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Figure_52. (Continued). Resistance (%) to ampicillin, sulfonamides, ciprofloxacin, nalidixic acid and mecillinam in 
Escherichia coli urine isolates from humans in hospitals presented by DCM, Denmark. Rigshospitalet is the national 
referral hospital. The number (n) in parentheses represents the number of isolates tested for susceptibility in 2007; (nt) 
= not tested.
(a) Data is not shown where tests were carried out on selected isolates only						    
(b) Data from DCM Slagelse Hospital (West Zealand County) are from the last eight months of 2007					   
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Figure 53. Resistance (%) to ampicillin, sulfonamides, ciprofloxacin, nalidixic acid and mecillinam in Escherichia 
coli urine isolates from humans in primary health care by DCM, Denmark. The number (n) in parentheses 
represents the number of isolates tested for susceptibility in 2007; (nt) = not tested.
(a) Data is not shown where tests were carried out on selected isolates only 
(b) Data from DCM Slagelse (West Zealand County) are from the last eight months of 2007	 
(nt) = not tested							     
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Figure 53. (Continued). Resistance (%) to ampicillin, sulfonamides, ciprofloxacin, nalidixic acid and mecillinam 
in Escherichia coli urine isolates from humans in primary health care by DCM, Denmark. The number (n) in 
parentheses represents the number of isolates tested for susceptibility in 2007; (nt) = not tested.
(a) Data is not shown where tests were carried out on selected isolates only 
(b) Data from DCM Slagelse (West Zealand County) are from the last eight months of 2007	 
(nt) = not tested							     
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Materials and Methods
Demographics 

Hospitals in Denmark  
The reported number of hospitals in each Region 
of Denmark corresponds to the number of 
administratively distinct public hospitals, which do 
not specialize in psychiatric care (somatic hospitals) 
and report data to the Danish Medicines Agency and 
the National Board of Health. It is smaller than the 
geographical number of hospitals in Denmark since 
reorganisation of the hospital sector has resulted in 
regrouping hospitals that are distant geographically 
under the same administration and therefore the same 
name.

Additionally, certain categories of hospitals were 
excluded. This year, data from private hospitals and 
clinics, psychiatric hospitals, specialised non-acute 
care clinics, rehabilitation centres and hospices were 
excluded from DANMAP (representing approximately 
2% of the hospital consumption and of the number of 
bed-days).

Data on consumption of antimicrobial
agents

Consumption of antimicrobial agents in 
animals  
Consumption data presented in this report were 
obtained from the national monitoring program, 
VetStat since 2001. Prior to 2001, data were based on 
overall sales figures from the pharmaceutical industry 
(see Table 5). 
In Denmark, all therapeutic drugs are prescription-
only and VetStat collects data on all medicines 
prescribed by veterinarians for use in animals and 
the consumption of coccidiostatics and antimicrobial 
growth promoters. 

Until 2006, antimicrobials could only be purchased 
at the pharmacy or in medicated feed from the feed 
mills. The pharmacy either sells the medicines to 
veterinarians for use in practice or for re-sale to 
farmers, or sells directly to the animal owner on 
presentation of a prescription. By law, the profit that 
veterinarians can make on the sale of medicines is 
very limited.

From April 2 2007, the monopoly of the pharmacy 
was suspended, and private companies can now on 

certain conditions (corresponding to the pharmacies) 
sell veterinary drugs to farmers on prescription. In 
addition, price setting was liberalised, which allowed for 
discounts corresponding to lower administration cost 
related to sale of large quantities to the veterinarians. 
In 2007, the animal owners and veterinarians 
purchased the prescription drugs at pharmacies 
(88%), drug selling companies (9%) and feed mills 
(3% of the consumption). The veterinarians used or 
distributed 12.3% of the antimicrobials purchased at the 
pharmacies.  

