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Neisseria gonorrhoeae 

Notifications according to  
the Swedish Communicable Diseases Act
Gonorrhoea is a notifiable infection and in 2014, 1336 cases 
(13.7 cases per 100 000 inhabitants) of gonococcal infections 
were reported to the Public Health Agency of Sweden. Most 
of these cases were identified in the three largest counties of 
Sweden, which comprise the cities Stockholm, Gothenburg, 
and Malmö, respectively. Clinical isolates are in the present 
report described from the Swedish Reference Laboratory for 
Pathogenic Neisseria (an external body of the Public Health 
Agency of Sweden), Department of Laboratory Medicine, 
Clinical Microbiology, Örebro University Hospital, Örebro. 

In 2014, in total N. gonorrhoeae strains from 382 of the 
notified cases were fully characterised at this laboratory, rep-
resenting 29% of the notified cases. 

Antimicrobial susceptibility testing was performed accord-
ing to standardized and quality assured methodology using 
Etest for MIC determination of ceftriaxone, cefixime, azithro-
mycin, spectinomycin, ciprofloxacin, and ampicillin. The used 
SIR criteria have been determined by The Swedish Reference 
Group for Antibiotics (SRGA) and The European Committee 
on Antimicrobial Susceptibility Testing (EUCAST). Pro duc-
tion of β-lactamase was examined by nitrocefin discs. 

The results for 2014 are compared with those from 2007 
to 2013 in Table 4.4. Briefly, the levels of resistance to anti-

microbials previously used as first-line treatment for gonor-
rhoea (penicillins and ciprofloxacin) remain high. The level 
of resistance to azithromycin also remains high, however, 
decreased from 13% in 2013 to 9% in 2014. Nevertheless, 
this decrease might only reflect that only a low number of 
gonococcal isolates from Stockholm were analyzed at the 
Swedish Reference Laboratory for Pathogenic Neisseria. The 
azithromycin resistance has during the recent years been sub-
stantially higher in Stockholm, which may reflect an overuse 
of azithromycin in antimicrobial monotherapy of gonorrhoea 
and/or other sexually transmitted infections, in particular, 
urogenital chlamydial infections. In 2014, the resistance to 
cefixime (2%) continued to decrease and the resistance to 
ceftriaxone (0.3%) remained low. This is exceedingly prom-
ising because ceftriaxone is the last remaining option for 
empirical antimicrobial monotherapy of gonorrhoea. Similar 
decreases in the resistance to these extended-spectrum ceph-
alosporins have been indicated in some additional European 
countries. The reasons for this decline are still unknown, 
however, most likely the European recommendations to use 
ceftriaxone (500 mg) plus azithromycin (2 g) in the empiric 
first-line treatment have been very effective. No gonococcal 
isolates resistant to spectinomycin has yet been detected in 
Sweden. However, the availability of spectinomycin is lim-
ited (in Sweden as in most countries globally), and it is not 
suitable for treatment of pharyngeal gonorrhoea.   

TABLE 4.4. Proportion of antibiotic resistance (%) and	β-lactamase production of Swedish Neisseria gonorrhoeae strains 2007-2014

2007 (n=406) 2008 (n=447) 2009 (n=384) 2010 (n=618) 2011 (n=805) 2012 (n=877) 2013 (n=967) 2014 (n=384)

β-lactamase positive 30 28 44 29 23 23 18 28

Ampicillin 30 28 44 31 24 23 18 28

Cefixime <1 1 5 6 8 10 4 2

Ceftriaxone 0 <1 0 2 2 1 <1 (0.3) <1 (0.3)

Azithromycin 7 13 6 12 11 10 13 9

Ciprofloxacin 70 63 75 56 55 62 53 60

Spectinomycin 0 0 0 0 0 0 0 0

Neisseria meningitidis

Notifications according to  
the Swedish Communicable Diseases Act
Invasive meningococcal disease is a notifiable disease, and 
in 2014 a total of 49 clinical cases (0.50 cases per 100 000 
inhabitants) of the disease were reported. All together 45 
clinical invasive isolates from blood, cerebrospinal fluid or 
puncture (one per patient) were analysed at the Swedish 
Reference Laboratory for Pathogenic Neisseria (an external 
body of the Public Health Agency of Sweden), Department 
of Laboratory Medicine, Clinical Microbiology, Örebro 
University Hospital.

Antimicrobial susceptibility testing was performed according 
to standardized and quality assured methodology using Etest 
for determinations of MIC values for penicillin G, cefotaxime, 
meropenem, chloramphenicol, ciprofloxacin and rifampicin. 
Production of β-lactamase was examined by nitrocefin discs.

Ten (22%) isolates had reduced susceptibility to penicillin 
G (MIC>0.064 mg/L). All isolates (100%) were susceptible 
to cefotaxime (MIC values of <0.002-0.016 mg/L), mero-
penem (MICs: 0.003-0.047 mg/L), chloramphenicol (MICs: 
0.25-1.5 mg/L), ciprofloxacin (MICs: 0.002-0.006 mg/L), 
and rifampicin (MICs: 0.003-0.032 mg/L). None of the iso-
lates obtained in 2014 produced β-lactamase, and in fact no	
β-lactamase-producing meningococcal isolate has ever been 
found in Sweden.
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Mycobacterium tuberculosis 

During 2014 in total 684 cases of tuberculosis (TB) were 
reported compared to 655 cases during 2013 which is a small 
increase.

The number and proportion of culture confirmed cases 
were 527 (77 %) compared to 522 (80 %) in 2013. Myco-
bacterium tuberculosis was identified in 522 cases and there was 
one Mycobacterium africanum and four Mycobacterium bovis 
diagnosed this year. The proportions of cases diagnosed with 
isoniazid resistant TB in 2014 were 9.8 % (51/522) and MDR 
2.9 % (15/522). No XDR-TB were diagnosed during 2014.

Isolates of M. tuberculosis resistant to at least one of the 
four first line drugs (isoniazid, rifampicin, ethambutol or 
pyrazinamid) were identified in 65 patients corresponding to 
12.4% of the 522 with culture confirmed TB, see Table 4.5. 
As always isoniazid resistance was the most common resist-
ance. Among the cases born in Sweden only two (four %) of 
45 with culture confirmed diagnosis had isoniazid-resistant 
TB and no other resistance was found.

As much as 92 % of the TB cases reported in Sweden are 
born in another country. In this group 13.2 % (63/477) had 
some kind of resistance and 15 of those 63 had MDR-TB. 

For 30 of the 522 we have information on previous treat-
ment for TB after 1950 since when effective medication has 
been available. Out of these 30 cases 26 % (8/30) had some 
resistance and four were cases of MDR-TB. It is likely that 
more cases have received treatment earlier but there are no 
data on this.

Of the 15 cases with MDR-TB none was of Swedish origin 
and the majority (11/15) came to Sweden 2013 or later. In 
total 11 of the 15 cases had pulmonary manifestations and 
among them four were smear positive.

Genetic typing with MIRU-VNTR (Mycobacterial 
Interspersed Repetitive Units - Variable Numbers of Tandem 
Repeat) has been performed on 488 of the 522 isolates so 
far. This is done to help detect clusters which could indicate 
ongoing spread in Sweden. Of all 684 reported cases, 67 are 
considered to have been infected in Sweden. Among culture 
confirmed cases thought to have been infected in Sweden 
were the strain is unique, the majority are elderly who most 
likely were infected in their youth.

The proportion of patients with M. tuberculosis resistant 
against isoniazid has increased slightly in 2014 and we have 
seen more cases of MDR-TB but no XDR-TB as we did in 
2012 and 2013. 

TABLE 4.5. Drug resistant tuberculosis in Sweden 2005-2014.

Year of diagnosis 2005 2006 2007 2008 2009 2010 2011 2012 2013

Culture confirmed 
M. tuberculosis 

448 395 361 434 510 523 473 498 522

No % No % No % No % No % No % No % No % No % No %

Any resistance 52 11.6 43 10.9 49 13.6 57 13.1 58 11.4 68 13 73 15.4 60 12 58 10.7 65 12.4

Isoniazid 46 10.3 38 9.6 46 12.7 51 11.8 51 10 57 10.9 57 12 49 9.8 44 8.4 51 9.8

Rifampicin 5 1.1 6 1.5 15 4.2 15 3.5 14 2.7 20 3.8 19 4 15 3 10 1.9 18 3.4

Ethambutol 3 0.7 1 0.3 7 1.9 6 1.4 7 1.4 12 2.3 10 2.1 12 2.4 8 1.5 15 2.9

Pyrazinamid 6 1.3 6 1.5 11 3 18 4.1 15 2.9 20 3.8 27 5.7 23 4.6 14 2.7 23 4.4

Isoniazid + 
rifampicin (MDR)

4 0.9 3 0.8 15 4.2 14 3.2 13 2.5 18 3.4 17 3.6 14 2.8 8 1.5 15 2.9

2014

522
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Clinical isolates from animals

Isolates tested are from clinical submission of samples to 
SVA, if not otherwise stated. For many samples, informa-
tion on the indication for sampling was not available but the 
vast majority of submissions were likely from animals with 
diesase. Therefore, data may be biased towards samples 
from treated animals or from herds where antibiotic treat-
ment is common. Any assessments of trends are based on the 
assumption that this bias is inherent throughout the observa-
tion period.

In Svarm, isolates are, when possible, classified as sus-
ceptible or resistant by ECOFFs issued by EUCAST (see 
Guidance for readers for details). This classifies isolates with 
acquired reduced susceptibility as resistant, which is relevant 
for monitoring purposes, but it should be understood that 
this not always implies clinical resistance.

Pigs

Escherichia coli
Isolates of Escherichia coli are from clinical submissions of 
faecal samples or samples taken post mortem from the gas-
tro-intestinal tract. During the latest years, the number of 
samples submitted has decreased and the sampling strategy 
has probably changed to some extent. This may influence 
the proportion of resistant isolates. Some of the isolates are 
tested by PCR for genes coding for the virulence factors 
enterotoxin (LT), heat-stable enterotoxin a and b (STa and 
STb), verocytotoxin (VT2e) and adhesion factors F4, F5, F6, 
F18 and F41. However, isolates may be susceptibility tested 
regardless of presence of virulence factors.

As in previous years, resistance to ampicillin, streptomy-
cin, tetracycline and trimethoprim-sulphamethoxazole were 
the most common resistance traits (Table 5.1). Resistance 
to ampicillin and to trimethoprim-sulphamethoxazole has 
increased considerably compared to previous years (Figure 
5.1). Resistance to enrofloxacin has varied between 6% and 

11% since 2001. In 2014, two isolates had MICs above the 
ECOFF for colistin. This may be true resistance or due to 
methodological errors, but the isolates were not available for 
further analyses.

Multiresistance occurred in 42% (50/118) of the isolates 
in 2014 which is higher than previous years (38% in 2013, 
24% in 2012, 25% in 2011, 15% in 2010, 19% in 2009 and 
14% in 2008). The reason for this increase is uncertain. 
According to a regulation from 2013, susceptibility testing 
is generally required before ordination of fluoroquinolones 
for animals. Due to this, sampling may be biased towards iso-
lates from herds with therapeutic failure with trimethoprim-
sulphonamides, since fluoroquinolones may be an alternative 
for treatment of E. coli diarrhoea. Co-resistance between tri-
methoprim-sulphonamides and other antibiotics is common.

The combination of resistance to ampicillin, streptomycin 
and trimethoprim-sulphametoxazole was the most common 
trait in 2014, as in previous years, occurring in 64% of the 
multiresistant isolates. Seventeen percent of all isolates were 
resistant to four antibiotics. Three isolates were resistant to 
five antibiotics and one isolate to six antibiotics.

TABLE 5.1. Distribution of MICs and resistance (%) in Escherichia coli from pigs 2014. Clinical isolates from faecal samples or from samples taken post 
mortem from the gastro-intestinal tract.

a 49 isolates tested; b 69 isolates tested; c Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim/sulphamethoxazole).

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)

2014
n=118

≤0.12 0.25 0.5 1 2 4 8 16 32 >32

Ampicillin 40 48.3 11.9 39.8

Cefotaximea 0 100

Ceftiofurb 0 27.5 65.2 7.2

Colistina 4 81.6 14.3 4.1

Enrofloxacin 11 89.0 3.4 4.2 0.8 2.5

Florfenicolb 1 5.8 47.8 37.7 7.2 1.4

Gentamicin 0 99.2 0.8

Neomycin 13 83.9 3.4 1.7 11.0

Streptomycin 50 39.0 11.0 11.0 39.0

Tetracycline 25 64.4 8.5 1.7 25.4

Trim-Sulph.c 46 53.4 0.8 45.8
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FIGuRE 5.1. Resistance (%) in Escherichia coli from pigs 1992-2014. 
Clinical isolates from faecal samples or from samples taken post 
mortem from the gastro-intestinal tract. The number of isolates each 
year varies (n=74-482).
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Brachyspira hyodysenteriae
Isolates of Brachyspira hyodysenteriae are from clinical submis-
sions of faecal samples. Analysis of antibiotic susceptibility 
data from isolates of B. hyodysenteriae from Sweden 1990-
2010 has resulted in a proposal for ECOFFs for the antibi-
otics tested at SVA (Pringle et al., 2012). In Table 5.2 these 
ECOFFs are used and historical data have been adjusted. 
With the new ECOFF >0.25 mg/L for tiamulin, some iso-
lates are classified as resistant. However, with the previously 
used clinical breakpoint >2 mg/L, no isolate was classified as 
clinically resistant. The ECOFF for tylosin (>16 mg/L) has 
not been changed compared to previous years and more than 
half of the isolates are resistant.

Brachyspira pilosicoli
Isolates of Brachyspira pilosicoli are from clinical submissions 
of faecal samples. ECOFFs for B. pilosicoli are not available 
for the antibiotics tested. As guide for the choice of antibi-
otic for treatment of spirochaetal diarrhoea, a clinical break-
point for tiamulin of >2 mg/L and for tylosin of >16 mg/L 
are used at SVA. With these breakpoints, 12% of the isolates 
are resistant to tiamulin and 58% to tylosin (Table 5.3). If 
the same ECOFF as for B. hyodysenteriae is used, 28% of the 
isolates are resistant to tiamulin. Tiamulin, valnemulin and 
tylosin are currently licensed for treatment of spirochaetal 
diarrhoea in pigs in Sweden and isolates with high MICs of 
these three substances are present.

TABLE 5.2. Resistance (%) in Brachyspira hyodysenteriae from pigs 2005-2014 and distribution of MICs for isolates from 2009-2014. Clinical isolates 
from faecal samples.

a 29 isolates 2005, 25 isolates 2006; b 23 isolates 2007, 15 isolates 2008; c 24 isolates 2009, 9 isolates 2010, 7 isolates 2011, 7 isolates 2012, 8 isolates 2013, 7 isolates 2014;  
d 15 isolates tested; NA=not analysed.

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)

2005-06
n=54a

2007-08
n=38b

2009-14
n=62c

≤0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 >128

Doxycycline 9 3 3 17.7 67.7 11.3 3.2

Tiamulin 7 18 6 41.9 37.1 14.5 3.2 3.2

Tylosin 81 76 58 24.2 16.1 1.6 1.6 56.5

Tylvalosin NA 93d 56 1.6 17.7 24.2 3.2 11.3 27.4 11.3 3.2

Valnemulin 0 18 3 82.3 14.5 3.2

TABLE 5.3 Distribution of MICs for Brachyspira pilosicoli from pigs 2005-2014, n=289. Clinical isolates from faecal samples. The number of isolates 
each year varies (n=12-67).

a 126 isolates tested.

Antibiotic Distribution (%) of MICs (mg/L)

≤0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 >128

Doxycycline 39.1 48.8 4.5 2.8 4.5 0.3

Tiamulin 33.2 26.3 12.1 8.3 6.2 1.7 0.7 2.4 9.0

Tylosin 5.5 20.4 11.8 4.2 4.5 3.8 5.2 44.6

Tylvalosina 0.8 12.7 25.4 25.4 4.8 1.6 4.0 13.5 11.9

Valnemulin 45.7 20.1 5.9 9.3 7.3 4.2 2.4 1.4 3.8

Actinobacillus pleuropneumoniae
Isolates of Actinobacillus pleuropneumoniae are from post mor-
tem investigations of lungs or from lung samples taken at 
slaughterhouses within the monitoring programme Svarmpat. 
The resistance situation is favourable and almost no resist-
ance is detected (Table 5.4). However, since pneumonia 
caused by A. pleuropneumoniae is an important disease in 
Swedish pig production, sampling and susceptibility testing 
is desirable if emerging resistance is to be detected early.

Pasteurella spp.
Most isolates of Pasteurella spp. are from post mortem inves-
tigations of lungs or from lung samples taken at slaughter-
houses within the monitoring programme Svarmpat. Some 
isolates are also from nasal swabs collected within a control 
programme for atrophic rhinitis in nucleus and multiplying 
herds. Isolates from the control programme are likely from 
healthy pigs, whereas isolates from lung samples are most 
likely from pigs with respiratory disease. Antibiotic resist-
ance is rare among isolates of Pasteurella spp. (Table 5.5).

Isolates from 2013-2014 (n=114) were species identified 
by MALDI-TOF MS and are Pasteurella multocida. Isolates 
from earlier years were identified to species with biochemical 
methods. Most of these isolates are P. multocida, but species 
identification is in some cases uncertain. However, ECOFFs 
for P. multocida are used in Table 5.5 for all isolates.
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TABLE 5.5. Distribution of MICs and resistance (%) in Pasteurella spp. from pigs 2005-2014. Clinical isolates from the respiratory tract, isolated from 
nasal swabs or from post mortem investigations of lungs. The number of isolates each year varies (n=10-95).

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)

2005-2014
n=252

≤0.008 0.016 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 >128

Ampicillin 0 100

Chloramphenicol 0a 100

Ciprofloxacin 0a 21.6 58.8 18.6 1.0

Enrofloxacin 0b 98.7 1.3

Florfenicol 1c 98.8 1.2

Gentamicin 1 73.4 21.0 4.8 0.4 0.4

Nalidixic acid 0a 50.5 40.2 8.2 1.0

Penicillin 0 52.0 43.3 4.8

Streptomycin NRd 3.2 44.4 34.1 13.5 4.8

Tetracycline 0 98.4 1.6

Trim/Sulph 1e 96.4 0.7 0.7 0.7 1.4

a 97 isolates tested; b 155 isolates tested; c 248 isolates tested, d Not relevant since the genus has inherently low susceptibility to streptomycin; e 138 isolates tested,  
concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim/sulphamethoxazole).

Cattle

Escherichia coli from faecal samples
Isolates of E. coli are from the gastro-intestinal tract of calves. 
Most of the isolates are probably from calves no more than 
a few weeks old, i.e. during a period when resistance in 
enteric bacteria often is high in cattle. However, in the  iso-
lates from the period 2012-2014 resistance was higher than 
previous years for ampicillin, streptomycin and tetracycline 
(Table 5.6). Multiresistance occurred in 76% (22/29) of the 
isolates from 2014, compared to 70% in 2013, 50% in 2012 
and 40% in 2007-2011. The reason for the observed increase 
is not known. However, a biased material, due to sampling 
in herds with therapeutic failure and to new legislation that 
states susceptibility testing, could have influenced the results. 

Moreover, the low number of tested strains in 2014 makes it 
difficult to draw conclusions on trends.

In 2012, there were differences in resistance between iso-
lates from samples investigated at SVA and samples from a 
regional laboratory in the southern part of Sweden. The rea-
son for the differences is not known, but geographical origin, 
type of herds and indication for sampling may influence dif-
ferences in resistance.

Two isolates from 2010, one from 2012 and one from 
2013 had a MIC of ceftiofur above the ECOFF. The isolates 
from 2010 and 2013 were not available for further investiga-
tion but since the MIC was just above the cut-off value, the 
results are probably due to methodological errors or the iso-
lates express chromosomal AmpC. The isolate from 2012 had 
an AmpC phenotype, but no gene was detected with PCR.

TABLE 5.4. Distribution of MICs and resistance (%) in Actinobacillus pleuropneumoniae from pigs 2005-2014. Clinical isolates from post mortem  
investigations of lungs. The number of isolates each year varies (n=16-57).

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)

2005-2014
n=326

≤0.016 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 >128

Ampicillin 0 100

Chloramphenicol 0 100

Ciprofloxacin 0 12.6 58.0 29.4

Florfenicol 0 100

Gentamicin 0 0.3 8.9 78.8 12.0

Nalidixic acid 0 2.5 60.7 36.8

Penicillin 0 0.3 4.9 65.0 29.8

Streptomycin NRa 0.3 1.8 46.9 49.1 1.8

Tetracycline <1 99.7 0.3

Trimethoprim 0 18.7 60.7 17.2 2.5 0.9

a Not relevant since the genus has inherently low susceptibility to streptomycin. 
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Escherichia coli from milk samples
Isolates of E. coli are from clinical submissions of milk sam-
ples from dairy cows. It is probable that most sampled cows 
had clinical mastitis. According to a regulation from 2013, 
susceptibility testing is generally required before ordination 
of fluoroquinolones for use in animals. As a consequence of 
this the number of isolates of E. coli from milk samples that 
are susceptibility tested has increased considerably during 
2013 and 2014 compared to previous years.  Although anti-
biotic treatment is not always indicated for E. coli mastitis, 
fluoroquinolones may be the clinically most effective group 
of antibiotics if treatment is required.

In the material from 2014, 32% (30/95) of the iso-
lates were resistant to at least one antibiotic. Resistance  
to ampicillin, streptomycin, tetracycline or trimethoprim-
sulphamethoxazole was most common and has increased 
compared to 2013 (Table 5.7). Multiresistance occurred in 

TABLE 5.6. Resistance (%) in Escherichia coli from cattle 1992-2002 and 2005-2014. Distribution of MICs for isolates from 2012-2014. Clinical isolates 
from faecal samples or from samples taken post mortem from the gastro-intestinal tract.

a Cut-off value >2 mg/L until 2006; b Cut-off value >0.25 mg/L until 2004; c Cut-off value >8 mg/L until 2001; d Cut-off value >32 mg/L until 2006; e Concentration of trimethoprim 
given, tested in concentration ratio 1/20 (trimethoprim/sulphamethoxazole); f Cut-off value >4 mg/L until 2006; g 16 isolates tested.

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)

1992-02

n=220

2005-06

n=63

2007-11

n=70

2012-14

n=117
≤0.12 0.25 0.5 1 2 4 8 16 32 >32

Ampicillin 24 32 33 55 38.5 6.0 0.9 54.7

Ceftiofura 0g 0 3 2 4.5 83.8 9.9 1.8

Enrofloxacinb 10 13 10 12 88.0 3.4 0.9 0.9 6.8

Florfenicol 0g 0 1 0 34.2 64.9 0.9

Gentamicinc 5 0 1 1 86.3 12.8 0.9

Neomycin 8 13 24 19 65.8 15.4 1.7 1.7 15.4

Streptomycind 42 54 49 77 17.9 5.1 1.7 75.2

Tetracycline 31 49 64 77 20.5 2.6 76.9

Trim/Sulph.e,f 11 21 17 21 77.8 0.9 0.9 20.5

19% (18/95) of all isolates. Resistance to ampicillin, strepto-
mycin and trimetho prim-sulphamethoxazole were the most 
common traits and 16% of all isolates were resistant to all 
three of these antibiotics. Three isolates were resistant to five 
antibiotics (ampicillin, enrofloxacin, streptomycin, tetracy-
cline and trimethoprim-sulphamethoxazole). 

Klebsiella pneumoniae from milk samples
Isolates of Klebsiella pneumoniae are from clinical submissions 
of milk samples from dairy cows. Resistance was uncommon 
and 74% of isolates was susceptible to all tested antibiotics, 
excluding ampicillin, and MICs were in accordance with the 
results from susceptibility testing of isolates from 2002-2003 
(Bengtsson et al., 2009). Resistance to streptomycin was the 
most common resistance trait. Multiresistance did not occur 
in isolates from 2014.

a Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim/sulphametoxazole)

Antibiotic Distribution (%) of MICs (mg/L)

2013
n=142

2014
n=95

≤0.12 0.25 0.5 1 2 4 8 16 32 >32

Ampicillin 14 20 5.3 44.2 28.4 2.1 20.0

Ceftiofur 1 0 9.5 68.4 22.1

Enrofloxacin 5 6 93.7 1.1 4.2 1.1

Florfenicol 0 0 1.1 47.4 49.5 2.1

Gentamicin 0 0 95.8 4.2

Neomycin 4 1 94.7 4.2 1.1

Streptomycin 16 25 3.2 32.6 38.9 3.2 22.1

Tetracycline 9 19 8.4 51.6 18.9 2.1 18.9

Trim-Sulph.a 11 17 83.2 16.9

Resistance (%)

TABLE 5.7. Resistance (%) in Escherichia coli from dairy cows 2013-2014 and distributions of MICs for isolates from 2014. Clinical isolates from milk.
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Staphylococcus aureus from milk samples
Isolates of Staphylococcus aureus are from milk samples from 
dairy cows with clinical mastitis. Samples were submitted 
within a field study in which participating veterinary prac-
tices sent in milk samples from dairy cows with clinical mas-
titis in a randomized way.

Resistance was uncommon in this material and in accord-
ance with the results from susceptibility testing of isolates 
from 2002-2003 (Bengtsson et al., 2009). Since 2002-2003, the 
proportion of beta-lactamase producing isolates has decreased 
from 7% to 1%. In order to reduce transmission of beta- 
lactamase producing S. aureus among Swedish dairy cows, it 

is recommended not to keep animals with mastitis caused by 
such bacteria in the herd. The decrease in beta-lactamase pro-
ducing S. aureus over the last decade indicates that this strategy 
has been effective. However, the sampling strategy and num-
ber of sampled cows are not similar in the two studies, and 
conclusions on trends should therefore be drawn with caution. 

For four of the isolates, MICs of oxacillin were above the 
cut-off value. Three of the isolates had MIC 2 mg/L and one 
isolate had MIC 1 mg/L (Table 5.9). These four isolates were 
tested for the presence of mecA and mecC genes with PCR but 
the genes were not detected.

TABLE 5.8. Resistance (%) in Klebsiella pneumoniae from dairy cows 2013-2014 and distributions of MICs for isolates from 2014. Clinical isolates from milk.

a Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim/sulphamethoxazole); b Not relevant as the genus is inherently resistant to ampicillin.

Antibiotic Distribution (%) of MICs (mg/L)

2013
n=41

2014
n=39

≤0.12 0.25 0.5 1 2 4 8 16 32 >32

Ampicillin NRb NRb 100

Ceftiofur 0 0 7.7 82.1 10.3

Enrofloxacin 0 3 89.7 7.7 2.6

Florfenicol 2 3 2.6 43.6 46.2 5.1 2.6

Gentamicin 0 0 100

Neomycin 2 0 100

Streptomycin 7 18 71.8 10.3 5.1 12.8

Tetracycline 15 5 5.1 71.8 17.9 5.1

Trim-Sulph.a 5 0 100

Resistance (%)

TABLE 5.9. Distribution of MICs and resistance (%) in Staphylococcus aureus isolated from dairy cows in 2013-2014. Clinical isolates from milk.

a Denotes beta-lactamase production.

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)

2013-2014
n=74

≤0.016 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 >128

Cephalothin 0 9.5 45.9 43.2 1.4

Ciprofloxacin 0 12.2 52.7 33.8 1.4

Chloramphenicol 0 5.4 91.9 2.7

Clindamycin 1 98.6 1.4

Erythromycin 0 32.4 50.0 17.6

Fucidic acid 8 17.6 17.6 12.2 44.6 6.8 1.4

Gentamicin 0 89.2 8.1 2.7

Kanamycin 0 5.4 13.5 56.8 16.2 8.1

Oxacillin 5 5.4 52.7 17.6 18.9 4.1 1.4

Penicillina 1

Tetracycline 1 93.2 5.4 1.4

Trimethoprim 9 5.4 41.9 43.2 8.1 1.4
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Pasteurella spp.
Isolates of Pasteurella spp. are from nasal swabs from calves 
with respiratory disease or from post mortem investigations 
of lungs. Isolates from 2013-2014 were species identified by 
MALDI-TOF MS and are Pasteurella multocida. Isolates from 
earlier years were species identified with biochemical methods. 
Most of these isolates are also P. multocida, but species iden-
tification is in some cases uncertain. However, ECOFFs for  
P. multocida are used, if possible, in Table 5.10 for all isolates.

Antibiotic resistance was rare among isolates of Pasteurella 
spp. (Table 5.10) and penicillin is considered the substance 
of choice for treatment of pneumonia in calves in Sweden. 
Isolates of beta-lactamase producing Pasteurella spp. have 

TABLE 5.10. Distribution of MICs and resistance (%) in Pasteurella spp. from calves 2005-2014. Clinical isolates from the respiratory tract, isolated from 
nasal swabs or from post mortem investigations of lungs.

a Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim/sulphamethoxazole); b 268 isolates tested.

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)

2005-2014

n=293
≤0.06 0.12 0.25 0.5 1 2 4 8 16 >16

Ampicillin 0 100

Enrofloxacin 0b 96.6 3.4

Florfenicol 0 100

Penicillin 0 53.9 38.9 7.1

Tetracycline 0 95.9 4.1

Trim/Sulph.a 0 96.9 1.7 1.0 0.3

been confirmed in one herd in 2003 and beta-lactamase pro-
ducing Mannheimia haemolytica in one herd in 2010.

Sheep

Mannheimia haemolytica and Bibersteinia trehalosi
Isolates of Mannheimia haemolytica and Bibersteinia trehalosi 
are from post mortem investigation of lungs. Resistance was 
uncommon in this material (Table 5.11). Since ECOFFs are 
rarely available for these bacteria, ECOFFs for P. multocida 
are used, when possible. Two isolates had MICs just above 
the ECOFF for penicillin, but these isolates were not avail-
able for further analyses. 

TABLE 5.11. Distribution of MICs and resistance (%) in Mannheimia haemolytica and Bibersteinia trehalosi from sheep 2013-2014. Clinical isolates from 
the respiratory tract, isolated from post mortem investigations of lungs.

a Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim/sulphamethoxazole).

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)

2013-2014

n=44
≤0.06 0.12 0.25 0.5 1 2 4 8 16 >16

Ampicillin 0 100

Enrofloxacin 5 79.5 15.9 2.3 2.3

Florfenicol 0 100

Penicillin 5 61.4 18.2 15.9 4.5

Tetracycline 0 95.5 4.5

Trim/Sulph.a 0 97.7 2.3
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Antibiotic resistant E. coli that has been selected for in the 
farm animal population may be transmitted to humans via 
the food-chain (van den Bogaard and Stobberingh, 2000). 
Of special concern is E. coli that has acquired resistance 
to fluoroquinolones or ESCs, which are critically impor-
tant antibiotics in human medicine (WHO, 2012). Faecal 
E. coli from preweaned calves is often multiply resistant, 
even without exposure to antibiotics (Swedres-Svarm, 
2013; de Verdier et al., 2012). To increase the knowledge 
about risk factors for the occurrence and dissemination 
of faecal resistant E. coli from calves and to define meas-
ures to reduce the occurrence, a PhD project was initi-
ated in 2011. Below is a summary of the studies included 
in the project. The full thesis “Antimicrobial resistant 
Escherichia coli in faeces of preweaned dairy calves” is 
available from http://pub.epsilon.slu.se/.

In a study on 243 farms risk factors for resistant E. coli 
were sought (Duse et al., 2015). Increasing calf age was a 
consistent protective factor against resistant E. coli, with 
the prevalence being highest around one week of age and 
then gradually declining. The microbiota of the gastro-
intestinal tract of the new-born calf is less diverse than 
in older cattle (Mayer et al., 2012). Many resistant E. 
coli strains carry factors that enhance their colonization 
ability (de Lastours et al., 2014; de Verdier et al., 2012) 
and competitiveness against susceptible E. coli (Eberhart 
et al., 2014), which may explain their successful estab-
lishement in the young calf gut. The decline in resistant 
E. coli with increasing age may be due to a combination 
of acquired immunity to certain strains (Runnels et al., 
1980) and increased competition from an increasingly 
diverse gastrointestinal microbiota (Mayer et al., 2012). 

Feeding colostrum from cows treated with antibiot-
ics at drying off did not affect the shedding of antibiotic 
resistant E. coli by calves. In contrast, feeding milk from 
cows treated with antibiotics during lactation to calves 
increased faecal streptomycin resistant E. coli and qui-
nolone resistant E. coli (QREC). It can be assumed that 
antibiotics in milk inhibit susceptible species in the gas-
trointensitnal tract, and thus, disturbs the composition of 
the microbiota. A disturbed gastrointenstintal microbiota 
is tantamount to reduced colonization resistance which 
may ease the establishment of antibiotic resistant E. coli. 
Hence, feeding milk from antibiotic-treated cows cannot 
be recommended from a resistance point of view. 

Treatment with broad-spectrum antibiotics in both 
cows and calves increased the occurrence of faecal E. coli 
with resistance to related or unrelated drugs (Duse et 
al., 2015). Treatment of cows may result in selection of 

resistant E. coli in their gastrointestinal microbiota, which 
could readily be spread by faeces in the farm environment 
and transferred to calves. Hence, prudent use of antibi-
otics likely reduces the overall burden of resistant E. coli 
on dairy farms and should include not only treatment of 
calves, but also treatment of cows.

Resistant E. coli was also more common on large 
than on small farms, which is a concern with the current 
development towards larger farms in Sweden. Calves on 
farms with parlour milking compared to farms with tie 
stall milking or automatic milking systems, and calves 
on farms in South and East compared to North Sweden 
were also more likely to carry resistant E. coli. The latter 
may be due to clonal dissemination of resistant E. coli 
between closely located farms.

The prevalence of faecal QREC from calves varied 
substantially between farms, and this prompted addi-
tional studies on risk factors and within-farm dissemina-
tion of QREC (Duse et al. 2015). On farms with high 
prevalence of faecal QREC in calves, QREC was also 
frequently found in calf feed, water and milk troughs, in 
the calving pen and in faecal samples from newly calved 
cows.Thus, it was assumed that QREC is maintained in 
the calf group by faecal-oral circulation through contam-
ination of feed, water and milk troughs and that transit of 
cows and calves via the calving area may be important for 
the dissemination of QREC between cows and calves. On 
most farms, two to four genotypes were found through-
out the farm, indicating within-farm clonal dissemination 
of QREC. Poor farm hygiene, group calving and infre-
quent use of the calving pen as a sick pen were risk fac-
tors for faecal QREC in cows and calves. Measures to 
reduce the burden of QREC on farms may be related to 
factors that decrease contamination and spread of faecal 
material, such as proper cleaning of feed, water and milk 
troughs as well as the use of single calving pens. 

The same clone of QREC was also found on more than 
one farm, suggesting clonal spread between farms. Farms 
that were located closer to each other were more likely 
to share the same QREC clone, possibly due to an epide-
miological connection between those farms. Quinolone 
resistant E. coli was also more common on farms that 
purchase cattle or share animal transporter with other 
farmers. A positive correlation was also found between 
the number of purchased cattle and the genetic diversity 
of QREC within the farm, suggesting that new QREC 
genotypes are introduced to the farm via purchase of  
cattle. These results indicate that QREC is spread between 
farms via the movement of cattle and equipment.

Risk factors for antibiotic resistant  
Escherichia coli in faeces of preweaned dairy calves
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Farmed fish

Isolates presented are from clinical submissions of farmed 
fish. In 2014, data for nine isolates of Aeromonas salmonicida 
subsp. achromogenes and nine of Flavobacterium columnare 
were available. Data for 2009-2014 are compiled and pre-
sented as distributions of MICs in Table 5.12. In Table 5.13 
MIC distributions for isolates of Flavobacterium psycrophilum 
are presented. Isolates of F. psychrophilum are from 22 disease 
outbreaks. In all but six of these samplings more than one 
isolate of F. psychrophilum were susceptibility tested. Most 
isolates of A. salmonicida and F. columnare are from brown 
trout or archtic char whereas most isolates of F. psychrophilum 
are from rainbow trout.

TABLE 5.12. Distribution of MICs for Aeromonas salmonicida subsp. achromogenes (n=69) and Flavobacterium columnare (n=40) from farmed fish 
2009-2014.

Bacterial species Antibiotic Resistance (%)

2009-2014

Distribution (%) of MICs (mg/L)

≤0.5 1 2 4 8 16 32 64 >64

Aeromonas salmonicida 
subsp. achromogenes

Florfenicol 1 97.1 1.4 1.4

Nalidixic acida 81.7 1.7 1.7 6.7 8.3

Tetracycline 3 94.2 2.9 1.4 1.4

Flavobacterium columnare

Florfenicol 100

Nalidixic acidb 77.4 12.9 3.2 3.2 3.2

Tetracycline 97.5 2.5

a 60 isolates tested; b 31 isolates tested.

TABLE 5.13. Distributions of MICs and resistance (%) in Flavobacterium psycrophilum from farmed fish 2014.

a Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim/sulphamethoxazole).

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)

2014
n=61

≤0.008 0.016 0.03 0.06 0.12 0.25 0.5 1 2 4 8 >8

Florfenicol 0 26.2 29.5 36.1 8.2

Oxolinic acid 69 3.3 26.2 1.6 8.2 60.7

Oxytetracycline 80 3.3 16.4 1.6 8.2 23.0 19.7 18 9.8

Trim/Sulph.a 87 1.6 8.2 3.3 13.1 23.0 26.2 24.6

At present there are only published interpretative criteria 
for MIC data for A. salmonicida from aquatic animals (CLSI, 
2014b). Epidemiological cut-offs of >4 mg/L and >1 mg/L 
was proposed by CLSI for florfenicol and oxytetracycline, 
respectively. Using those criteria, one isolate is interpreted 
as resistant to florfenicol and two to tetracycline. A bimodal 
distribution with deviating high MICs of the quinolone nali-
dixic acid indicate the presence of acquired resistance to this 
antibiotic as well. Recently, Smith et al. (2014) proposed 
ECOFFs for florfenicol, oxolinic acid and oxytetracycline for 
F. psycrophilum. These are used in the distributions in Table 
5.13. Resistance to oxolinic acid and oxyteracycline was high 
in this material. There is a limited therapeutic use of the qui-
nolone oxolinic acid as well as of tetracycline in aquaculture 
in Sweden. 
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The Svarmpat programme (Swedish Veterinary Antibiotic 
Resistance Monitoring – farm animal pathogens) is a pro-
ject in co-operation between Farm & Animal Health and 
SVA that started in 2005. It is financed by the Swedish 
Board of Agriculture.

The purpose of Svarmpat is to reduce emergence 
and spread of antibiotic resistance in pathogenic bacteria 
from farm animals. The work is performed by monitoring 
and documenting antibiotic resistance, by activities that 
increase knowledge of antibiotic resistance and prudent 
use of antibiotics, and by communication of knowledge 
generated within the programme to practitioners and 
farmers.