Data on all sales of veterinary prescription medicine 
from the pharmacies, private companies, feed mills 
and veterinarians are sent electronically to VetStat. 
Veterinarians are required by law to report to VetStat 
the use of all prescription medicines in production 
animals only. The amount of drugs reported by the 
veterinary practitioners is validated against pharmacy 
data on the total sales of therapeutic drugs for use in 
practice. 
The VetStat database contains detailed information 
about source and consumption for each prescription 
item: date of sale, source ID (pharmacy, feed mill, 
veterinarian), drug identity and amount, animal species, 
age-group, disease category and code for farm-identity 
(CHR – Danish Central Husbandry Register). 

Knowledge of the target animal species enables the 
presentation of consumption data in Defined Animal 
Daily Doses (ADD). The ADD system is a national 
veterinary equivalent to the international Defined Daily 
Doses (DDD) system applied in the human field (www.
whocc.no). An ADDxx is defined as the average daily 
maintenance dose for a “standard animal” (defined by 
the assumed average bodyweight of the relevant age 
group = xx kg) within the particular animal species. 
Correspondingly, ADDkg is the dose necessary to treat 
one kg animal. The ADDkg is used to measure the 
consumption across age groups.

The length of the recommended treatment period 
may vary substantially between antimicrobial drugs, 
and the duration of the effect of one dose may vary 
considerably. To correct for this, total course dose 
has been introduced as unit of measurement for 
antimicrobial usage. Course doses is assigned per 
kilogram (live weight) of the animal species (ADCkg) 
or age group (ADCxx), based on the corresponding 
ADDkg or ADDxx, respectively, for the relevant animal 
species and drug formulations. 
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Antimicrobials used in humans / animals are presented 
in Table 41.

Consumption of antimicrobial agents in 
humans
Consumption data presented in this report were 
obtained from the Danish Medicines Agency (DMA) 
(http://www.laegemiddelstyrelsen.dk). The DMA has 
the legal responsibility for monitoring the consumption 
of all human medicinal products. This is carried out by 
monthly reporting of consumption from all pharmacies 
in Denmark, including hospital pharmacies, to the DMA. 
Data from the primary health care sector have been 
collected since 1994, whereas data on consumption in 
hospitals are available from 1997. 

In Denmark, all antimicrobials for human use 
are prescription-only medicines and are sold by 
pharmacies in defined packages. Each package is 
uniquely identified by a code which can be related to 
package size, content as number of unit doses (e.g. 
number of tablets), content as number of Defined 
Daily Doses (DDD), code of the antimicrobial in the 
Anatomical Therapeutic Chemical (ATC) classification 
system, and producer. In addition, the following 

information is collected for each transaction: social 
security number (CPR number) of the patient, code 
identifying the prescribing physician, date and place 
(pharmacy, hospital pharmacy, institution) of the 
transaction, and information regarding reimbursement 
of cost, if applicable. Information on the indication 
for the prescription is not yet available. The data are 
transferred monthly to the DMA in an electronic format. 

The present report includes data on the consumption 
of antibacterials for systemic use, or group J01 of 
the 2007 update of the ATC classification, in primary 
health care and in hospitals. As recommended by the 
World Health Organization (WHO), consumption of 
antimicrobials in primary health care is expressed as 
a number of DDDs per 1,000 inhabitants and per day 
(DDD/1,000 inhabitant-days). Consumption in primary 
health care is also reported as a number of packages 
per 1,000 inhabitants. Consumption of antimicrobials 
in hospitals is expressed as a number of DDDs 
per 1,000 occupied beds and per day (DDD/1,000 
occupied bed-days). Since antimicrobial consumption 
expressed as DDD/1,000 occupied bed-days does 
not necessarily reflect changes in hospital activity and 
production, consumption in hospitals is also presented 
as DDD/1,000 discharged patients. Data on the number 

Table 41. Antibacterials used in humans and/or in animals in Denmark a)		
Antibacterials, which are only used in animals are mentioned in italics (animal growth promoters used before 1999 are mentioned in 
parentheses)		
Antibacterials, which are used both in humans and animals are underlined.	 	