Selected studies within Svarmpat in 2014:
Milk samples in dairy cows

•	 Screening for MRSA in milk samples from dairy cows 
started in 2010 and is still ongoing. Selected isolates 
of beta-lactamase producing Staphylococcus aureus from 
routine submissions to SVA are investigated for methi-
cillin-resistance. During 2010-2014, 702 isolates were 
tested and MRSA with mecC was confirmed in 3 iso-
lates from 2010, 1 from 2011 and 1 from 2013, and 
MRSA with mecA was confirmed in 1 isolate from 2012 
and 1 from 2014. In addition, 513 isolates of S. aureus 
without beta-lactamase production was tested in 2013, 
but MRSA was not detected. See Notifiable diseases, 
MRSA in animals.

•	 Continuous monitoring of bacterial findings in clini-
cal mastitis in dairy cows started in 2013. Randomly 
collected milk samples from dairy cows with clinical 
mastitis are cultured and isolated bacteria are suscep-
tibility tested. Mastitis is an important disease in dairy 
cows. Most bacteria causing mastsitis in dairy cows in 
Sweden are sensitive to penicillin and penicillin is the 
drug of choice for treatment if antibiotic is needed.  
It is, however, desirable to continuously monitor the 
situation concerning bacterial panorama and resistance 
situation. Resistance in S. aureus isolated in this study is 
presented in Clinical isolates from animals.

Respiratory tract samples in pigs, cattle and sheep

•	 Resistance in Actinobacillus pleuropneumoniae and Pasteu -
rella multocida from pigs, P. multocida and Mannheimia 
haemolytica from cattle and M. haemolytica and Bi bersteinia 
trehalosi from sheep are continously susceptibility tested 
within Svarmpat. Resistance to penicillin in these 
bacteria is very uncommon, supporting the recom-
mendation to primarily use penicillin for treatment 
of pneumonia in pigs, cattle and sheep. For resistance 
results see Clinical isolates from animals.

Enteric samples from pigs

•	 Swine dysentery and spirochaetal diarrhoea in pigs are 
important diseases in many countries. The resistance 
situation in the causative agents, Brachyspira hyodysen-
teriae and Brachyspira pilosicoli, in Sweden is favour-
able compared to other countries. Within Svarmpat, 
isolates from all identified herds with these diseases in 
Sweden are susceptibility tested. For resistance results 
see Clinical isolates from animals.

Enteric and environmental samples from broilers  

•	 The occurrence of ESBL-producing E. coli in broilers, 
laying hens and turkeys are monitored and the epidemi-
ology of this resistance is studied in several projects and 
the work is party financed by Svarmpat. See Notifiable 
diseases, ESBL-producing Enterobacteriaceae.

Questionnaire about specified pig diseases
During 2014, a questionnaire about the disease syn-
dromes head tilt and exudative epidermitis in pigs was 
performed with the aim to increase knowledge about 
occurrence and outcome of treatment. Answers were 
received from 186 pig veterinarians, pig farmers and pig 
farm workers. Results are being compiled.

Svarmpat – monitoring of resistance in pathogens from farm animals
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TABLE 5.14.  Distributions of MICs and resistance (%) in Escherichia coli from horses in 2014. Clinical isolates from the genital tract of mares.

a Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim-sulphametoxazole); b n=229 for all substances except cefotaxime and colistin with  
218 tested isolates respectively.

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)
2014  

n=229 b
≤0.12 0.25 0.5 1 2 4 8 16 32 64

Ampicillin 7 44.1 48.5 0.9 6.6

Cefotaxime 0 100

Colistin 4 67.4 28.9 2.8 0.5 0.5

Enrofloxacin 2 98.3 1.3 0.4

Gentamicin 1 98.3 0.4 0.4 0.9

Neomycin 1 98.7 1.3

Streptomycin 10 72.1 18.0 0.4 9.6

Tetracycline 3 91.7 4.8 0.4 3.1

Trim-Sulph.a 12 88.2 11.8

Horses

Escherichia coli
Isolates of Escherichia coli are from clinical sampling of the 
genital tract of mares. As in previous years, resistance to tri-
methoprim-sulphametoxazole and streptomycin was most 
common in 2014 (Table 5.14). Since 2004, the rate of resist-
ance has differed somewhat between the years, but the fig-
ures seem to decline (Figure 5.2). 

Multiresistance was detected in 5 % (12/229) of the iso-
lates, which is comparable to the figures in 2013 (4%) and 
2012 (6%), but less than 2011 (11%). Ten of the isolates 
were resistant to three substances and one to four substances, 
including ampicillin, trimethoprim-sulphametoxazole and/
or different aminoglycosides, but also to tetracycline and 
enrofloxacin. However, no dominant trait was oserved. One 
isolate was resistant to six substances; ampicillin, enrofloxa-
cin, gentamicin, neomycin, streptomycin, tetracycline and 
trimethoprim-sulphametoxazole. 

No ESC resistant E. coli was isolated from this mate-
rial. For more information of ESBL in horses, see ESBL-
producing Enterobacteriaceae in animals.

TABLE 5.15. Distribution of MICs and resistance (%) in Streptococcus zooepidemicus isolated from horses in 2014. Clinical isolates from the  
respiratory tract.

a Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim-sulphametoxazole); b NR= Not relevant as the inherent susceptibility is above  
concentrations that can be obtained during therapy.

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)
2014  

n=129
≤0.12 0.25 0.5 1 2 4 8 16 32 >32

Ampicillin 0 100

Enrofloxacin NR b 0.8 0.8 53.5 45.0

Florfenicol 0 98.4 1.6

Gentamicin NR b 0.8 1.6 45.0 47.3 5.4

Penicillin 0 100

Spiramycin 0 100

Tetracycline 2 41.9 47.3 9,3 1.6

Trim-Sulph.a 5 82.2 10.1 3.1 4.7
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FIGuRE 5.2. Resistance (%) in clinical isolates of Escherichia coli from 
the genital tract of mares 2004-2014. The number of isolates each 
year varies (n=124-273). 
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Streptococcus zooepidemicus
Isolates of Streptococcus zooepidemicus are from clinical sam-
pling of the respiratory tract. Resistance to antibiotics was 
rare in 2014 (Table 5.15 ). Over the years studied in Svarm, 
the susceptibility to penicillin and ampicillin has remained 
stable. Resistance to the other antibiotics tested has been rare 
from 1995 up to date (historical data not shown), except for 
trimethoprim-sulphametoxazole with gradually declining 
resistance rates and tetracycline with an unexplained peak of 
7% resistance in 2010. 

Streptococcus zooepidemicus have a low inherent susceptibil-
ity to fluoroquinolones (e.g. enrofloxacin) and aminoglyco-
sides (e.g. gentamicin). The MICs of these antibiotics were 
high and above concentrations obtained during systemic 
therapy. 

TABLE 5.16. Distribution of MICs and resistance (%) in Staphylococcus aureus from horses 2014. Clinical isolates from the skin.

a Denotes beta-lactamase production; b Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim-sulphametoxazole).

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)

2014

n=132

≤0.12 0.25 0.5 1 2 4 8 16 32 >32

Ceftiofur 0 1.5 2.3 77.2 18.9

Enrofloxacin 3 36.4 55.3 5.3 2.3 0.8

Florfenicol 2 3.0 65.9 28.8 2.3

Gentamicin 2 97.8 0.8 1.5

Oxacillin 0 100

Penicillina 18

Spiramycin <1 15.2 75.0 9,1 0.8

Streptomycin 7 24.2 47.0 22.0 3.8 3.0

Tetracycline 3 97.0 0.8 0.8 1.5

Trim-Sulph.b <1 99.2 0.8

Staphylococcus aureus
Isolates of Staphylococcus aureus are from clinical sampling of 
skin, excluding wounds and abscesses. Table 5.16 presents 
the distribution of MICs and resistance in isolates from 2014. 
Levels of resistance for gentamicin, penicillin, streptomycin 
and trimethoprim-sulphametoxazole over the last eight years 
are shown in Figure 5.3. Resistance to penicillin due to beta-
lactamase production dominates. After a peak in 2008-2009 
(36%), the figures have stabilised around 20% for the last 
five years.

No MRSA was detected in this material. For more infor-
mation on MRSA isolated from horses, see Notifiable diseases, 
MRSA in animals.

Dogs

Escherichia coli 
Isolates of Escherichia coli are from clinical sampling of urine, 
submitted either as urine or cultures on dip-slides or other 
agar plates. As in previous years, resistance to ampicillin was 
the most common trait in 2014 (Table 5.17). Levels of resist-
ance to ampicillin, enrofloxacin and trimethoprim-sulphame-
toxazole have been slightly declining since 2005 (Figure 5.4).

Multiresistance was detected in 2% (20/943) of the iso-
lates. This is about the same figure as in 2013 (3%) and 
halved compared to 2011-2012. Fourteen of the twenty mul-
tiresistant isolates were resistant to three substances and six 
to four substances. Of the multiresistant isolates were 19 
resistant to ampicillin, 15 to trimethoprim-sulphametoxa-
zole, 12 to enrofloxacin and 11 to tetracycline. Furthermore 
four of those strains were resistant to one or more of cefo-
taxime, colistin, gentamicin and/or nitrofurantoin, but no 
specific phenotype stood out.
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FIGuRE 5.3. Resistance (%) in clinical isolates of Staphylococcus aureus 
from skin of horses 2007-2014. The number of isolates each year 
varies (n=96-145).



SWEDRES |SVARM 201488

0% 

5% 

10% 

15% 

20% 

25% 

2006 2007 2008 2009 2010 2011 2012 2013 2014 

Ampicillin Enrofloxacin  

Nitrofurantoin  Trim-Sulph.  

R
es

is
ta

nc
e 

FIGuRE 5.4. Resistance (%) in clinical isolates of Escherichia coli from 
urine of dogs, 2005-2014. The number of isolates each year varies 
(n=304-943).

Six of seven E. coli isolates resistant to cefotaxime were further 
analysed for ESBL-production. Genes conferring trans-
missible ESBL or AmpC resistance were found in four of 
these isolates. For more information, see ESBL-producing 
Enterobacteriaceae in animals. 

Staphylococcus pseudintermedius
Isolates of Staphylococcus pseudintermedius are from clinical sam-
pling of skin, excluding wounds and abscesses. Occurrence 
of penicillin resistance due to beta-lactamase production 
was constantly high, 77% in 2014 and during the presented 
15 years between 75 and 90% (Table 5.18 and Figure 5.5). 
Occurrence of resistance to clindamycin, erythromycin, 
fusidic acid and/or tetracycline fluctuate slightly between 
the years, but remains at approximately the same levels since 
2004 (Figure 5.5). 

Multiresistance is common in S. pseudintermedius, between 
2009 and 2013 the figures have varied between 26 and 36%, 
and was in 2014, 34 % (173/513). Resistance to five or more 
antibiotics was observed in one fourth (44/173) of the multi-
resistant isolates (of all isolates 9%). The most common multi-
resistant phenotype was resistance to penicillin, clindamycin 

TABLE 5.17. Distribution of MICs and resistance (%) in Escherichia coli from dogs 2014. Clinical isolates from urine.

a Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim-sulphametoxazole); b n=943 for all substances, except colistin with 690 tested isolates.

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)
2014

n=943 b
≤0.12 0.25 0.5 1 2 4 8 16 32 >32

Ampicillin 13 51.4 33..6 1.7 13.3

Cefotaxime <1 99.3 0.2 0.5

Colistin 5 72.6 22.9 2.6 0.6 1.3

Enrofloxacin 7 93.2 2.3 2.4 1.0 0.1 1.0

Gentamicin <1 98.7 1.0 0.1 0.2

Nitrofurantoin <1 97.6 1.7 0.7

Tetracycline 5 87.2 6.7 1.5 4.7

Trim-Sulph.a 5 93.8 0.7 0.2 5.2

TABLE 5.18. Distribution of MICs and resistance (%) in Staphylococcus pseudintermedius isolated from clinical submissions of skin samples in dogs 2014.

a Denotes beta-lactamase production; b Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim/sulphamethoxazole).

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)
2014

n=513
≤0.12 0.25 0.5 1 2 4 8 16 32 >32

Cephalothin <1 99.8 0.2

Clindamycin 22 78.2 0.2 21.6

Enrofloxacin 2 68.4 27.1 5.2 1.2 0.4 0.8

Erythromycin 23 77.2 0.2 22.6

Fusidic acid 20 76.8 3.8 19.5

Gentamicin 2 97.1 0.8 1.8 0.2 0.2

Nitrofurantoin 0 99.6 0.4

Oxacillin <1 99.6 0.4

Penicillina 77

Tetracycline 23 77.0 23.0

Trim-Sulph.b 4 82.1 13.3 0.8 0.2 3.7
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and erythromycin in 15% (25/173) of all multiresistant iso-
lates. This phenotype was present in 37% (65/173) of the 
isolates resistant also to four or more substances, most com-
monly combined with resistance to enrofloxacin, fusidic acid 
and/or tetracycline. 

One MRSP isolate was found in this material. For more 
information on MRSP isolated from dogs, see Notifiable dis-
eases, MRSP in animals.

Staphylococcus schleiferi
Isolates of Staphylococcus schleiferi are from clinical sampling 
of various locations, mainly external ear canal, skin or wound. 
The proportion of resistance in the presented isolates of S. 
schleiferi (Table 5.19) seems lower than in isolates of S. pseud-
intermedius from dogs (Table 5.18), but also lower compared 
to S. aureus in horses (Table 5.16) and S. felis in cats (Table 
5.23). For example the occurrence of beta-lactamase produc-
tion in the tested S. schleiferi isolates was only 4%, compared 
to 77% in S. pseudintermedius, and 18% in both S. felis and 
S. aureus. However, the occurence of resistance to one sub-
stance, enrofloxacin, is relatively high for the otherwise sus-
ceptible S. schleiferi (11%) compared to S. pseudintermedius 
(2%), S. aureus (3%) and S. felis (0%). 

No further identification, to separate S. schleiferi in sub-
species (subsp. schleiferi and subsp coagulans) was carried out. 
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FIGuRE 5.5. Resistance (%) in clinical isolates of Staphylococcus 
pseudintermedius from skin of dogs 2004-2014. The number of 
isolates each year varies (n=89-566).

TABLE 5.20. Distribution of MICs and resistance (%) in Pseudomonas aeruginosa from dogs 2014. Clinical isolates from the external ear canal.

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)

2014
n=389 a

≤0.12 0.25 0.5 1 2 4 8 16 32 >32

Enrofloxacin 12 0.8 1.3 16.5 48.3 20.8 6.2 6.2

Colistin 1 65.6 28.5 5.0 0.3 0.7

Gentamicin 1 88.7 8.0 2.3 0.8 0.3

a  Colistin, 302 isolate tested. 

Pseudomonas aeruginosa
Isolates of Pseudomonas aeruginosa are from clinical sampling 
of the external ear canal.

Pseudomonas aeruginosa is inherently resistant to trimeth-
oprim-sulphonamides, tetracyclines and aminopenicillins 
(includ ing combinations with clavulanic acid). Svarm data 

a Denotes beta-lactamase production; b Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim/sulphamethoxazole).

TABLE 5.19. Distribution of MICs and resistance (%) in Staphylococcus schleiferi isolated from various locations in dogs 2014.

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)
2014

n=297
≤0.12 0.25 0.5 1 2 4 8 16 32 >32

Cephalothin 0 100

Clindamycin 4 96.3 3.7

Enrofloxacin 11 29.0 56.2 4.0 9.8 1.0

Erythromycin 4 95.3 0.3 0.3 4.0

Fusidic acid 3 95.3 1.3 3.4

Gentamicin 0 98.7 1.3

Nitrofurantoin 0 100

Oxacillin 0 100

Penicillina 4

Tetracycline 3 92.9 1.7 1.0 1.3 3.0

Trim-Sulph.b 1 96.3 1.7 1.0 1.0

a Denotes beta-lactamase production; b Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim/sulphamethoxazole).
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prior to 2014 cover P. aeruginosa isolates of the described  
category tested with polymyxin B, and all tested isolates have 
been sensitive to the substance. In 2014 polymyxin B was 
replaced by colisitin as representative for polymyxines and 
three of 302 tested isolates (1%) were resistant to colistin. This 
may be true resistance or due to methodological errors, but 
the isolates were not available for further analyses. A trend 
of gradually declining resistance to enrofloxacin, from 25% 
in 2009 to 14% in 2013 and 12% in 2014 could be observed. 
The figures for gentamicin have also dropped from 5% in 
2009 to 1% in 2013-2014 (Table 5.20). 

Pasteurella
Isolates of Pasteurella spp. are from clinical sampling of vari-
ous locations, but mainly from wound or skin, external ear 
canal and the respiratory tract. Pasteurella canis was the most 
commonly detected species of the included clincal isolates 
(n=207), while P. multocida was second most common (n=29). 
As shown in Table 5.21, resistance to antibiotics of the tested 
P. canis isolates are low. Furthermore, all P. multocida isolates 
(n=29) were susceptible to all the tested antibiotics (data not 
shown).

Cut-off values for resistance of P. canis isolates in Table 
5.21 are the same as used for P. multocida.

Cats

Escherichia coli
Isolates are from clinical sampling of urine, submitted either 
as urine or cultures from dip-slides or other agar plates. In 
2014 resistance to ampicillin was still the most common trait 
(Table 5.22 and Figure 5.6). Since 2007, the rate of resistance 
has differed somewhat between the years, but overall the  
figures seem rather stable (Figure 5.6). 

Of the tested E. coli isolates in 2014, 3% (14/461) was 
multiresistant which is comparable to figures in 2010-2011 
(3%) and 2012 (2%). Of the 14 multiresistant isolates were 
12 resistant to three substances and 2 to 4 substances. All 14 
of the multiresistant isolates were resistant to ampicillin, 8 to 
tetracycline and 7 to trimethoprim-sulphametoxazole. 

Five E. coli isolates were resistant to cefotaxime. Genes 
conferring transmissible ESBL or AmpC resistance were 
found in one of these isolates. For more information see 
ESBL-producing Enterobacteriaceae in animals.

Staphylococcus felis 
Isolates of Staphylococcus felis are from clinical sampling of 
various locations, but mainly external ear canal or other skin 
location, abscess or wound. S.felis is the only coagulase nega-

TABLE 5.21. Distribution of MICs and resistance (%) in Pasteurella canis. Clinical isolates from dogs 2014. 

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)

2014
n=207

≤0.12 0.25 0.5 1 2 4 8 16 32 >32

Ampicillin 0 100

Enrofloxacin 1 98.6 1.0 0.5 0.4

Gentamicin 0 100

Penicillin <1 97.6 1.9 0.5

Tetracycline <1 99.5 0.5

Trim-Sulph.a 0 99.5 0.5 0.4

a Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim-sulphametoxazole).

TABLE 5.22. Distribution of MICs and resistance (%) in Escherichia coli isolated from cats 2014. Clinical isolates from urine.

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)

2014
n=461 b

≤0.12 0.25 0.5 1 2 4 8 16 32 >32

Ampicillin 16 63.8 19.7 0.9 15.6

Cefotaxime 1 98.9 0.2 0.9

Colistin 3 74.6 21.9 2.5 0.6 0.3

Enrofloxacin 7 93.5 3.3 2.0 0.7 0.2 0.4

Gentamicin 0 99.1 0.9

Nitrofurantoin <1 25.8 71.1 2.4 0.7

Tetracycline 9 3.9 81.1 5.2 1.1 8.7

Trim-Sulph. a 2 97.4 0.2 2.4

a Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim-sulphametoxazole); b Colisitin tested isolates n=319.
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tive staphylococci in this material of clinical isolates from dif-
ferent animal species. 

The proportions of resistance to the tested antibiotics in 
clinical isolates of S. felis (Table 5.23) seems comparable to 
those of S. aureus isolates from horses (Table 5.16) and lower 
compared to those of S. pseudintermedius in dogs (Table 5.18). 
For example resistance to penicillin due to beta-lactamase 
production was 18% in S. felis (cats) and S. aureus (horses), 
but 77% in S. pseudintermedius (dogs).

Pasteurella
Isolates of Pasteurella spp. are from clinical sampling of vari-
ous locations, but mainly from wound or skin, external ear 
canal and the respiratory tract. Pasteurella multocida (approxi-
mately equal between subsp. septica and multocida) was the 
most commonly detected Pasteurella in the presented clin-
cal material from cats (n=244), while P. dagmatis was second 
most common (n=20). As shown in Table 5.24 the proportion 
of resistance to antibiotics used in pets was low in the tested 
P. multocida isolates. All twenty isolates of P. dagmatis were 
susceptible to all the tested antibiotics (data not shown). Cut-
off values for resistance of P. dagmatis isolates are the same as 
used for P. multocida. 
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FIGuRE 5.6. Resistance (%) in clinical isolates of Escherichia coli from 
urine of cats, 2007-2014. The number of isolates each year varies 
(n=131-461).

TABLE 5.23. Distribution of MICs and resistance (%) in Staphylococcus felis isolated from various locations in cats 2014. 

a Denotes beta-lactamase production; b Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim/sulphamethoxazole).

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)
2014

n=244
≤0.12 0.25 0.5 1 2 4 8 16 32 >32

Cephalothin <1 99.6 0.4

Clindamycin 7 92.2 0.8 7.0

Enrofloxacin 0 88.9 10.7 0.4

Erythromycin 9 89.3 2.0 0.4 8.2

Fusidic acid 3 95.5 2.0 2.5

Gentamicin 0 99.6 0.4

Nitrofurantoin 0 99.2 0.8

Oxacillin 0 100

Penicillina 18

Tetracycline 1 98.4 0.8 1.2

Trim-Sulph.b 0 98.8 1.2

TABLE 5.24. Distribution of MICs and resistance (%) in Pasteurella multocida. Clinical isolates from cats 2014.

Antibiotic Resistance (%) Distribution (%) of MICs (mg/L)

2014
n=244

≤0.12 0.25 0.5 1 2 4 8 16 32 >32

Ampicillin 0 100

Enrofloxacin 2 96.3 1.6 0.4 0.4 0.4 0.4 0.4

Gentamicin 2 46.3 47.5 4.1 0.8 1.2

Penicillin 0 85.2 14.3 0.4

Tetracycline <1 98.7 0.4 0.8

Trim-Sulph.a 3 94.7 2.0 0.4 2.9

a Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim-sulphametoxazole).
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Indicator bacteria from animals

In programmes monitoring antibiotic resistance in the veter-
inary field, Escherichia coli, Enterococcus faecalis and Enterococcus 
faecium from the enteric flora of healthy animals or from the 
flora contaminating food serve as indicators for the pres-
ence of acquired resistance. The level of resistance in these 
so called indicator bacteria reflects the magnitude of the 
selective pressure from antibiotic use in an animal popula-
tion. Moreover, although these bacteria are unlikely to cause 
disease they can be reservoirs for resistance genes that can 
spread to bacteria causing infections in animals or humans. 
Resistance in indicator bacteria contaminating meat indi-
cates the potential exposure of humans to such reservoirs 
among farm animals through the food chain.

In 2014, indicator bacteria from broilers and turkeys were 
studied. Samples of intestinal contents were collected at 
slaughter and cultured for E. coli and samples from broilers 
were also cultured for enterococci. In addition, all samples 
were also screened for E. coli resistant to extended spectrum 
cephalosporins (ESC) by selective culture on media supple-
mented with cefotaxime. For details on methodology see 
Material and methods, resistance in bacteria from animals.

TABLE 6.1. Resistance (%) and multiresistance (%) in indicator Escherichia coli from broilers and turkeys, 2014. Data on indicator Escherichia coli from 
previous Svarm-reports are given for comparison.

a Ciprofloxacin and nalidixic acid as well as cefotaxime and ceftazidime considered as one antibiotic class.

Antibiotic ECOFF

(mg/L)

Resistance (%)

Broilers Turkeys Broiler
meat

Calves Laying
hens

Pigs Pig
meat

Sheep Horses Dogs

2014
n=197

2014
n=59

2012
n=92

2013
n=197

2012
n=61

2011
n=167

2011
n=20

2006-09
n=115

2010-11
n=274

2012
n=74

Ampicillin >8 9 25 18 1 3 13 30 2 2 9

Cefotaxime >0.25 0 2 0 0 2 <1 0 0 0 1

Ceftazidime >0.5 0 2 - 0 - - - - - -

Chloramphenicol >16 0 3 0 0 0 4 0 0 <1 0

Ciprofloxacin >0.06 11 3 4 1 5 2 10 <1 <1 3

Colistin >2 0 0 1 0 0 0 0 - <1 0

Gentamicin >2 0 0 3 0 2 1 0 3 <1 0

Meropenem >0,12 0 0 - - - - - - - -

Nalidixic acid >16 11 2 4 <1 5 2 0 0 <1 0

Sulphamethoxazole >64 13 17 16 2 8 17 10 7 15 4

Tetracycline >8 10 24 14 3 13 8 0 <1 2 8

Tigecycline >1 0 0 - - - - - - - -

Trimethoprim >2 8 5 7 1 5 11 10 2 16 1

Multiresistancea

Susceptible to all above 75 44 66 95 80 72 70 89 83 84

Resistant to 1 14 43 18 3 7 13 10 9 2 8

Resistant to 2 3 4 7 2 7 4 5 2 12 7

Resistant to 3 2 10 3 <1 7 5 15 <1 2

Resistant to >3 6 5 6 <1 <1

Escherichia coli

Broilers
Escherichia coli was isolated from 197 (99%) of 200 samples 
cultured. The majority of isolates (75%) was susceptible 
to all antibiotics tested, but one fourth of the isolates was 
resistant to one antibiotic or more (Table 6.1). Resistance 
to sulphonamides (13%), quinolones (nalidixic acid and cip-
rofloxacin) (11%), tetracycline (10%), ampicillin (9%) and 
trimethoprim (8%) were the most common traits. Sixteen 
isolates (8%) were multiresistant and all of these had resist-
ance to sulphonamides and ampicillin in their phenotype. 
Twelve of these isolates were resistant also to trimethoprim 
and tetra cycline.

Since the start of the monitoring in year 2000, resistance 
to single antibiotics has been below 15% and mostly sta-
ble. This favorable situation is likely due to the limited use 
of antibiotics in broiler production in Sweden (see Use of 
antibiotics in animals). Resistance to sulphonamides, tetra-
cycline, ampicillin, trimethoprim and to quinolones has, 
however, gradually increased in recent years, although the 
levels this year are lower than in 2012 except for sulphona-
mides (Fig 6.1). The reasons for the increase are not known 
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FIGuRE 6.1. Percent resistance in Escherichia coli from broilers 2000-2014. The number of isolates each year varies (n=194-307).

TABLE 6.2. Distribution of MICs and resistance (%) in Escherichia coli from intestinal content from broilers (n=197) and turkeys (n=59), 2014.

Antibiotic Source Resis-
tance

%

Distribution (%) of MICs (mg/L)

≤0.016 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 256 512 1024 >1024

Ampicillin
Broilers 9 4.6 56.9 28.4 1.0 9.1

Turkeys 25 3.4 44.1 27.1 25.4

Azithromycin
Broilers NRa 3.6 54.8 40.1 1.5

Turkeys NRa 6.8 37.3 55.9

Cefotaxime
Broilers 0 100

Turkeys 2 98.3 1.7

Ceftazidime
Broilers 0 100

Turkeys 2 98.3 1.7

Chloramphenicol
Broilers 0 100

Turkeys 3 96.6 1.7 1.7

Ciprofloxacin
Broilers 11 84.3 4.6 7.1 3.6 0.5

Turkeys 3 88.1 8.5 3.4

Colistin
Broilers 0 99.5 0.5

Turkeys 0 100

Gentamicin
Broilers 0 76.1 21.3 2.5

Turkeys 0 66.1 30.5 3.4

Meropenem
Broilers 0 99.5 0.5

Turkeys 0 98.3 1.7

Nalidixic acid
Broilers 11 88.3 0.5 9.1 1.5 0.5

Turkeys 2 96.6 1.7 1.7

Sulphamethoxazole
Broilers 13 13.2 44.7 25.4 4.1 12.7

Turkeys 17 5.1 23.7 42.4 11.9 5.1 11.9

Tetracycline
Broilers 10 89.8 0.5 0.5 0.5 5.1 3.6

Turkeys 24 74.6 1.7 1.7 5.1 8.5 8.5

Tigecycline
Broilers 0 99.5 0.5

Turkeys 0 100

Trimethoprim
Broilers 8 53.8 35.0 3.6 7.6

Turkeys 5 67.8 27.1 5.1

≤0.016 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 256 512 1024 >1024

a Not relevant because no ECCOFF is available
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but could be due to spread of multiresistant clones without a 
selective pressure from antibiotic use.

Using selective culture, ESC resistant E. coli was isolated 
from 72 (36%) of the 200 samples of intestinal content from 
broilers. One isolate had resistance genes of the CTX-M-1 
group and 70 isolates genes of the CIT-group. In one isolate 
genes conferring transmissible ESBL or AmpC resistance 
were not detected. For details and comments see Notifiable 
diseases.

Turkeys
Escherichia coli was isolated from 59 of 60 samples cultured 
(98%). About half of the isolates (44%) was susceptible to 
all antibiotics tested but 33 isolates (56%) were resistant to 
at least one substance (Table 6.1). Resistance to ampicillin 
(25%), tetracycline (24%) and sulphonamides (17%) were the 
most common traits. Six isolates (10%) were multiresistant 
and of these, four isolates were resistant to both ampicillin and 
tetracycline in addition to other antibiotics. One isolate was 
resistant to cefotaxime and ceftazidime but genes conferring 
transmissible ESBL or AmpC resistance were not detected.

Resistance to single antibiotics is of the same magnitude as 
in 2013 when E. coli from turkeys were first studied in Svarm. 
The total number of isolates tested 2013-2014 is, however, 
small and the results should therefore be interpreted with 
caution. Resistance in E. coli from turkeys is about as preva-
lent as among isolates from broilers and involves the same 
antibiotics (Table 6.1). Quinolone resistance, however, seems 
to be more common in E. coli from broilers than in isolates 
from turkeys and the opposite applies for ampicillin, tetracy-
cline and sulphonamide resistance.

Using selective culture, ESC resistant E. coli was isolated 
from 12 (20%) of the 60 samples cultured. Genes conferring 
transmissible ESBL or AmpC resistance were not found in 
any of these isolates. For details and comments see Notifiable 
diseases. 

Enterococcus

Broilers
A total of 27 isolates of Enterococcus faecalis and 187 isolates 
of Enterococcus faecium were obtained from 200 samples cul-
tured.

In E. faecalis the majority of isolates (70%) was resistant to 
at least one antibiotic but no isolate was multiresistant (Table 
6.3). Resistance to narasin (41%) or tetracycline (37%) were 
the most common traits and resistance to erythromycin or 
bacitracin occurred at lower levels. The number of isolates 
tested is small and conclusions on occurrence of resistance 
must be made with caution. The findings are however in 
agreement with previous data from Svarm and the levels of 
resistance seem stable or slightly decreasing (Fig 6.2).

In E. faecium the majority of isolates (85%) was resistant 
to at least one antibiotic and six isolates (3%) were multire-
sistant (Table 6.4). Resistance to narasin was the most com-
mon trait (77%) and resistance to erythromycin, bacitracin, 
tetracycline, ampicillin, gentamicin, virginiamycin and van-
comycin also occurred but at much lower levels. One isolate 
was phenotypically resistant to vancomycin (MIC 8 mg/L) 
but vanA or vanB genes were not detected in the isolate when 
tested by PCR. The findings are in agreement with previous 
data from Svarm and the levels of resistance seem stable or 
slightly decreasing (Fig 6.2).

Use of antibiotics in poultry is uncommon in Sweden 
(see Use of antibiotics in animals) and it is unlikely that the 
observed resistance to erythromycin, tetracycline and baci-
tracin is due to a direct selection pressure from use of anti-
biotics on poultry farms in Sweden. The high occurrence of 
resistance to the ionophore narasin in both E. faecalis and  
E. faecium are, however most likely a consequence of the 
common use of narasin as coccidiostat in broiler production 
(see Use of antibiotics in animals). Notably resistance to nar-
asin in enterococci from other animals, where narasin is not 
used, is rarely found in Sweden (Table 6.3 and 6.4).

FIGuRE 6.2. Percent resistance in Enterococcus faecalis and Enterococcus faecium from broilers, 2000-2014. The number of isolates each year varies; 
E. faecalis n=35-57 and E. faecium n=136-204
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TABLE 6.3. Resistance (%) and multiresistance (%) in Enterococcus faecalis from broilers, 2014. Data on indicator Enterococcus faecalis from previous 
Svarm-reports are given for comparison.

a MIC in U/ml

Antibiotic ECOFF

(mg/L)

Resistance (%)

Broilers Calves Broiler
meat

Laying
hens

Pigs Pig
meat

Horses Sheep Dogs

2014
n=27

2013
n=11

2012
n=78

2012
n=20

2011
n=22

2011
n=29

2010-11
n=34

2006-09
n=24

2006
n=135

Ampicillin >4 0 0 0 0 0 0 0 0 <1

Bacitracina >32a 7 0 23 10 0 0 0 0 1

Chloramphenicol >32 0 0 5 0 0 0 18 0 7

Erythromycin >4 7 0 13 10 43 0 21 0 14

Gentamicin >32 4 0 1 0 4 0 21 0 <1

Kanamycin >1024 0 0 0 0 4 0 21 0 4

Linezolid >4 0 0 1 0 0 0 0 0 0

Narasin >2 41 0 37 0 0 0 0 0 1

Streptomycin >512 0 0 5 0 17 3 9 4 9

Tetracycline >4 37 0 36 45 74 7 44 8 32

Vancomycin >4 0 0 0 0 0 0 0 0 0

Virginiamycin >32 0 0 0 0 0 0 0 0 0

Multiresistance (%)

Susceptible to all above 30 100 27 45 17 90 56 92 25

Resistant to 1 44 37 45 35 10 24 4 38

Resistant to 2 26 29 10 43 4 27

Resistant to 3 1 2

Resistant to >3 5 4 21 7

TABLE 6.4. Resistance (%) and multiresistance (%) in Enterococcus faecium from broilers, 2014. Data on indicator Enterococcus faecium from previous 
Svarm-reports are given for comparison. 

a MIC in U/ml

Antibiotic ECOFF

(mg/L)

Resistance (%)

Broilers Calves Broiler
meat

Laying
hens

Pigs Pig
meat

Horses Sheep Dogs

2014
n=187

2013
n=42

2012
n=10

2012
n=36

2011
n=22

2011
n=1

2010-11
n=27

2006-09
n=15

2006
n=29

Ampicillin >4 2 0 0 0 0 0 15 0 0

Bacitracin >32a 10 5 40 3 9 0 0 0 3

Chloramphenicol >32 0 0 0 0 0 0 0 0 0

Erythromycin >4 8 10 0 6 9 0 0 0 28

Gentamicin >32 0 2 0 0 0 0 0 0 0

Kanamycin >1024 0 2 0 0 9 0 0 0 0

Linezolid >4 0 0 0 0 0 0 0 0 0

Narasin >2 77 0 80 0 0 0 0 0 7

Streptomycin >128 0 0 0 0 13 0 7 7 0

Tetracycline >4 4 2 30 11 13 0 4 7 17

Vancomycin >4 <1 0 0 0 0 0 0 0 0

Virginiamycin >4 <1 0 10 8 4 100 4 0 0

Multiresistance (%)

Susceptible to all above 15 15 83 78 74 74 87 62

Resistant to 1 71 63 12 17 13 100 22 13 30

Resistant to 2 11 21 5 6 4 4 6

Resistant to 3 2 1

Resistant to >3 1 9 2
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TABLE 6.5. Distribution of MICs and resistance (%) in Enterococcus faecalis (n=27) and Enterococcus faecium (n=187) from broilers, 2014.

Antibiotic Bacterial
species

Resis-
tance

%

Distribution (%) of MICs (mg/L)

≤0.12 0.25 0.5 1 2 4 8 16 32 64 128 256 512 1024 2048 >2048

Ampicillin
E. faecalis 0 44.4 51.9 3.7

E. faecium 2 46.0 13.4 20.9 15.5 2.7 1.6

Bacitracina
E. faecalis 7 3.7 48.1 40.7 3.7 3.7

E. faecium 10 42.2 4.3 5.9 23.0 12.3 2.1 3.7 5.3 1.1

Chloramphenicol
E. faecalis 0 70.4 29.6

E. faecium 0 16.6 75.9 7.5

Erythromycin
E. faecalis 7 33.3 33.3 14.8 11.1 7.4

E. faecium 8 51.9 29.9 6.4 3.7 3.7 0.5 0.5 1.1 2.1

Gentamicin
E. faecalis 4 3.7 85.2 7.4 3.7

E. faecium 0 13.9 56.7 26.7 2.7

Kanamycin
E. faecalis 0 63.0 37.0

E. faecium 0 3.7 19.8 34.8 36.9 4.3 0.5

Linezolid
E. faecalis 0 29.6 48.1 22.2

E. faecium 0 13.9 51.3 34.8

Narasin
E. faecalis 41 7.4 18.5 3.7 3.7 25.9 40.7

E. faecium 77 1.6 2.1 3.2 1.6 14.4 66.3 10.7

Streptomycin
E. faecalis 0 74.1 25.9

E. faecium 0 2.1 17.6 52.4 26.7 1.1

Tetracycline
E. faecalis 37 25.9 33.3 3.7 18.5 14.8 3.7

E. faecium 4 81.3 12.3 2.1 1.1 0.5 1.1 1.6

Vancomycin
E. faecalis 0 77.8 22.2

E. faecium <1 98.4 1.1 0.5

Virginiamycin
E. faecalis 0 3.7 14.8 66.7 14.8

E. faecium <1 34.2 26.2 36.9 2.1 0.5

≤0.12 0.25 0.5 1 2 4 8 16 32 64 128 256 512 1024 2048 >2048

a MIC in U/ml
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Valuable information on risk factors for antibiotic resist-
ance could be gained by exploring and comparing resist-
ance among farm animals raised in different production 
systems. In organic pig production the use of antibiotics 
is more restricted than in conventional production, but 
there are also other differences. Factors such as herd size, 
animal contacts, feeding regimes, outdoor access and 
space allowance per pig could hypothetically also influ-
ence the occurrence of resistant bacteria. 

Several different aspects of antibiotic resistance in 
organic and conventional pig production were studied 
in the recently completed research project SafeOrganic 
funded by the CORE Organic II Funding Bodies, for fur-
ther information see: www.coreorganic2.org. One of the 
studies in the project focused on differences in antibiotic 
resistance between organic and conventional pig produc-
tion. Briefly, colon content and/or faeces from healthy 
pigs in Denmark, France, Italy and Sweden was col-
lected. The goal was to include 25 herds of each produc-
tion type from each country and two pigs from each herd. 
Samples were collected at abattoirs or on farms from pigs 
close to slaughter. Samples were cultured for Escherichia 
coli that were subsequently tested for antibiotic suscepti-
bility by determining the minimum inhibitory concen-
tration (MIC) of ten antibiotics using microdilution. 
MICs were interpreted by ECOFFs issued by EUCAST 
(www.eucast.org). In addition, as a quantitative measure 
of resistance in individual pigs the proportion of tetra-
cycline resistant E. coli in colon contents or faeces was 
determined from the ratio of counts of colonies on cul-
ture plates with tetra cycline and without tetracycline.