a) Antibiotics for intrammamary use in animals are included. Antibiotics only used topically in humans or in animals are not included	
b) Pristinamycin and quinupristin/dalfopristin (for humans) are not used in Denmark		
c) Although intestinal antiinfectives (A07AA) and nitroimidazole derivatives for protozoal diseases (P01AB) are used to treat human 
patients in Denmark, their consumption is not reported by DANMAP		

DANMAP 2007
ATC/ATCvet codes Therapeutic group Names of antibacterials in group
J01AA/QJ01AA/QJ51AA Tetracyclines Doxycycline, chlortetracycline , lymecycline, oxytetracycline, tetracycline, tigecycline
J01BA/QJ01BA Amphenicols Florfenicol
J01CA/QJ01CA Penicillins with extended spectrum Ampicillin, pivampicillin, amoxicillin, pivmecillinam, mecillinam
J01CE/QJ01CE Beta-lactamase sensitive penicillins Benzylpenicillin, phenoxymethylpenicillin, procaine penicillin , penethamate hydroiodide

J01CF/QJ51CF Beta-lactamase resistant penicillins Dicloxacillin, cloxacillin , flucloxacillin, nafcillin
J01CR/QJ01CR Comb. of penicillins, incl. beta-lactamase 

inhibitors
Amoxicillin/clavulanate, piperacillin/tazobactam

J01DB/QJ01DB/QJ51DA First-generation cephalosporins Cefalexin, cefadroxil , cefapirin, cephalothin
J01DC Second-generation cephalosporins Cefuroxime
J01DD/QJ01DD/QJ51DA Third-generation cephalosporins Cefotaxime, ceftazidime, ceftriaxone, cefoperazone,  ceftiofur, cefpodoxime
J01DE/QJ51DA Fourth-generation cephalosporins Cefepime, cefquinome, cefovecin
J01DF Monobactams Aztreonam
J01DH Carbapenems Meropenem, ertapenem
J01EA Trimethoprim and derivatives Trimethoprim
J01EB/QJ01EQ/QJ51R Short-acting sulfonamides Sulfamethizole, sulfadimidine, sulfathiazole
J01EE/QJ01EW Comb.of sulfonamides and trimethoprim,      

incl. derivatives
Sulfamethoxazole/trimethoprim, sulfadiazine/trimethoprim , sulfadoxine/trimethoprim

J01FA/QJ01FA Macrolides Erythromycin, spiramycin , roxithromycin, clarithromycin, azithromycin, tylosin , tilmicosin, 
acetylisovaleryltylosin, tulathromycin

J01FF/QJ01FF Lincosamides Clindamycin, lincomycin
J01FG/QJ01XX Streptogramins (Virginiamycin) b )
J01G/A07AA/QJ01G/QA07AA c ) Aminoglycosides Streptomycin , dihydrostreptomycin , tobramycin, gentamicin, neomycin , netilmicin, apramycin
J01MA/QJ01MA Fluoroquinolones Ofloxacin, ciprofloxacin, moxifloxacin, enrofloxacin , danofloxacin , marbofloxacin, difloxacin
QJ01MB Other quinolones Oxolinic acid
QJ01MQ Quinoxalines (Carbadox, olaquindox)
J01XA Glycopeptides Vancomycin, teicoplanin, (avoparcin)
J01XB/A07AA/QA07AA c ) Polypeptides (incl. polymyxins) Colistin, (bacitracin)
J01XC Steroid antibacterials Fusidic acid 
J01XD/P01AB/QJ01XD c ) Imidazole derivatives Metronidazole
J01XE/QJ01XE Nitrofurane derivatives Nitrofurantoin 
J01XX/QJ01XX/QJ01FF Other antibacterials Spectinomycin , methenamine, linezolid, daptomycin
QJ01XX9 Pleuromutilins Tiamulin, valnemulin
QP51AH Pyranes and hydropyranes (ionophores) (Monensin, salinomycin)
Not in ATCvet Oligosaccharides (Avilamycin)
Not in ATCvet Flavofosfolipols (Flavomycin)
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of occupied bed-days (or patient-days) and number 
of discharges in each hospital were obtained from the 
National Board of Health (http://www.sundhedsdata.dk). 