The results of the project are currently being prepared 
for publication but some preliminary data are presented 
here. In all four countries resistance to ampicillin, strep-
tomycin, sulphonamides or trimethoprim was less com-
mon in E. coli from organic than from conventional pigs 
but there were also differences in resistance between 
countries within production type. In some countries also 
resistance to tetracycline, chloramphenicol, ciprofloxacin, 
nalidixic acid or gentamicin was less common in organic 
pigs. In three of the countries the median sample propor-
tion of tetracycline resistant intestinal E. coli was lower in 
organic than in conventional pigs, except in Sweden where 
the resistance to tetracycline was generally low (Figure). 
Differences in the proportion of tetracycline-resistant  
E. coli between countries within production type were 
also observed with lower median proportions in Sweden 
and Denmark compared to France and Italy.

The results show that in each of the four countries 
resistance in intestinal E. coli is less common in organic 
than in conventional pigs and additionally that there are 
differences in resistance between countries within pro-
duction type. This illustrates that country specific and 
production specific factors may interact, both contribut-
ing to occurrence of resistance. Thus, the findings sug-
gest that not only a low consumption of antibiotics but 
also other factors may contribute to occurrence of resist-
ance. If those factors could be identified, the informa-
tion would be useful for designing measures to mitigate 
resistance and therefore future studies should be focused 
on identifying them.

SafeOrganic – studies on antibiotic resistance  
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Institute, Sweden; University of Copenhagen, Denmark; Veterinary Research Institute, Czech Republic
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FIGuRE. The distribution of the proportion of tetracycline resistant Escherichia coli in samples of colon contents or faeces from 430 pigs in  
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TABLE 7.1. Population by county and age group. December 31st 2014.

Human beings

Background data, material, metods and references 

Demographics and denominator data

0-6 years 7-19 years 20-64 years 65-79 years 80 years- All ages

 Stockholm 202 618 314 385 1 309 052 251 770 85 217 2 163 042

 Uppsala 28 966 49 684 205 011 46 544 15 276 345 481

 Södermanland 22 363 41 534 153 272 44 984 15 416 277 569

 Östergötland 35 599 63 294 251 874 63 345 23 736 437 848

 Jönköping 28 352 51 707 191 540 49 641 19 995 341 235

 Kronoberg 15 243 27 467 105 382 27 771 11 293 187 156

 Kalmar 16 761 32 009 129 149 40 896 15 059 233 874

 Gotland 4 017 7 710 32 129 9 937 3 368 57 161

 Blekinge 11 457 21 535 84 353 25 957 9 455 152 757

 Skåne 110 088 180 090 739 599 178 187 66 105 1 274 069

 Halland 25 314 46 487 170 867 47 124 17 048 306 840

 Västra Götaland 135 824 229 918 943 911 222 346 83 085 1 615 084

 Värmland 19 821 37 496 153 705 45 227 17 566 273 815

 Örebro 23 426 41 291 161 296 43 803 15 579 285 395

 Västmanland 20 507 37 425 145 942 40 530 14 650 259 054

 Dalarna 20 662 39 148 153 213 47 050 17 276 277 349

 Gävleborg 20 389 39 106 154 663 47 159 16 653 277 970

 Västernorrland 17 974 34 286 133 889 41 151 14 856 242 156

 Jämtland 9 590 17 603 70 767 20 718 7 783 126 461

 Västerbotten 20 510 36 499 151 526 38 544 14 033 261 112

 Norrbotten 17 337 34 236 141 789 41 806 14 268 249 436

 Sweden 806 818 1 382 910 5 582 929 1 374 490 497 717 9 644 864

TABLE 7.2. Population in Sweden 2000-2014 - Number represent the population by December 31st 2014.

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Population 8882792 8909128 8940788 8975670 9011392 9047752 9113257 9182927 9256347 9340682 9415570 9482855 9555893 9644864

TABLE 7.3. Number of admissions and patient-days in somatic medical 
care in Sweden, 2009-2013

Year Admissions Patient-days

2010 1473835 6958834

2011 1496324 6979857

2012 1514608 6859956

2013 1385962 6144504

TABLE 7.4. Number of admisions and paitent-days in somatic medical 
care 2013. Data represent production by acute care hospitals in the 
counties.

County Admissions Patient-days

Blekinge 23906 119436

Dalarna 46829 197578

Gotland 9776 41628

Gävleborg 37348 161958

Halland 42884 186426

Jämtland 18719 87576

Jönköping 56083 240222

Kalmar 42855 160023

Kronoberg 26423 124862

Norrbotten 38793 184320

Skåne 193500 868293

Stockholm 235036 897561

Södermanland 36294 180197

Uppsala 56542 287668

Värmland 40654 191352

Västerbotten 50639 241877

Västernorrland 37843 171817

Västmanland 38094 176128

Västra Götaland 241812 1131076

Örebro 45003 216246

Östergötland 66929 278260

Sweden 1488460 6776274
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Animals

Agricultural statistics are provided by Statistics Sweden in 
collaboration with the Board of Agriculture. The statistics 
are published annually as a Yearbook of Agricultural Statistics 
and continuously as Statistical Messages (SM) available on 
the websites for Statistics Sweden (www.scb.se) or the Board 
of Agriculture (www.jordbruksverket.se). Annual figures on 
number of animals and holdings are given in Table 7.6 & 7.7 
and on numbers and volumes of animals slaughtered in Table 
7.8. & 7.9. In brief, the number of dairy cows, pigs and laying 
hens has decreased notably over the last three decades while 

during the same time, herd size has increased. In the same 
period, the number of beef cows, sheep and chickens reared 
for slaughter has increased.

Data on the number of dogs and cats are also available 
from the Board of Agriculture. In a study 2012 the numbers 
of dogs and cats in Sweden were estimated to 784 000 and  
1 159 000, respectively. The number of households with dogs 
was estimated to 572 000 and the number of households with 
cats to 745 000. This represents an increase by 8% in the 
number of dogs and a decrease by 8% in the number of cats 
since the most recent study carried out in 2006.
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Aleris  
Medilab

965 0 10520 4212 10626 19054 43496 9280 1336 122 4645 663 876 10490 272

Borås 19605 189 4923 1859 6820 3267 23994 5085 1902 2521 4797 364 479 7220 145

Eskilstuna 
(Unilabs)

13611 148 5857 2900 7441 2469 28971 4790 1875 2303 4607 768 692 7654 271

Falun 19028 213 4443 1358 11377 4896 31001 3932 2019 1856 5491 542 567 9075 279

Gävle 13736 248 2712 969 12615 25249 24328 3119 2282 1978 5072 427 360 8629 386

Göteborg 43979 1525 1952 3447 19581 39446 66251 10561 4540 5550 11144 583 1136 16126 468

Halmstad 13570 136 2597 2211 8239 8542 26596 6038 2056 2030 4670 520 586 8600 323

Jönköping 22300 236 6100 2960 17100 23300 39500 7050 2920 3070 8020 500 501 11790 460

Kalmar 13301 146 4009 1667 8502 4444 28756 4446 1651 1811 4950 553 434 9605 267

Karlskrona/ 
Växjö

19500 193 6339 2054 11210 8376 35000 6067 3642 2363 4632 571 586 10300 482

Karlstad 19139* 262 3638 2358 13422 8054 36751 4096 2024 3735* 6260 459 627 9931 244

Karolinska 
Stockholm

88553 2801 30932 9075 79760 264327 158701 21354 11502 11606 30717 2646 3026 42474 1323

Linköping 24696 959 7194 2771 23505 9707 46676 5462 3487 2644 4776 427 699 9060 333

Lund/Malmö 71033 1912 17841 11222 30969 49947 161792 25717 10253 9390 22842 2204 2751 44779 1223

Skövde  
(Unilabs)

14064 137 3967 2629 14721 11009 55829 9325 2968 1415 7751 282 703 13715 333

S:t Göran 
(Unilabs)

12115 88 7121 2200 12243 52109 46630 8955 3419 1278 6196 658 865 11876 494

Sunderby 
Luleå

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Sundsvall 14194 152 2129 1291 6704 5749 27328 3655 2107 2121 3824 406 389 8562 327

NÄL  
Trollhättan 

20320 234 1936 1450 9089 17518 32439 3837 1906 2394 4999 258 469 9020 255

Umeå 16079 531 3673 1795 8217 7478 30847 3326 1843 1599 4990 508 630 9769 385

Uppsala 21196 957 7187 2616 16662 15143 35915 5148 3581 2366 6519 662 599 9410 562

Visby 4669 36 2109 382 3013 NP 6764 935 488 460 1560 208 144 2171 36

Västerås 14164 165 2713 1646 9883 4135 28771 4293 2230 2149 4171 320 347 9436 367

Örebro 17530 251 10437 1677 15380 8695 33882 5795 2936 2019 7049 1137 693 8727 380

Östersund 7612 110 2512 1158 6879 4734 18379 2539 1294 953 3216 333 NP 5994 242

Total 524959 11629 152841 65907 363958 597648 1068597 164805 74261 67733 172898 15999 18159 294413 9857

*not pair; NP, not performed; NA, data not available    

TABLE 7.5. Denominator data from the microbiological laboratories 2014. 
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TABLE 7.6. Number of livestock and horses (in thousands) 1980-2014. From Yearbook of agricultural statistics for selected years, Statistical message 
JO 24 SM 1101 and the statistical database of the Board of Agriculture.

a For 1980 and 1985 only cattle and sheep at premises with more than 2 ha counted; b Before 1995, the figure denotes pigs above 3 months of age; c Before 1995, the figure 
denotes pigs below 3 months of age; d Data from 2004.         

Animal Species 1980a 1985a 1990 1995 2000 2005 2010 2012 2013 2014

Cattle

Dairy cows 656 646 576 482 428 393 348 348 346 344

Beef cows 71 59 75 157 167 177 197 193 193 186

Other cattle >1 year 614 570 544 596 589 527 513 479 499 490

Calves <1 year 595 563 524 542 500 509 479 481 468 472

Total, cattle 1 935 1 837 1 718 1 777 1 684 1 605 1 537 1 500 1 506 1 492

Sheep

Ewes and rams 161 173 162 195 198 222 273 297 286 287

Lambs 231 252 244 266 234 249 292 314 297 301

Total, sheep 392 425 406 462 432 471 565 611 585 588

Pigs

Boars and sows 290 260 230 245 206 188 156 142 150 145

Fattening pigs >20 kg b 1 254 1 127 1 025 1 300 1 146 1 085 937 851 851 857

Piglets <20kg c 1 170 1 113 1 009 769 566 539 427 370 397 376

Total, pigs 2 714 2 500 2 264 2 313 1 918 1 811 1 520 1 363 1 397 1 378

Laying hens

Hens 5 937 6 548 6 392 6 100 5 670 5 065 6 061 6 735 6 874 6 549

Chickens reared for laying 2 636 2 159 2 176 1 812 1 654 1 697 1 647 1 551 1 708 1 713

Total, hens 8 573 8 708 8 568 7 912 7 324 6 762 7 707 8 286 8 582 8 262

Turkeys

Total, turkeys 122 130 80

Horses

Total, horses 283d 363

TABLE 7.7. Number of holdings with animals of different types, 1980-2014. From the Yearbook of agricultural statistics for selected years and the  
statistical database of the Board of Agriculture.

Animal Species 1980 1985 1990 1995 2000 2005 2010 2012 2013 2014

Cattle

Dairy cows 44 143 35 063 25 921 17 743 12 676 8 548 5 619 4 968 4 668 4 394

Beef cows 12 436 10 310 10 883 17 069 13 861 12 821 12 190 11 375 11 092 10 663

Other cattle >1 year 63 179 52 652 42 696 39 160 30 457 24 808 20 295 18 182 17 824 17 094

Calves <1 year 62 314 52 001 41 986 36 542 27 733 22 888 18 494 17 001 16 306 15 706

Total holdings with cattle 70 503 58 872 47 292 41 990 32 063 26 179 21 586 19 561 18 962 18 210

Sheep 10 238 10 595 9 749 10 037 8 089 7 653 8 657 9 263 8 869 8 912

Pigs 26 122 19 937 14 301 10 753 4 809 2 794 1 695 1 318 1 281 1 282

Laying hens 23 603 17 531 12 900 9 593 5 678 4 916 3 703 3 876 4 149 3 878

Chickens reared for laying 5 093 2 714 1 875 1 405 715 634 487 673 629 760

Broilers 234 181 217 242 260

Turkeys 383 102 126

Horses 56 000a 78 000

a Data from 2004. 
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TABLE 7.8. Number of animals slaughtered (in thousands) at slaughterhouses, 1980-2014. From the Yearbook of agricultural statistics for selected years 
and and the statistical database of the Board of Agriculture.

a Data supplied by the National Food Administration.  

Animal Species 1980 1985 1990 1995 2000 2005 2010 2011 2012 2013 2014

Cattle

Cattle >1 year 574 584 523 502 490 433 425 429 392 391 405

Calves < 1 year 130 152 70 30 39 33 27 27 29 27 26

Total, cattle 704 736 593 532 529 466 453 456 421 418 431

Sheep 302 328 280 189 202 206 255 262 260 281 258

Pigs 4 153 4 283 3 653 3 743 3 251 3 160 2 936 2 845 2 592 2 556 2 553

Broilers 40 466a 36 410a 38 577a 61 313 68 617 73 458 78 507 78 182 76 840 83 265 89 681

Turkeys 495 574 466 452 420

TABLE 7.9. Quantity of livestock slaughtered (in 1000 tonnes) at slaughterhouses, 1990-2014. From the Yearbook of Agricultural Statistics for selected 
years and and the statistical database of the Board of Agriculture.

a Data supplied by the National Food Administration.

Animal Species 1990 1995 2000 2005 2010 2012 2013 2014

Cattle

Cattle >1 year 139.5 140.1 145.4 131.4 133.5 121.0 121.9 127.5

Calves < 1 year 6.8 3.2 4.4 4.5 4.3 4.5 4.2 4.1

Total, cattle 146.3 143.3 149.8 135.9 137.8 125.5 126.1 131.5

Sheep 5.0 3.5 3.9 4.1 5.0 5.0 3.9 4.1

Pigs 293.1 308.8 277.0 275.1 263.5 233.7 234.6 235.3

Broilers 44.0a 73.6a 89.9 96.2 112.0 109.7 116.8 128.7

Turkeys 3.2 3.0 2.9 3.3
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Legal framework and distribution of medicines

Marketing of drugs in Sweden is regulated by the Medicinal 
products Act, which applies both to human and veterinary 
medicinal products. According to this Act, a medicinal prod-
uct may not be sold until it has been granted marketing 
authorisation by the Medical Products Agency (MPA). In case 
there are no authorised medicinal products for a certain con-
dition, the MPA can permit special licence prescription for a 
medical product for a specified pharmacy, prescriber or clinic. 

Medicinal products have to be dispensed through pharma-
cies, which are supplied by drug wholesalers or manufactur-
ers. In outpatient care, antibiotic drugs (including medicated 
feed in veterinary use) may only be sold on prescriptions, 
ApoDos or requisitions. Prescribers (veterinarians or doctors) 
are not permitted to own a pharmacy or to otherwise sell 
medicinal products for profit. Veterinarians may deliver prod-
ucts to the animal care-taker in relation to examination of a 
case for self cost (no profit). In hospital care, both for human 
and animal, antibiotic drugs are bought on requisitions. 

All pharmacies in Sweden are required to provide statis-
tics on sales of all products on a daily basis to the Swedish 
eHealth Agency. This agency maintains a national database 
with sales statistics for all drugs and provides statistics to the 
competent national and regional authorities and to others on 
a commercial basis.

Feed mills may only mix antimicrobials in feed if they 
are controlled and authorised by the Swedish Board of 
Agriculture (SBA). The feed mills normally acquire the anti-
biotic products from a pharmacy. All quantities of antibiotic 
products used by feed mills are reported yearly to the SBA 
as part of the feed control. Mixing of antibiotics in feed may 
also take place on farms; provided that the SBA has inspected 
and authorised the establishment for the purpose. In such 
cases, the premix is sold by a pharmacy following prescrip-
tions from a veterinarian.

The ATC classification system  
and defined daily doses (DDD)

Since 1988, the Anatomical Therapeutic Chemical (ATC) and 
ATCvet classification system recommended by the WHO is 
used in Sweden for national drug statistics. For drugs sold 
for use in humans, to facilitate drug utilisation studies from 
a medical point of view, the concept of defined daily dose 
(DDD) is used as a unit of comparison in drug statistics. The 
DDD for a drug is established on the basis of the assumed 
average dose per day for the drug given to adults for its main 
indication. If possible, the DDD is given as the amount of 
active substance. The DDDs are usually equal for all dosage 
forms of a preparation. The statistical data systems of the 
Swedish eHealth Agency are upgraded yearly according to 
the recommendations made by the WHO Collaborating 
Centre for Drug Statistics methodology in Oslo, Norway. 
The DDDs used in this report are shown in Table 7.10. The 

sales of drugs are presented as number of DDDs per 1 000 
inhabitants and day (DDD/1 000 and day), which give an esti-
mate of the proportion of the population daily exposed to a 
particular drug. This figure is a rough estimate and should be 
interpreted with caution.

Antimicrobial consumption in humans

Swedish national statistics on drug utilization
Since 1975, the National Corporation of Swedish Pharmacies 
regularly produces sales statistics on drugs, for the country as 
a whole and for individual counties. The sales are registered 
as number of DDDs, cash value and number of packages. 
Out-patient care data includes information on the sales of 
drugs dispensed on prescription by all Swedish pharmacies 
by the prescription survey, running since 1974. The statisti-
cal material was until 1995 built of samples of dispensed pre-
scriptions. From 1996 all prescriptions dispensed by pharma-
cies are included. From 1999, ApoDos (individually packed 
doses of drugs often dispensed to elderly) is also included in 
the survey. Recorded data are trade name, quantity, patient 
fee, total cost, sex and year of birth of the patient. Data can 
be expressed as DDD/1000 and day or number of prescrip-
tions/1000 inhabitants. 

Hospital care data includes drugs delivered by all hospital 
pharmacies to the hospital departments (se bellow chapter 
Completeness of data). The sales are expressed as cash value, 
number of packages and number of defined daily doses.

Following the re-regulation of the pharmacy market in 
Sweden in July 2009, the responsibility for collection of med-
icines statistics was transferred to the core infrastructure sup-
plier for all pharmacies, Apotekens Service. In January 2014, 
the activity in the state-owned company Apotekens Service 
were transferred to the Swedish eHealth Agency.

The Swedish eHealth Agency (eHälsomyndigheten) aims 
to contribute to improved health care, care and the nation’s 
health by pursuing development of a national e-health infra-
structure. They are responsible for Sweden’s national drug 
statistics.

Completeness of data
Concerns have been raised that after the reregulation, the sta-
tistics on sales of medical products to hospitals in Sweden is less 
complete than before. In Sweden, pharmacies are required 
by law to report sales statistics to the Swedish eHealth 
Authority. However, after the reregulation of the pharmacy 
market, counties can choose to manage drug supplies to 
hospital by them self. If so, the counties are not required to 
report data to the national database. Since October 2013, 
one county has chosen to organize their own drug supplies 
organization for hospitals. 

Therefore, no national database with complete sales sta-
tistic is available at this time. Efforts have been made to com-
plement the data from the Swedish eHealth Agency with data 
from counties.

Materials and methods, consumption of antibiotics
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Definitions of DDD 2014

Data sources and inclusion criteria
Data on sales of antibiotics in outpatient care is obtained 
from the Swedish eHealth Agency. For the overall statis-
tics, the data include all antimicrobial products marketed in 
Sweden in the ATC classes J01 and J02. The data includes all 
sales of these products, even if the antimicrobial (J01 and J02) 
is prescribed by a veterinarian. Measures used are defined 
daily doses per 1000 inhabitants and day (DDD/1000 and 
day) and prescriptions per 1000 inhabitants. Every purchase 
of a medicine prescribed in outpatient care is also recorded in 
the Prescribed Drug Register, held by the Swedish National 
Board of Health and Welfare. This register provides the 

opportunity to link each prescription to an individual, which 
makes it possible to investigate the actual number of individ-
uals or the fraction of the population treated with a specific 
medicine.

Antibiotic consumption in hospital care is measured as 
DDD/1000 inhabitants and day and DDD/100 patient-days 
or admissions. The number of DDDs is obtained from the 
Swedish eHealth Agency and from local medicines statistics 
systems in the counties. The National Board of Health and 
Welfare has provided data on patient-days and admissions to 
hospitals. Admission is calculated as number of discharges 
(one patient can be discharged and admitted multiple times if 

TABLE 7.10. DDD for all antibiotic substances (J01) sold in Sweden in 2014. Substances are sorted according to ATC-code.

 DDD (g)

J01AA02 – doxycycline 0.1

J01AA04 – lymecycline 0.6

J01AA06 - oxitetracycline 1

J01AA07 - tetracycline 1

J01AA12 - tigecycline 0.1

J01BA01 - chloramphenicol 3

J01CA01 - ampicillin 2

J01CA04 - amoxicillin 1

J01CA08 - pivmecillinam 0.6

J01CE01 - benzylpenicillin 3.6

J01CE02 - fenoximethylpenicillin 2

J01CF02 - cloxacillin 2

J01CF05 - flucloxacillin 2

J01CR02 - amoxicillin and enzyme inhibitor-oral 1

J01CR05 - piperacillin and enzyme inhibitor 14

J01DB01 - cefalexin 2

J01DB03 - cefalotin 4

J01DB05 - cefadroxil 2

J01DC02 - cefuroxime- parenteral 3

J01DC02 - cefuroxime - oral 0.5

J01DC08 - loracarbef 0.6

J01DD01 - cefotaxime 4

J01DD02 - ceftazidime 4

J01DD04 - ceftriaxon 2

J01DD08 - cefixime 0.4

J01DD14 - ceftibuten 0.4

J01DE01 - cefepime 2

J01DF01 - aztreonam - parenteral 4

J01DF01 - aztreonam - inhalation 0.225

J01DH02 - meropenem 2

J01DH03 - ertapenem 1

J01DH51 - imipenem and enzyme inhibitor 2

 DDD (g)

J01EA01 - trimethoprim 0.4

J01EC02 - sulfadiazin 0.6

J01EE01 - sulfamethoxazol and trimethoprim 1.92

J01FA01 - erythromycin 1

J01FA01-  erythromycin erythylsuccinat tablets 2

J01FA06 - roxithromycin 0.3

J01FA09 - clarithromycin - oral 0.5

J01FA10 - azithromycin - parenteral 0.5

J01FA10 - azithromycin - oral 0.3

J01FA15 - telithromycin 0.8

J01FF01 - clindamycin - parenteral 1.8

J01FF01 - clindamycin - oral 1.2

J01GB01 - tobramycin - parenteral 0.24

J01GB01 - tobramycin - oral inhalation solution 0.3

J01GB01 - tobramycin - oral inhalation powder 0.112

J01GB03 - gentamicin 0.24

J01GB06 - amikacin 1

J01GB07 - netilmicin 0.35

J01MA01 - ofloxacin 0.4

J01MA02 - ciprofloxacin - parenteral 0.5

J01MA02 - ciprofloxacin - oral 1

J01MA06 - norfloxacin 0.8

J01MA12 - levofloxacin 0.5

J01MA14 - moxifloxacin 0.4

J01XA01 - vancomycin 2

J01XA02 - teicoplanin 0.4

J01XB01 - colistin 3 MU

J01XC01 - fusidic acid 1.5

J01XD01 - metronidazole 1.5

J01XE01 - nitrofurantoin 0.2

J01XX04 - spectinomycin 3
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transferred between wards during one hospital stay). Patient-
day is calculated as each additional day during one hospital 
stay. The number of patient-days and admissions includes 
data on somatic medical care by each county (to be distin-
guished from consumption of the county’s inhabitants).

The Swedish Prescribed Drug Register
Since July 2005, the Swedish National Board of Health and 
Welfare supplies an individually based register on all drugs 
prescribed and dispensed in outpatient care. Among others 
this data gives information on the number of individuals 
treated with at least one course of antibiotics during a spe-
cific period of time, i.e. number of users per 1000 inhabitants 
and year (Users/1000/year). It is also possible to follow the 
number of purchases per person.

Number of admissions and patient-days 
Each of the 21 county councils in Sweden deliver once a year 
data to the National Patient Register kept by The National 
Board on Health and Welfare. Administrative data within 
hospital care include, among others, date of admission, date 
of discharge and length of stay. Data for 2014 is not available 
until August 2015, denominator data from 2013 are used in 
some figures in this report. The number of admissions and 
patient-days in Swedish somatic medical care (produced by 
acute care hospitals) 2009-2013 is shown in Table 7.3. The 
National Board of Health and Welfare keeps a searchable 
database at the web, http://www.socialstyrelsen.se/statistik.

Antibiotic consumption in animals

Data sources, inclusion criteria and analysis
Raw data on sales is obtained from the Swedish eHealth 
Agency and represent the sales of products containing anti-
biotics sold by pharmacies. When products are dispensed 
for animals, the animal species as given on the prescription 
is recorded and reported to the Swedish eHealth Agency 
jointly with the sales, unless the product is sold for use in 
veterinary practice (on requisition). For the overall statistics, 
the data include all products with antibiotics as active sub-
stance marketed in Sweden and sold for use in terrestrial ani-
mals in the ATCvet classes QA07, QG04, QJ01 and QJ51. 
Medicinal products authorised for human use but prescribed 
for use in animals is not included in the overall statistics. 
However, to follow prescriptions for dogs, information on 
number of packages sold per product-presentation belonging 
to QA07, QJ01 and drugs authorised for use in humans and 
prescribed for dogs belonging to J01 were retrieved. That 
data-set closely corresponds to out-patient use. 

Data are retrieved as number of packages sold per product 
presentation and per animal species, if recorded. Calculation 
to kg active substance is done based on product information 
obtained from the national product register of the MPA. The 
term consumption is used for sales from pharmacies to private 
and professional animal care-takes as well as to veterinary 
clinics.

In rare cases, premixes mixed in medicated feed may be deliv-
ered from feed mills without the sales being recorded by a 
pharmacy. Examination of the reports by all feed mills to the 
SBA shows that this happened only once during 2005-2009 
(a total quantity of 40 kg active substance). The ionophoric 
antibiotics are presently regulated as feed additives and not 
sold through pharmacies. However, the SBA collects figures 
on sales of ionophores from the feed mills as a part of the feed 
control system. As the source differs, data on ionophores are 
given only in the table on sales of products for mixing in feed 
or water in Table 3.9. 

Completeness of data
Before July 2009, all Swedish pharmacies belonged to a state 
owned co-operation. Since, the market has been reregulated 
and today there are many pharmacies competing on the mar-
ket. All pharmacies are obliged to report their sales to the 
Swedish eHealth Authority. 

Concerns have been raised that after the reregulation, 
the statistics on consumption of veterinary medicinal prod-
ucts with a general marketing authorisation in Sweden is less 
complete than before 2010. SVA attempted to produce an 
estimate of the lack of completeness for the consumption of 
antibiotics in 2013 (see Swedres-Svarm 2013, Use of antimi-
crobials for animals). In brief, it was assumed that the lack 
of completeness primarily affects products that are typically 
sold from pharmacies to veterinarians on requisition. This 
is most common for products for parenteral administration. 
The ten injectable products with highest sales from phar-
macies during 2013, in kg active substance, were selected. 
Information on sales to pharmacies for all marketed product-
package types of these products was collected from Marketing 
authorisation holders. Number of packages sold and amount 
of active substance sold from wholesalers to pharmacies were 
compared to the sales from pharmacies to veterinarians and 
animal owners. The sales from wholesalers to pharmacies 
expressed as kg active substance were 11% higher than the 
sales from pharmacies. 

A similar study was performed for the consumption of 
antibiotics in 2014. One of the products included for 2013 
was not available on the market for most of the year, and 
was therefore excluded. The difference between sales to and 
from pharmacies of the remaining nine products, expressed 
as kg active substance was 8 and 14% for 2013 and 2014, 
respectively. The difference varied between classes (9 – 16% 
in 2014). 

The above estimate was limited to products for injection 
with general marketing authorisation in Sweden. Other types 
of products are less likely to be affected by the observed lack 
of completeness. Based on this assumption, the overall differ-
ence in total sales as kg active substance to and from pharma-
cies in 2014 was calculated to 8%. The figure is uncertain as 
the difference varied between classes of antibiotics, and there 
may be some lack of completeness for certain other products. 
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Products sold with special licence
Previously, most antimicrobial products sold with special 
licence (products prescribed and sold on exemption from 
general Swedish market authorization) were also included. 
However, in 2011 it was noticed that the information on 
sales of products with special licence was less complete than 
in previous years. The information in the database of the 
Swedish eHealth Agency on sales of such products still seems 
incomplete. Efforts have been made to identify companies 
who might have statistics on sales of products sold with spe-
cial licence to the Swedish market. Products formulated for 

administration via feed or water were prioritized, as were 
those with fluoroquinolones and other products where the 
number of granted licences was above 30. No effort was made 
to get additional data on sales of products for intramam-
mary use, as the amounts sold have historically been very 
low. Whenever the information on number of packages sold 
per product-packtype from the Swedish eHealth Agency was 
lower than that obtained from pharmaceutical companies, 
the figure was adjusted. This means that for some products, 
the figures may represent a slight overestimate of sales from 
pharmacies as they may include products kept in stock.
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Antibiotic Susceptibility testing

The microbroth dilution method is the internationally 
accepted reference method for susceptibility testing to which 
other methods are compared. Clinical microbiology labora-
tories in Sweden have a long tradition of using disk diffusion 
antibiotic susceptibility testing (AST). This method is quan-
titative (diameter of inhibition zones measured in mm) but 
results are normally interpreted to give a qualitative “recom-
mendation”: S (susceptible, sensitive), I (intermediate) and R 
(resistant). 

The disk diffusion method has been successfully stand-
ardized by the Swedish clinical microbiology laboratories in 
collaboration with the former SRGA-M, which since 2011 is 
replaced by NordicAST, a Nordic AST Committee with rep-
resentatives from Denmark, Norway and Sweden. Until 2009 
all laboratories used the methodology based on ISA medium 
and a semi-confluent bacterial inoculum as recommended 
by SRGA-M. From 2011 all laboratories have adopted the 
new European method as described by EUCAST, based 
on Mueller Hinton agar and an almost confluent inoculum 
(equivalent to a 0.5 McFarland turbidity standard). The disk 
diffusion method is still the most commonly used routine 
method for susceptibility testing. It can also be used as a 
screening method which in some cases needs to be followed 
up by methods for gene detection (e.g. MRSA, VRE) and 
in other instances by MIC-determination (e.g. beta-lactam 
resistance in pneumococci, chromosomally mediated beta-
lactam resistance in Haemophilus influenzae), and still in oth-
ers by methods for enzyme detection (e.g. beta-lactamase 
detection in Haemophilus influenzae and Neisseria gonorrhoeae). 

Internal and external quality assurance and quality con-
trol of susceptibility testing is performed by each labora-
tory. Internal quality control includes using international 
QC strains regularly (preferably on a daily basis) and ana-
lysing data in relation to national guidelines. Validation of 
susceptibility testing can also be done by histogram analysis 
of consecutive clinical isolates (see www.eucast.org). External 
quality control is often done by participation in UK-NEQAS 
and/or other international programmes, whereas quality 
assurance is one of the features of the Swedish ”100-strains”, 
also referred to as ResNet or RSQC programme.

National surveillance of antibiotic resistance

Surveillance regulated in the Communicable Disease Act
Statutory notifications of certain communicable diseases are 
regulated in the Communicable Disease Act (SFS 2004:168, 
SFS 2004:255). With the exception of certain sexually trans-
mitted infection (STI), and from 2007 ESBL-producing 
Enterobacteriaceae, both the clinician caring for a patient 
with a notifiable disease (clinical notification) and the labora-
tory diagnosing the pathogen causing the disease (laboratory 
notification) are obliged to notify. This double notification sig-
nificantly enhances the sensitivity of the surveillance system. 

Notification shall be done within 24 hours, in duplicate to 
the County Medical Officer for Communicable Disease 
Control (smittskyddsläkare) and to the Swedish Public 
Health Agency. Notifications, with the exception of STI, are 
done with full person identification. The clinical notification 
shall also include information on the likely source and route 
of infection, as well as other information of epidemiological 
importance.

Infections (or colonisation) with different antibiotic resis-
tant pathogens are included in the list of notifiable diseases. 
Streptococcus pneumoniae with bensylpenicillin MIC > 0.5 mg/L 
(PNSP) have been notifiable since 1996 (MIC > 1 mg/L from 
2012). Methicillin-resistant Staphylococcus aureus (MRSA) and 
vancomycin-resistant Enterococcus faecalis and Enterococcus fae-
cium (VRE) have been notifiable since 2000. 

Since 1st February 2007 ESBL-producing Entero-
bacteriaceae were made notifiable by laboratory notifica-
tions. The definition of an ESBL was extended in 2009 to 
include not only ESBLs inhibited by clavulanic acid (now 
referred to as ESBLA) but also plasmid-mediated AmpC 
enzymes (ESBLM) and carbapenemase enzymes (ESBLCARBA).

All notifications are entered into the national comput-
erized surveillance system, SmiNet2. At the Public Health 
Agency of Sweden, the clinical and laboratory notification 
for each case are merged and checked for errors. If data are 
missing, contact persons in the counties are asked to supple-
ment the information. As an important complement to the 
notifications, the MRSA, VRE and PNSP isolates are sent 
for epidemiological typing. For MRSA spa-typing is the pri-
mary typing method, for VRE it is pulsed-field gel electro-
phoresis (PFGE), and for PNSP serotyping. Depending on 
needs also other molecular biology methods are used, e.g. 
MLST. 

Tuberculosis (TB) is a notifiable disease, irrespective of 
drug resistance. On a voluntary basis the TB laboratories are 
reporting all drug-resistant isolates of Mycobacterium tuber-
culosis and M. bovis to the Public Health Agency of Sweden. 
All resistant isolates are sent to the Public Health Agency 
of Sweden for epidemiological typing, using restriction frag-
ment length polymorphism (RFLP).

The feedback of notification data is done monthly on the 
webpage (http://www.folkhalsomyndigheten.se) and yearly 
in this and other reports. Data on drug-resistant TB is also 
annually published in “the Swedish Tuberculosis Index”.

Possible epidemiological links between patients from dif-
ferent counties, as identified from the epidemiological typing 
results and the notifications, are communicated to the per-
sons in charge of the communicable disease control actions 
at the county level.

Gonorrhoea and invasive infections caused by Neisseria 
meningitidis are also notifiable. The descriptions of materi-
als and methods for these pathogens are found under their 
respective result section.

Materials and methods, resistance in bacteria from humans
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Swedish combined surveillance  
and QC programme (RSQC surveys)  
further developed into ResNet since 2002 
In 1994 a model for the concomitant surveillance of anti-
microbial resistance and quality assurance of antimicrobial 
susceptibility testing was devised. In Sweden there are at 
present 26 clinical microbiology laboratories, each covering 
a county (or part of county) of Sweden. The demographics 
of the laboratories, their geographic areas and their corre-
sponding populations are well characterized. The antimicro-
bial susceptibility testing methods of the laboratories have 
been standardized through the combined work of the former 
SRGA-M (since 2011 replaced by NordicAST) and the 
microbiology laboratories. 

Each year the laboratories are asked to collect quantitative 
data (zone diameters) for defined antibiotics in 100-200 con-
secutive clinical isolates of a defined set of bacterial species. 
Since 1994, Streptococcus pneumoniae, Streptococcus pyogenes and 
Haemophilus influenzae have been part of this yearly program. 
Since 2001 Escherichia coli, Klebsiella pneumoniae, Staphylococcus 
aureus and Pseudomonas aeruginosa have been part of these 
surveys. The number of antibiotics tested for each pathogen 
has varied between 4 and 6. 

From 2002 web-based software (ResNet) will receive 
the aggregated data from the laboratories and, following 
approval of registered data by one of two web administra-
tors, instantly displayed it in the form of resistance frequen-
cies on the geographical areas on a map of Sweden. Behind 
each resistance frequency the distribution of zone diame-
ters or MICs together with the relevant demographic data 
are directly accessible. The software will accept both MIC 
and zone distributions of well-characterized data sets. The 
graphs presenting the data are designed to include all neces-
sary information in order for the graphs to be used on their 
own (in presentations etc). A recently introduced feature 
enables each laboratory to view all its own data and also to 
link this information to a website of its own local health care 
system.

EARS-Net 
The European network of national surveillance systems 
of antimicrobial resistance (EARSS) performed on-going 
surveillance of invasive infections of Staphylococcus aureus, 
Streptococcus pneumoniae, Escherichia coli, and Enterococcus faecalis/
faecium, and monitors variations in antimicrobial resistance 
over time and place. From 2005 invasive isolates of Klebsiella 
pneumoniae and Pseudomonas aeruginosa are also part of the 
scheme. In 2014 Acinetobacter species was added to the pro-
gramme. 

During 2009 a transition of the EARSS management 
from RIVM in the Netherlands to ECDC in Stockholm was 
prepared, and from 1st January 2010 the network, renamed 
as EARS-Net, is coordinated from ECDC. 

Data collected by EARS-Net should be routinely generated 
quantitative data (MICs or inhibition zones), but the data 
presented is in the format of susceptibility categories (SIR). 
External quality assurance exercises have so far been carried 
out by EARS-Net in cooperation with UK-NEQAS once 
every year. Results of those exercises have shown that partici-
pating laboratories were capable of delivering good quality 
susceptibility data, indicating that the overall resistance rates 
as monitored through EARS-Net are accurate. 

The participation from laboratories in Sweden is coordi-
nated through the Public Health Agency of Sweden, where 
electronic data collection, validation and verification of spe-
cific resistance mechanisms are performed. Sweden, because 
of its well organised network of clinical laboratories and high 
quality of routine susceptibility testing, is one of the largest 
contributors of national data to EARS-Net.

Surveillance of invasive  
isolates additional to EARS-Net data 
Data on invasive isolates on all positive blood cultures were 
obtained from seven laboratories in 2014 that are using the 
same laboratory information system (ADBakt). Their total 
catchment population is at present 4.7 million, thus repre-
senting 48% of the Swedish population. From these labo-
ratories data for the pathogens specified by the EARS-net 
network are retrieved, but also data on all other bacterial 
pathogens consecutively isolated from blood cultures. In the 
SWEDRES reports from 2007 data for Streptococcus pyogenes, 
Streptococcus agalactiae and Haemophilus influenzae are pre-
sented.

Sentinel surveillance 
A national surveillance programme for Clostridium difficile 
was initiated by SMI in 2009. The programme included both 
a voluntary laboratory reporting system of all new cases of  
C. difficile infection (CDI) through SmiNet2 and a determi-
nation of resistance and epidemiological typing of isolates 
from the clinical microbiology laboratories. All C. difficile 
strains isolated during weeks number 11 and 39 were sent to 
SMI for typing by PCR ribotyping and antibiotic susceptibil-
ity testing. 