Collection of bacterial isolates

Isolates from animals 
Bacterial isolates included in the monitoring programme 
are collected from animals at slaughter (E. coli, 
enterococci and Campylobacter), as well as from 
diagnostic submissions (Staphylococcus hyicus from 
pigs, E. coli from diarrhoea pigs). Finally, Salmonella 
isolates from sub-clinical infections as well as from 
cases of clinical salmonellosis are included.

The samples from animals at slaughter are collected by 
meat inspection staff or company personnel and sent 
for examination to the National Food Institute, DTU 
or, if poultry, to the National Veterinary Institute, DTU. 
The number of samples taken at the slaughter plants 
is proportional to the number of animals slaughtered at 
each plant per year. Each sample represents one herd 
or flock. Samples are collected once a month (once 
weekly for broilers) in the period January-November. 
The broiler, cattle and pig slaughter plants included 
in the surveillance programme account for 95%, 90% 
and 95%, respectively, of the total number of animals 
slaughtered in Denmark per year. Accordingly, the 
bacterial isolates may be regarded as representing a 
stratified random sample of the respective populations, 
and the observed prevalence of resistant isolates 
provides an estimate of the true occurrence in the 
populations.

The National Food Institute, DTU is the national 
reference laboratory for Salmonella in animals, feeding 
stuffs and food and receives all such isolates for 
typing. Among all Salmonella isolates serotyped at 
the National Food Institute, DTU and for poultry, at 
the National Veterinary Institute, DTU, one isolate per 
serotype per farm is selected for the DANMAP report. 

Bacterial isolates from diagnostic submissions are 
selected by a pseudo-random process that also 
includes isolates from submissions to the National 
Food Institute, DTU and from the Laboratory of 
Swine Diseases, Danish Meat Association, Kjellerup. 
Accordingly, the programme achieves nationwide 
coverage for these pathogens.

Isolates from food   
All food samples were collected at wholesale and 
retail outlets by the Regional Veterinary and Food 

Control Authorities (RFCA) in all regions of Denmark 
during the course of routine inspection carried out by 
the authorities, or on specific request from the Danish 
Veterinary and Food Administration (DVFA) for the 
DANMAP surveillance programme. The collected 
material consisted of both Danish and imported foods. 
The food samples were collected according to the 
guidelines for microbiological examination of foods from 
the DVFA [Vejledning nr. 9613 af 20. Dec. 2002 om 
offentlig mikrobiologisk kontrol af fødevarer]. 

Isolates from humans  
Salmonella spp. Campylobacter spp. Antimicrobial 
susceptibility was performed on a sample of human 
faecal isolates submitted to SSI. Exact figures of the 
proportion tested and the sampling strategy for the 
different species can be found in the corresponding 
chapters of this report. 

Campylobacter jejuni were selected among isolates 
from patients in three geographical regions: Northern 
Jutland, Funen and Roskilde/Køge. Isolates were 
selected randomly among travel-associated and 
domestically acquired infections, respectively, to obtain 
almost equal numbers of isolates in these two groups.

Staphylococcus aureus bacteremia. One isolate 
from each case of S. aureus bacteremia (defined as 
a blood isolate from a patient using a 30 days window 
from previous positive cultures) from 15 of the 16 
Danish counties were referred to SSI on a voluntary 
basis. 

Methicillin resistant Staphylococcus aureus 
(MRSA). MRSA is a notifiable disease (since 
November 1 2006). One isolate from all new cases, 
defined as the first time a given MRSA strain is isolated 
in a person both from clinical samples (infections) and 
samples from healthy carriers is referred to SSI for 
characterization and storage. 