Susceptibility testing of gastrointestinal pathogens such as 
Salmonella, Shigella, Campylobacter spp. and Helicobacter pylori 
is not performed on a regular basis by clinical laboratories. 
Existing data are mainly derived from special investigations 
by devoted researchers / laboratories
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Sampling strategy

Antibiotic resistance as notifiable diseases
ESBL

ESBLA and ESBLM-producing Escherichia coli were isolated 
from the same samples as the indicator bacteria, i.e. from 
caecal content from broilers and turkeys, see below. Clinical 
isolates from cats, dogs, and horses were submitted to the 
Dept. of Animal Health and Antimicrobial Strategies, SVA 
as bacterial strains.

MRSA and MRSP

Findings of MRSA and MRSP in animals are notifiable in 
Sweden and hitherto the majority of isolates from notified 
incidents has been confirmed using molecular methods at 
SVA.

Monitoring of MRSA in dairy cattle was performed by 
screening isolates of beta-lactamase producing Staphylococcus 
aureus from routine submissions of milk samples sent to 
SVA. From each submission where beta-lactamase producing  
S. aureus was found, one isolate, selected by convenience, was 
tested.

Monitoring of MRSA in pigs was performed by sam-
pling in all Swedish nucleus and multiplying herds (n=39). 
Weaned pigs 5-12 weeks old were sampled, 6 pigs per box, 15 
boxes per herd. The 6 sampled pigs in one box were sampled 
by scrubbing the skin behind one ear with the same sterile  
compress.

Zoonotic pathogens
Salmonella

Salmonellosis in animals is a notifiable disease in Sweden and 
isolates from each notified incident are confirmed at SVA. 
Data presented in Svarm are from susceptibility testing of 
these isolates. The summary for each year includes one iso-
late of each serovar from each warm-blooded animal species 
in notified incidents. An exception is isolates from cats and 
wild birds from which a subset of isolates are selected by con-
venience. In addition, isolates from incidents previously noti-
fied and still under restrictions are included in the yearly sta-
tistics. Also included are isolates obtained in the salmonella 
surveillance programme from samples collected at slaughter 
(carcass swabs, neck skins and lymph nodes).

Campylobacter

Campylobacter spp. were isolated from caecal content from 
healthy broilers sampled at slaughter within the Swedish 
Campylobacter programme in which whole caeca are col-
lected from each batch of broilers slaughtered. In 2014, 363 
flocks were positive for Campylobacter. From these, 102 iso-
lates of Campylobacter jejuni, each representing one flock was 
randomly selected for susceptibility testing. The isolates 
were stored in -70°C until tested.

Clinical isolates from animals
Clinical isolates included are from routine bacteriological 
examinations of clinical submissions or post-mortem exami-
nations. Part of the isolates of Actinobacillus pleuropneumoniae 
from pigs, part of the isolates of Pasteurella spp. from calves 
and all isolates of S. aureus from dairy cows are, however, iso-
lated from samples collected in surveys initiated within the 
Svarmpat programme.

In pigs, isolates of E. coli are from the gastro-intestinal tract 
and isolates of Brachyspira spp. from faecal samples. Isolates of 
Pasteurella spp. from pigs are isolated from nasal swabs collected 
within a control programme for atrophic rhinitis in nucleus and 
multiplying herds or from tissue samples from lungs taken post 
mortem. Isolates of A. pleuropneumoniae in pigs emanate from 
tissue samples from lungs sampled post mortem.

In cattle, isolates of E. coli are from samples from the gastro-
intestinal tract or from milk samples. Isolates of Pasteurella 
spp. are from the respiratory tract.

In sheep, isolates of M. haemolytica and Bibersteinia treahalosi 
are from tissue samples from lungs taken post mortem. 

In horses, isolates of E. coli are from the genital tract of 
mares, Streptococcus zooepidemicus from the respiratory tract 
and S. aureus from skin samples.

In dogs, isolates of E. coli are from urine samples, Staphyl-
ococcus pseudintermedius from skin samples, Staphyl ococcus 
schleiferi from various organs (mainly external ear canal, 
skin or wound), and Pseudomonas aeruginosa from the exter-
nal ear. In cats, isolates of E. coli are from urine samples and 
Staphylococcus felis from various organs (mainly external ear 
canal or other skin locations, abscess or wound). 

In farmed fish, isolates of Aeromonas salmonicida subsp. 
achromogenes, Flavobacterium columnare and Flavobacterium 
psychrophilum are from post mortem examinations.

Indicator bacteria
Broilers

Indicator bacteria, i.e. E. coli and Enterococcus faecalis and 
Eenterococcus faecium, were isolated from caecal content of 
healthy broilers sampled at slaughter. Samples cultured were 
from the Swedish Campylobacter programme – see above. 
From these samples, 100 were selected by convenience in 
March-April and 100 in September-October. Each sample is 
from a unique flock but not always from a unique production 
site. Samples cultured were collected at six abattoirs that in 
2014 accounted for approximately 98% of the total volume 
of broilers slaughtered. The number of samples from each 
abattoir was roughly proportional to the annual slaughter 
volume of the abattoir.

Turkeys

Indicator E. coli was isolated from caecal content of healthy 
turkeys sampled at slaughter. Sampling was performed at two 
abattoirs in Sweden, from January to December. Each sam-
ple is from a unique flock but not always from a unique pro-
duction site.

Materials and methods, resistance in bacteria from animals
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Isolation and identification of bacteria

Antibiotic resistance as notifiable diseases
ESBL

ESBLA and ESBLM-producing E. coli were isolated by culture 
on MacConkey agar with cefotaxime (1 mg/L) after incuba-
tion overnight at 37°C, both without and with prior enrich-
ment in MacConkey broth with cefotaxime (1 mg/L). 

Briefly, approximately 0.5 g of caecum content from broil-
ers was diluted in 4.5 mL saline. After thorough mixing,  
0.1 mL of this suspension was spread on MacConkey agar 
with cefotaxime (1 mg/L) and incubated overnight at 37°C.

Furthermore, 1 g of caecum content was diluted in 9 ml 
MacConkey broth with cefotaxime (1 mg/L) and incubated 
at 37°C overnight. From the MacConkey broth 100 µL was 
spread on MacConkey agar with cefotaxime (1 mg/L) and 
incubated overnight at 37°C.

One lactose positive colony with morphology typical for 
E. coli growing on MacConkey agar with cefotaxime were 
sub-cultured on horse-blood agar (5% v/v) and further tested 
for ESBL detection.

MRSA

In the screening for MRSA among isolates of beta-lactamase 
producing S. aureus from dairy cows, isolates were suscep-
tibility tested using microdilution (see below). Isolates with 
MICs of oxacillin >1 mg/L and/or cefoxitin >4 mg/L were 
tested for presence of mecA and mecC with PCR (see below).

In the screening of pigs, each compress was incubated in 
25 mL Mueller-Hinton broth with 6.5% NaCl overnight at 
37°C. Then 1 mL was transferred to Tryptic Soy broth with 
3.5 mg/L cefoxitin and 75 mg/L aztreonam and incubated 
overnight at 37°C. Thereafter 10 µL were streaked on selec-
tive agar plates (Brilliance, Oxoid) and on oxblood plates and 
incubated at 37°C for 24 and 48 h. Suspected MRSA colonies 
were tested by PCR for presence of mecA and mecC genes.

Zoonotic pathogens
Salmonella

Salmonella was isolated and identified at the Dept. of Bac-
te ri ology, SVA or at regional laboratories in accordance 
with standard procedures. All samples within official con-
trol programmes are cultured according to the procedures 
detailed by the MSRV (ISO-EN 6579:2002/ Amd 1:2007). 
Confirmatory identification and serotyping was performed 
according to the procedures of Kaufmann and White.

Isolates of Salmonella Enteritidis were phage-typed by The 
Public Health Agency of Sweden, Solna using the Colindale 
scheme. As from 2013 other serovars are not phagetyped.

Campylobacter

Campylobacter spp. from broilers were isolated and identified 
at the Dept. of Bacteriology, SVA. Samples were cultured 
according to ISO/DIS 10272-1:2014 for detection of ther-
mophilic Campylobacter spp. by direct cultivation on mCCDA 
and incubation at 42°C. Identification was based on colony 
morphology, microscopic appearance including motility and 

the following phenotypic characteristics: production of oxi-
dase, catalase and hippurate hydrolysis reaction. With these 
tests, hippurate-positive C. jejuni were identified.

Clinical isolates from animals
Most clinical isolates were isolated and identified with 
accredited methodology, following standard procedures at 
SVA. Part of the isolates of Pasteurella spp. from pigs and 
cattle, isolates of M. haemolytica and B. trehalosi from sheep 
and part of the isolates of E. coli from cattle were isolated and 
identified following standard procedures at a regional labo-
ratory.

Indicator bacteria
Escherichia coli

Approximately 0.5 g of caecum content from broilers was 
diluted in 4.5 mL saline. After thorough mixing, 0.1 mL of 
this suspension was spread on MacConkey agar and incu-
bated overnight at 37°C. 

One lactose positive colony with morphology typical for 
E. coli was sub-cultured onto horse-blood agar (5% v/v), after 
which the isolate was tested for production of tryptophanase 
(indole). Only lactose and indole positive isolates with typical 
morphology were selected for susceptibility tests.

Enterococci

Caecum content from broilers was diluted as described for 
E. coli and 0.1 mL was spread on Slanetz-Bartley (SlaBa) agar 
and incubated at 37°C for 48 h.

Four colonies, randomly chosen, were sub-cultured on 
bile-esculin agar and blood agar (37°C, 24 h). Colonies with 
morphology consistent with enterococci, and with a positive 
reaction on bile-esculin agar were identified to species level 
by MALDI-TOF MS. Mass spectra were compared against 
the MALDI Biotyper database using the MALDI Biotyper 
3.0 Realtime Classification (RTC) software (Bruker Daltonik 
GmbH, Bremen, Germany). If available, one isolate of  
E. faecium and one isolate of E. faecalis from each sample were 
tested for antibiotic susceptibility.

Susceptibility testing

Microdilution
At SVA, bacteria from animals are tested for antibiotic sus-
ceptibility with accredited methodology using dilution meth-
ods in cation adjusted Mueller-Hinton broth (CAMHB) 
(Difco). Tests are performed following the standards for 
microdilution of the Clinical and Laboratory Standards 
Institute (CLSI, 2013a). The microdilution panels used, 
VetMIC, are produced at Section of Substrate Production, 
SVA and Sensititre are produced at Trek diagnostics LTD. 
Different panels are used depending on the bacterial spe-
cies tested and the purpose of the investigation (monitoring 
or clinical diagnostics). Minimum inhibitory concentration 
(MIC) is recorded as the lowest concentration of an antibi-
otic that inhibits bacterial growth.

Some adaptations from the CLSI standard are employed. 
For Pasteurella spp. three different protocols are used at SVA. 
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Either by dilution in CAMHB supplemented with 5-10% 
horse serum followed by incubation in aerobic atmosphere, 
37°C for 16-18 hours, or by dilution in Haemophilus test 
medium (HTM) followed by incubation in CO2, 37°C for 
16-18 hours. Also dilution in CAMHB supplemented with 
5-10% horse serum and incubation in CO2, 37°C for 16-18 
hours was used. For testing of A. pleuropneumoniae dilution 
in HTM broth is used followed by incubation in CO2 at 
37°C for 16-18 hours. Also, S. zooepidemicus is tested using 
CAMHB supplemented with 5-10% horse serum followed 
by incubation at 37°C for 16-18 hours.

Susceptibility of Campylobacter spp. is tested according to 
the CLSI standard M45-A2 for fastidious bacteria (CLSI, 
2010).

Susceptibility of Brachyspira hyodysenteriae and B. pilosicoli, 
is tested by a broth dilution method described by Karlsson et 
al. (2003). The antibiotics are dried in serial twofold dilutions 
in tissue culture trays with 48 wells per plate. The wells were 
filled with 0.5 mL of a suspension of bacteria in brain heart 
infusion broth (BHI) with 10% foetal calf serum (1x106-5x106 
CFU/ml). The trays were incubated in an anaerobic atmos-
phere at 37°C for four days on a shaker.

Bacteria from fish are tested for antibiotic susceptibility 
by broth microdilution adapted for aquatic bacteria accord-
ing to CLSI (2014a).

Phenotypic confirmatory tests for production of extended 
spectrum beta-lactamases (ESBLs) in E. coli was performed 
with and without clavulanic acid in  Sensititre EUVSEC2 
microdilution panels and interpreted according to CLSI 
(CLSI, 2013b).

Genotyping

Suspected isolates of MRSA were confirmed by detection 
of the nuc, mecA and mecC genes applying real-time PCR as 
described by Pichon et al. (2012). Spa-typing, a single locus 
sequence typing method using the polymorphic region X of 
the protein A gene, was performed on all isolates confirmed 
as MRSA, according to  Harmsen et al. (2003) and the spe-
cific spa-type was determined using BioNumerics® (Applied 
Maths). MRSP spa-typing was performed according to 
Moodley et al. (2009) and MLST according to the MLST 
Scheme at http://pubmlst.org/spseudintermedius/.

PCR was performed for identification of ESBLM (Perez-
Perez and Hanson 2002), ESBLA (Woodford et al. 2006), 
genes coding OXA-1 group, TEM-groups and SHV-groups 
(Fang et al. 2006) and ESBLCARBA (Poirel et al. 2011).

The specific gene variants were determined by sequencing 
using in-house primers and Big-Dye™ v1.1./3.1. or submit-
ted to Macrogene Inc. (South Korea) for sequencing.

Quality assurance system  

Laboratories performing antibiotic susceptibility testing at 
SVA are accredited according to SS-EN ISO/IEC 17025 
by the Swedish Board for Accreditation and Conformity 
Assessment (SWEDAC) to perform antibiotic susceptibil-
ity tests with microdilution methods. In addition, Dept. of 

Bacteriology is accredited for isolation and identification 
of animal pathogens and of Salmonella and Campylobacter 
according to the same standard.

For susceptibility tests of zoonotic, pathogen and indica-
tor bacteria, Escherichia coli ATCC 25922, Enterococcus faecalis 
ATCC 29212, Staphylococcus aureus CCUG 15915 (analogue 
to ATCC 29213) and Campylobacter jejuni CCUG 11284 (ana-
logue to Campylobacter jejuni ATCC 33560) were included as 
quality controls. Relevant control strains were also included 
and evaluated at least once weekly for animal pathogens. For 
testing of Brachyspira, the B. hyodysenteriae type strain B78T 

ATCC 27164T was used for quality control.
Dept. of Animal Health and Antimicrobial Strategies 

participates in two proficiency tests for antibiotic suscepti-
bility testing. These are arranged by the European Union 
Reference Laboratory - Antimicrobial Resistance and as 
national ring trial. Likewise, Dept. of Bacteriology partici-
pates in proficiency tests concerning isolation and identifica-
tion of Salmonella spp. and general clinical veterinary bacte-
riology and susceptibility tests.

Data handling 

Records on Salmonella and animal pathogens such as source 
of cultured sample, identification results, antimicrobial sus-
ceptibility etc. were registered in a databases at SVA. Data for 
indicator bacteria was recorded in an Access database. 

Cut-off values for resistance

For interpretation of MICs from susceptibility testing of 
zoonotic bacteria (Salmonella and Campylobacter) and indica-
tor bacteria (Escherichia coli and enterococci) epidemiological 
cut-off values (ECOFF) issued by EUCAST (www.eucast.
org) are used. When no ECOFF is issued, a value based on 
MIC distributions obtained in the Svarm program is used. 
This approach was used also for interpretation of narasin 
MICs for E. faecium because ECOFF (>4 mg/L) cuts through 
MIC distributions for E. faecium from some animal catego-
ries studied in Svarm (e.g. broilers) in a manner not in agree-
ment with the concept of wild-type distributions.

ECOFFs are used when available also for clinical isolates 
from animals. When ECOFFs are not available, or the range 
of concentrations tested precludes use of a recommended 
value, values based on MIC distributions obtained in the 
Svarm programme are used but clinical breakpoints issued 
by CLSI (CLSI, 2013b) are also taken into consideration.

ECOFFs classify isolates with acquired reduced suscepti-
bility as non-wild type. In Svarm, non-wild type isolates are 
called resistant. This classification is relevant for monitoring 
purposes, but it should be understood that resistance defined 
in this manner not always implies clinical resistance.
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TABLE 7.11. Cut-off values (mg/L) for resistance. Values in red are current (March 2015) EUCAST epidemiological cut-off values (ECOFFs), blue underlined 
values deviate from ECOFFs, red underlined values are CLSI ECOFFs and for values in black, ECOFFs are not defined.

a MIC in U/mL; b Concentration of trimethoprim given, tested with sulphamethoxazole in concentration ratio 1/20; c beta-lactamase production.
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Ampicillin >1 >8 >8 >4 >4 >8 >8 >1 >8 >8

Bacitracina >32 >32

Cefotaxime >0.25 >0.5 >0.5

Cefoxitin >4

Ceftazidime >0.5

Ceftiofur >1 >1 >2 >2

Cephalothin >2 >1

Chloram-
phenicol >2 >32 >32 >16 >16 >2 >16 >16

Ciprofloxacin >0.06 >0.5 >0.5 >0.06 >0.06 >0.06 >1

Clindamycin >4 >0.25

Colistin >2 >2 >4

Doxycycline >0.5

Enrofloxacin >0.12 >0.12 >0.25 >0.25 >2 >0.25 >0.5 >0.5

Erythromycin >4 >8 >4 >4 >1 >1

Florfenicol >4 >4 >16 >2 >16 >4 >16 >8 >8

Fusidic acid >4 >0.5

Gentamicin >8 >1 >2 >32 >32 >2 >4 >4 >8 >8 >2 >4 >2

Kanamycin >1024 >1024 >16 >8

Linezolid >4 >4

Nalidixic acid >16 >16 >16 >16 >16 >16

Narasin >2 >2

Neomycin >8 >8 >4

Nitrofuran-
toin >32 >32

Oxacillin >0.5 >1

Oxolinic acid
>0.25

Penicillin >0.5 >0.5 c c >1

Polymyxin B >4

Spiramycin >16 >16

Streptomycin >2 >4 >512 >128 >16 >16 >16 >16

Sulphame-
toxazole >64 >256

Tetracycline >1 >1 >1 >2 >4 >4 >8 >8 >0.12 >8 >2 >8 >8 >1 >8

Tiamulin >0.25

Tigecycline >1

Trimethoprim >4 >2 >2 >2

Trim & 
sulphab >1 >0.25 >1 >4 >0.5 >2 >0.5 >4

Tylosin >16

Tylvalosin >1

Valnemulin >0.12

Vancomycin >4 >4

Virginiamycin >32 >4

a MIC in U/mL; b Concentration of trimethoprim given, tested with sulphametoxazole in concentration ratio 1/20; c beta-lactamase production.
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TABLE 7.12. Salmonella enterica, number of isolates 2000-2014.

Source 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013   2014

Warm-blooded animals 67 52 49 101 68 105 101 112 122 117 82 71 71 86 77

Cold-blooded animals 17

SVARM 2000-2014

The number of isolates of different matrices reported in Svarm since 2000 is presented below.

TABLE 7.13. Campylobacter spp., number of isolates 2000-2014.

Source 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Cattle 67 68 109

Pigs 98 105 100 46 97 83

Broilers 50 100 100 38 100 100 102

Broiler meat 111

Meat (different sources) 74

Water 19

TABLE 7.14. Indicator Escherichia coli, number of isolates 2000-2014.

Source 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Cattle 293 314 223 197

Pigs 260 308 303 390 342 349 167

Pig meat 19 20

Broilers 274 296 306 300 296 181 194 197

Broiler meat 77 92

Laying hens 61

Turkeys 55 59

Horses 274

Dogs 257 74

Willow grouse 19

Wild boars 87

Sheep 115

TABLE 7.15. Indicator Enterococcus faecalis and E. faecium, number of isolates 2000-2014 (E. faecalis/E. faecium).

Source 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Cattle 22/71 13/98 10/24 11/42

Pigs 56/48 52/106 87/71 55/47 68/39 22/22

Pig meat 17/3 29

Broilers 24/151 49/204 57/189 48/163 28/197 35/136 44/136 27/187

Broiler meat 81/17 78/10

Laying hens 20/36

Horses 34/27

Dogs 135/29

Wild boars 12/35

Sheep 24/15
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TABLE 7.16. Clinical isolates from animals, number of isolates 2000-2014.

Animal species & bacterial species 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Cattle

Escherichia coli (enteric) 220 87 39 24 40 15 15 58 30 29

Escherichia coli (uterine) 60

Escherichia coli (udder) 169 142 95

Klebsiella spp. (udder) 44 24 41 39

Pasteurella spp. 254 100 27 32 14 27 80 37 39 39

Staphylococcus aureus (udder) 100 100 96 87 74

Streptococcus dysgalactiae (udder) 100

Streptococcus uberis (udder) 100

Fusobacterium necrophorum 41

Pigs

Actinobacillus pleuropneumoniae 18 84 39 24 39 57 33 36 37

Brachyspira hyodysenteriae 50 75 109 100 31 26 23 15 24 9 7 7 8 7

Brachyspira pilosicoli 93 57 72 44 31 24 13 16 17 12 13

Escherichia coli (enteric) 399 82 340 340 386 325 298 93 83 102 94 91 74 142 118

Pasteurella spp. 75 38 25 24 10 17 24 95 19

Staphylococcus hyicus 20

Streptococcus equisimilis 82

Poultry (laying hens)

Escherichia coli (infection) 70

Sheep

Staphylococcus aureus (udder) 25

Fusobacterium necrophorum 24

Mannheimia haemolytica and  
Bibersteinia trehalosi 44

Fish

Aeromonas salmonicida subsp. achrom. 67 20 23 8 14 5 10 9

Flavobacterium columnare 30 16 10 5 8 3 5 9

Flavobacterium psychrophilum 42 27 24 21 27 31 23 61

Horses

Actinobacillus spp. 40

Escherichia coli (genital) 323 103 166 188 188 161 124 273 174 210 236 174 196 140 229

Rhodococcus equi 73 20 187

Streptococcus zooepidemicus 301 174 163 150 185 175 174 180 159 152 43 311 140 123 129

Staphylococcus aureus 308 131 135 145 139 132

Dogs

Escherichia coli (urinary) 185 183 204 234 247 304 366 425 503 599 803 666 407 840 943

Pasteurella canis 207

Pasteurella multocida 231

Pseudomonas aeruginosa 234 261 313 353 178 309 389

Staphylococcus pseudintermedius 145 156 133 102 159 126 89 220 258 381 444 388 229 566 513

Staphylococcus schleiferi 297

Cats

Escherichia coli (urinary) 46 52 55 74 95 131 170 245 236 274 310 404 461

Beta-hemolytic streptococci 184

Pasteurella multocida 244

Staphylococcus felis 244



SWEDRES |SVARM 2014 115

Anonymous. 2014, Hästar och uppfödare i Sverige! 
[Horses and horse-breeders in Sweden]. Hästnäringens 
nationella stiftelse 2014. In Swedish. http://nshorse.se/files/ 
2014/07/Avelsrapport_2013_LR-FINAL.pdf

Bengtsson B, Ericsson Unnerstad H, et al. 2009, Anti-
microbial susceptibility of udder pathogens from cases of 
acute clinical mastitis in dairy cows. Vet Microbiol, 136:142-9.

Börjesson S, Gomez-Sanz E, et al. 2015, Staphylococcus 
pseudintermedius can be misdiagnosed as Staphylococcus aureus 
in humans with dog bite wounds. Eur J Clin Microbiol Infect 
Dis. Epub ahead of print doi: 10.1007/s10096-014-2300-y

CLSI. Methods for Antimicrobial Dilution and Susceptibility 
Testing of Infrequently Isolated or Fastidious Bacteria; 
Approved Guideline - Second Edition M45-A2. Clinical and 
Laboratory Standards Institute. Wayne, PA, USA, 2010. 

CLSI. Performance Standards for Antimicrobial Disk and 
Dilution Susceptibility Tests for Bacteria Isolated from 
Animals; Approved Standard - Fourth Edition VET01-A4. 
Clinical and Laboratory Standards Institute. Wayne, PA, 
USA, 2013a. 

CLSI. Performance Standards for Antimicrobial Disk 
and Dilution Susceptibility Tests for Bacteria Isolated 
from Animals; Approved Standard - Second Informational 
Supplement VET01-S2. Clinical and Laboratory Standards 
Institute. Wayne, PA, USA, 2013b. 

CLSI. Methods for Broth Dilution Susceptibility Testing  
of Bacteria Isolated From Aquatic Animals; Approved 
Guideline-Second Edition VET04-A2. Clinical and Labo-
ratory Standards Institute. Wayne, PA, USA, 2014a. 

CLSI. Performance Standards for Antimicrobial Susceptibility 
Testing of Bacteria Isolated From Aquatic Animals; Second 
Informational Supplement VET03/VET04-S2. Clinical and 
Laboratory Standards Institute. Wayne, PA, USA, 2014b. 

Cohen Stuart J, Leverstein-Van Hall MA, et al. 2010, 
Guideline for phenotypic screening and confirmation of carba-
penemases in Enterobacteriaceae. Int J Antimicrob Agents, 
36:205-10.

Crombe F, Argudin MA, et al. 2013, Transmission Dyna-
mics of Methicillin-Resistant Staphylococcus aureus in Pigs. 
Front Microbiol, 4:57.

CVMP. Reflection paper on MRSA in food producing and 
companion animals in the European Union: Epidemiology 
and control options for human and animal health, European 
Medicines Agency. 2009. www.emea.europa.eu

References

Damborg P, Moodley A, et al. High genetic diversity 
among methicillin-resistant Staphylococcus pseudintermedius iso-
lated from canine infection in Denmark. 3rd ASM-ESCMID 
Conference on Methicillin-resistant Staphylococci in Ani mals; 
Copenhagen, Denmark. 2013.

de Lastours V, Bleibtreu A, et al. 2014, Quinolone-
resistant Escherichia coli from the faecal microbiota of healthy 
volunteers after ciprofloxacin exposure are highly adapted to 
a commensal lifestyle. J Antimicrob Chemother, 69:761-8.

de Verdier K, Nyman A, et al. 2012, Antimicrobial resist-
ance and virulence factors in Escherichia coli from Swedish 
dairy calves. Acta Vet Scand, 54:2.

Duse A, Waller KP, et al. 2015, Risk factors for antimicro-
bial resistance in fecal Escherichia coli from preweaned dairy 
calves. J Dairy Sci, 98:500-16.

Eberhart LJ, Ochoa JN, et al. 2014, Microcin MccPDI 
reduces the prevalence of susceptible Escherichia coli in neo-
natal calves. J Appl Microbiol, 117:340-6.

ECDC. Surveillance of antimicrobial consumption in Europe  
2012. Stockholm, 2014. http://ecdc.europa.eu/en/publica-
tions/Publications/antimicrobial-consumption-europe-esac-
net-2012.pdf

EFSA. 2009, Scientific Opinion of the Panel on Biological 
Hazards on a request from the European Commission on 
Assessment of the Public Health significance of meticillin 
resistant Staphylococcus aureus (MRSA) in animals and foods. 
The EFSA Journal, 993:1-73.

EFSA. 2011, Scientific Opinion on the public health risks 
of bacterial strains producing extended-spectrum beta-lacta-
mases and/or AmpC beta-lactamases in food and food-pro-
ducing animals. The EFSA Journal, 9:2322.

EFSA and ECDC. 2015, EU Summary Report on antimi-
crobial resistance in zoonotic and indicator bacteria from 
humans, animals and food in 2013. The EFSA Journal, 
13:4036.

EMA. Trends in the sales of veterinary antimicrobial agents 
in nine Europen countries. Reporting period 2005-2009. 
Europen Medicines Agency (EMA/238630/2011). 2011. 
www.ema.europa.eu 

Fang H, Ataker F, et al. 2008, Molecular epidemiology of 
extended-spectrum beta-lactamases among Escherichia coli 
isolates collected in a Swedish hospital and its associated 
health care facilities from 2001 to 2006. J Clin Microbiol, 
46:707-12.



SWEDRES |SVARM 2014116

García-Álvarez L, Holden MT, et al. 2011, Meticillin-
resistant Staphylococcus aureus with a novel mecA homologue 
in human and bovine populations in the UK and Denmark: a 
descriptive study. Lancet Infect Dis, 11:595-603.

Griggs DJ, Johnson MM, et al. 2005, Incidence and mech-
anism of ciprofloxacin resistance in Campylobacter spp. isolated 
from commercial poultry flocks in the United Kingdom 
before, during, and after fluoroquinolone treatment. Anti-
microb Agents Chemother, 49:699-707.

Hanberger H, Skoog G, et al. 2014, Antibiotic consump-
tion and antibiotic stewardship in Swedish hospitals. Ups J 
Med Sci, 119:154-61.

Harmsen D, Claus H, et al. 2003, Typing of methicillin-
resistant Staphylococcus aureus in a university hospital setting 
by using novel software for spa repeat determination and 
database management. J Clin Microbiol, 41:5442-8.

Hedin K, Andre M, et al. 2006, A population-based study 
of different antibiotic prescribing in different areas. Br J Gen 
Pract, 56:680-5.

Höjgård S, Aspevall O, et al. 2015, Preventing introduction 
of livestock associated MRSA in a pig population – benefits, 
costs, and knowledge gaps from the Swedish perspective. 
PLoS ONE, 10(4): e0122875.

Ito T, Hiramatsu K, et al. 2012, Guidelines for reporting 
novel mecA gene homologues. Antimicrob Agents Chemother, 
56:4997-9.

Jansson Mörk M, Wolff C, et al. 2010, Validation of a 
national disease recording system for dairy cattle against veteri-
nary practice records. Prev Vet Med, 93:183-92.

Karlsson M, Fellström C, et al. 2003, Antimicrobial suscep-
tibility testing of porcine Brachyspira (Serpulina) species iso-
lates. J Clin Microbiol, 41:2596-604.

Mayer M, Abenthum A, et al. 2012, Development and 
genetic influence of the rectal bacterial flora of newborn 
calves. Vet Microbiol, 161:179-85.

Medical Products Agency and Strama. Recommendations 
for the treatment of lower urinary tract infections in women. 
In Swedish. 2007. www.lakemedelsverket.se/upload/halso-
och-sjukvard/behandlingsrekommendationer/UVI_rek.pdf

Medical Products Agency and Strama. Management of 
respiratory tract infections. In Swedish. 2008. www.lake-
medelsverket.se/upload/halso-och-sjukvard/behandlings-
rekommendationer/Rev_NLI-rek_091202.pdf

Medical Products Agency and Strama. Recommendations 
for treatment of acute otitis media. In Swedish. 2010. www.
lakemedelsverket.se/upload/halso-och-sjukvard/behandlings-
rekommendationer/20101011_rev_Rek_otit.pdf

Medical Products Agency and Swedish Institute for 
Communicable Disease Control. Management of phar-
yngitis. In Swedish. 2012. www.lakemedelsverket.se/upload/
halso-och-sjukvard/behandlingsrekommendationer/Rev_ 
130117_Handl%c3%a4ggning%20av%20faryngotonsil-
liter%20i%20%c3%b6ppen%20v%c3%a5rd%20-%20
ny%20rekommendation_webb.pdf

Moodley A, Stegger M, et al. 2009, Tandem repeat 
sequence analysis of staphylococcal protein A (spa) gene in 
methicillin-resistant Staphylococcus pseudintermedius. Vet Micro-
biol, 135:320-6.

Mölstad S, Andre M, et al. 2009, In common infections: to 
give or not to give antibiotics. In Swedish. Lakartidningen, 
106:3162-6.

Neumark T, Brudin L, et al. 2009, Trends in number of 
consultations and antibiotic prescriptions for respiratory 
tract infections between 1999 and 2005 in primary healthcare 
in Kalmar County, Southern Sweden. Scand J Prim Health 
Care, 27:18-24.

Neumark T, Brudin L et al. 2010, Use of rapid diagnostic 
tests and choice of antibiotics in respiratory tract infections 
in primary healthcare- A 6-y follow-up study. Scand J Infect 
Dis, 2010; 42(2): 90-96

Osland AM, Vestby LK, et al. 2012, Clonal diversity and 
biofilm-forming ability of methicillin-resistant Staphylococcus 
pseudintermedius. J Antimicrob Chemother, 67:841-8.

Perez-Perez FJ, Hanson ND. 2002, Detection of plasmid-
mediated AmpC beta-lactamase genes in clinical isolates by 
using multiplex PCR. J Clin Microbiol, 40:2153-62.

Pichon B, Hill R, et al. 2012, Development of a real-time 
quadruplex PCR assay for simultaneous detection of nuc, 
Panton-Valentine leucocidin (PVL), mecA and homologue 
mecALGA251. J Antimicrob Chemother, 67:2338-41.

Poirel L, Walsh TR, et al. 2011, Multiplex PCR for detec-
tion of acquired carbapenemase genes. Diagn Microbiol Infect 
Dis, 70:119-23.

Pringle M, Landén A, et al. 2012, Antimicrobial suscep-
tibility of porcine Brachyspira hyodysenteriae and Brachyspira 
pilosicoli isolated in Sweden between 1990 and 2010. Acta Vet 
Scand, 54:54.



SWEDRES |SVARM 2014 117

Public Health Agency of Sweden. Urinvägsinfektioner 
hos män, expertmöte med redovisning av aktuellt kun-
skapsläge mot bakgrund av ökad antibiotikaresistens. 
In Swedish. 2013. www.folkhalsomyndigheten.se/pagefiles/ 
12855/Urinvagsinfektioner-hos-man.pdf

Public Health Agency of Sweden. ESBL-producerande 
tarmbakterier. In Swedish. 2014. www.folkhalsomyndig-
heten.se/pagefiles/17838/ESBL-producerande%20tarmbak-
terier.pdf

Public Health Agency of Sweden. Vad påverkar allmän-
läkare vid förskrivning av antibiotika? In Swedish. 2014. 
www.folkhalsomyndigheten.se/documents/om-folkhalso-
myndigheten/uppdrag-styrdokument/avslutade/faktorer-
som-paverkar-lakare-vid-forskrivning-av-antibiotika.pdf

RAF. Minimiurval i resistensbesked. In Swedish. 2014. www.
sls.se/Global/RAF/Dokument/Resistens/minimiresistens-
besked-med-logga.pdf

Runnels PL, Moon HW, et al. 1980, Development of 
resistance with host age to adhesion of K99+ Escherichia coli 
to isolated intestinal epithelial cells. Infect Immun, 28:298-
300.

Shore AC, Deasy EC, et al. 2011, Detection of staphy-
lococcal cassette chromosome mec type XI carrying highly 
divergent mecA, mecI, mecR1, blaZ, and ccr genes in human 
clinical isolates of clonal complex 130 methicillin-resistant 
Staphylococcus aureus. Antimicrob Agents Chemother, 55:3765-73.

Starlander G, Börjesson S, et al. 2014, Cluster of infections 
caused by methicillin-resistant Staphylococcus pseudintermedius 
in humans in a tertiary hospital. J Clin Microbiol, 52:3118-20.

Svarm. Swedish Veterinary Antimicrobial Resistance Moni-
toring. Uppsala, Sweden. ISSN 1650-6332. www.sva.se

Swedres. Report on Swedish antimicrobial utilisation and 
resistance in human medicine. Solna, Sweden. ISBN 987-91-
86723-09-5. www.smittskyddsinstitutet.se./publikationer

Söderblom T, Aspevall O, et al. 2010, Alarming spread of 
vancomycin resistant enterococci in Sweden since 2007. Euro 
Surveill, 15.

The Swedish Association of Local Authorities and 
Regions. Punktprevalensmätning vårdrelaterade infektioner. 
In Swedish. 2014. http://skl.se/halsasjukvard/patientsaker-
het/matningavskadorivarden/matningavvriochbhk/resultat-
vardrelateradeinfektioner.2333.html

Unnerstad HE, Bengtsson B, et al. 2013, Methicillin-
resis tant Staphylococcus aureus containing mecC in Swedish 
dairy cows. Acta Vet Scand, 55:6.

van den Bogaard AE, Stobberingh EE. 2000, Epidemiology 
of resistance to antibiotics. Links between animals and 
humans. Int J Antimicrob Agents, 14:327-35.

WHO. Critically important antimicrobials for human medicine 
– 3rd revision 2011. World Health Organization, Geneva, 
Switzerland., 2012. 

Woodford N, Fagan EJ, et al. 2006, Multiplex PCR for 
rapid detection of genes encoding CTX-M extended-spec-
trum (beta)-lactamases. J Antimicrob Chemother, 57:154-5.

Växa Sverige. Redogörelse för husdjursorganisationens djur-
hälso vård 2013/2014. [Account of the livestock organisation’s 
animal health services 2013/2014]. In Swedish. 2015. www.vxa.
se/Global/Bildbank/Redog%C3%B6relse f%C3%B6r hus-
djursorganisationens djurh%C3%A4lsov%C3%A5rd 2013_ 
14.pdf



SWEDRES |SVARM 2014118

SWEDRES|SVARM 2014

The 2014 Swedish report from the monitoring of antibiotic resistance and antibiotic usage in human and 
veterinary medicine, Swedres-Svarm, is an integrated report from the Public Health Agency of Sweden 
and the National Veterinary Institute that includes data from humans, animals, and food of animal origin.

The situation in Sweden regarding antibiotic resistance in bacteria from humans and animals is favourable 
when seen in an international perspective. This confirms that the Swedish strategies to promote rational 
use and to contain antibiotic resistance have been effective. The total consumption of antibiotics in humans 
has continued to decrease and positive trends regarding choices of antibiotics have also continued in 2014. 
Downward trends are also noted for consumption of antimicrobials in animals.

Still, this year’s report also reports some unfavourable trends, for example, a large hospital in Sweden  
has been hit with VRE (vancomycin resistant enterococci) and there have been domestic human cases of 
Enterobacteriaceae with ESBLCARBA (extended spectrum beta-lactamase with activity against carbapenems) 
where the sources of infection are unknown. This highlights once again that efforts to optimize antibiotic 
use, prevent infections, and minimize dissemination of antibiotic resistance must be ongoing and  
continually improved activities.

Focus areas: 
•	 ESBL-producing	Escherichia coli with food as a potential dissemination route to humans
•	 National	campaign	for	improved	patient	safety
•	 A	national	IT	tool	for	surveillance	of	healthcare-associated	infections	and	antibiotic	use	
•	 MRSA	in	pigs	in	Sweden
•	 Risk	factors	for	antibiotic-resistant	Escherichia coli in the faeces of preweaned dairy calves
•	 SafeOrganic	–	antibiotic	resistance	in	organic	and	conventional	pig	production	in	the	EU
•	 Svarmpat	–	monitoring	resistance	in	pathogens	from	farm	animals

The Public Health Agency of Sweden has a national responsibility for public health issues. The agency  
promotes good public health by building and disseminating knowledge to professionals involved in the area  
of public health, including infectious disease prevention. 

The National Veterinary Institute (SVA) is an expert authority within the field of risk assessment, diagnostics, 
and the prevention and control of infectious animal diseases. The Institute strives for good animal and human 
health through research, contingency planning, and communication of knowledge.