Invasive Streptococcus pneumoniae, group A, 
B, C and G streptococci.  All blood and spinal fluid 
isolates nationwide are sent to SSI for determination or 
confirmation of susceptibility testing and typing. 

Escherichia coli, coagulase-negative staphylococci 
and Streptococcus pyogenes. Data was provided 
on all isolates recorded from either blood samples (E. 
coli, coagulase-negative staphylococci), urine samples 
(E. coli) or all clinical samples (S. pyogenes) submitted 
for susceptibility testing to the participating DCM at 
Statens Serum Institut or the following hospitals: 
Rigshospitalet, Hvidovre, Herlev, Hillerød, Slagelse, 
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Næstved, Odense, Esbjerg, Vejle, Herning, Århus, 
Viborg, and Aalborg. From the DCM at Slagelse 
Hospital, only data from the last eight months of 2007 
are included. 

Isolation and identification of bacteria

Isolates from animals
Salmonella spp. Examination of samples was done 
by non-selective pre-enrichment of 22-25 g material in 
a 1:10 dilution with buffered peptone water (BPW) and 
incubated 16-20 hours at 37°C. A plate with Modified 
Semi-solid Rappaport-Vassiliadis (MSRV) medium was 
inoculated with 0.1 ml of BPW deposited on the agar as 
3 drops and in addition for cattle samples 1.0 ml BPW 
was inoculated in 9 ml selenite cystein broth. After 
enrichment overnight at 41.5°C material from MSRV 
swarming zones and 0.01 ml broth were inoculated 
onto Brilliant Green Agar (for samples from cattle 
and pigs) or onto Rambach Agar (for samples from 
poultry). Overnight incubation at 37°C was followed by 
serotyping of suspect colonies by slide agglutination.

Campylobacter spp. The samples were examined 
by direct inoculation of selective agar (samples from 
pigs and poultry) or by selective enrichment (samples 
from cattle). The selective agar (mCCD) was incubated 
in micro-aerophilic atmosphere for 1-5 days at 42°C. 
Selective enrichment was done by inoculation of 
Preston broth at a ratio of 1:10, followed by incubation 
in microaerophilic atmosphere for 24 h at 42°C. Ten µl 
of the enrichment culture was inoculated onto mCCD 
agar and incubated 1-5 days at 42°C. Campylobacter-
like colonies were identified by phase-contrast 
microscopy, by catalase activity and the ability to 
hydrolyse hippurate and indoxyl acetate. For isolates 
from cattle and pigs, oxidase activity was also tested. 

Escherichia coli from healthy animals (indicator 
E. coli). The material was inoculated directly onto 
Drigalski agar and incubated at 37°C overnight. For 
poultry, yellow colonies that were catalase positive 
and oxidase negative were identified according to 
the following standard criteria: indole, citrate, methyl 
red and Voges-Proskauer reaction. For cattle and 
pigs, yellow colonies were inoculated onto CHROM 
Orientation agar, and red colonies were identified as E. 
coli after incubation at 37°C overnight.

Enterococci from pigs.  One drop of faecal material 
suspended in 2 ml sodium chloride (0.9%) was 
spread on Slanetz-Bartley agar and incubated for 
2 days at 42°C. Up to three colonies showing a 
morphology typical of E. faecalis and E. faecium were 

sub-cultivated onto blood agar. White colonies were 
identified by the following criteria: motility, arginine 
dihydrolase and the ability to ferment mannitol, sorbitol, 
arabinose, raffinose and melibiose.

Enterococci from broilers. Cloacal swabs were 
incubated overnight at 42°C in Enterococcus Selective 
Broth, prepared with a composition identical to that 
of Enterococcosel broth. Cultures were streaked on 
Slanetz-Bartley agar and incubated for 48h at 37°C. 
Colonies that morphologically resembled E. faecium 
and E. faecalis were identified to species level using 
standard biochemical and physiological tests as 
described above. 

Pathogens. The diagnostic submissions were 
examined according to the standard procedures 
employed by the participating laboratories. 

Isolates from food   
Salmonella spp. were isolated according to the 
guidelines for microbiological examination of foods from 
the Danish Veterinary and Food Administration [NMKL 
No. 71, 5th ed., 1999]. Sero- and phage-typing was 
performed at the National Food Institute, DTU. 

Campylobacter spp. were isolated according to the 
guidelines for microbiological examination of foods 
from the Danish Veterinary and Food Administration. 
[NMKL No. 119, 3rd ed., 2007]. Subsequently, due to 
outsourcing, the isolates were sent to Eurofins A/S for 
further identification.   

Indicator E. coli were isolated by the RFCA and 
subsequently, due to outsourcing, sent to Eurofins 
A/S for verification of species identification. E. coli 
were isolated by adding 5 g of the sample to 45 ml 
of MacConkey- or laurylsulfphate-broth, which was 
incubated overnight at 44°C, and subsequently 
streaked onto violet red bile agar and incubated for 24h 
at 44°C. Presumptive E. coli were identified as E. coli 
using API 20E test (BioMérieux, France).

Enterococci were isolated by the RFCA and 
subsequently, due to outsourcing, sent to Eurofins A/S 
for verification of species identification. Enterococci 
were isolated by adding 5 g of the sample to 45 ml of 
azide dextrose broth, which was incubated overnight 
at 44°C, and subsequently streaked onto Slanetz-
Bartley agar. After incubation at 44°C for 48h the plates 
were examined for growth, and colonies typical of E. 
faecium and E. faecalis were sub-cultured on blood 
agar. Species identification was performed by PCR 
according to Dutka-Malen S et al. J. Clin.Microbiol., 
1995; 33:24-27.
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Isolates from humans    
Salmonella spp. isolates were serotyped according to 
the Kauffman-White Scheme. 

Campylobacter spp. Species identification was 
performed using a species specific PCR assay [Klena 
JD et al., J. Clin. Microbiol. 2004; 42: 5549-5557]. 

Staphylococcus aureus. S. aureus blood isolates 
and methicillin-resistant S. aureus (MRSA) in Denmark 
were typed using  sequencing of the S. aureus specific 
spa gene as the primary typing method [Harmsen 
D et al. J. Clin. Microbiol 2003; 41: 5442-5448]. spa 
negative isolates were confirmed as S. aureus by tube 
coagulase test. Selected isolates were additionally 
typed by multi locus sequence typing (MLST) [Enright 
MC et al. J. Clin. Microbiol 2000; 38: 1008-1015] and 
annotated using eBURST v.3 software (www.mlst.net). 
Based on the spa and MLST typing, each isolate was 
assigned to a clonal complex (CC). For MRSA isolates, 
presence of the mecA methicillin resistance gene was 
confirmed by PCR [Larsen AR et al. Clin. Microbiol.
Infect. 2008; 14(6): 611-4].

Susceptibility testing

Antimicrobial susceptibility testing of Salmonella spp., 
Campylobacter spp., indicator E. coli, Enterococcus 
spp. and Staphylococcus hyicus was performed 
with a commercially available MIC technique 
using dehydrated antimicrobials in microtitre wells 
(Sensititre, Trek Diagnostic Systems Ltd., UK). The 
wells were inoculated and incubated according to 
the CLSI guidelines. The MIC was defined as the 
lowest concentration of antimicrobial with no visible 
growth. In DANMAP 2007, the data was interpreted 
using epidemiological cut-off values instead of clinical 
breakpoints. The cut-off values are presented in Table 
42. The following strains were used for quality control: 
Staphylococcus aureus ATCC 29213, Escherichia coli 
ATCC 25922, Pseudomonas aeruginosa ATCC 27853, 
Enterococcus faecalis ATCC 29212 and Campylobacter 
jejuni ATCC 33560. 

Isolates of animal origin were susceptibility tested at 
the National Food Institute, DTU and for poultry, at the 
National Veterinary Institute, DTU. The Salmonella 
spp., Campylobacter spp., indicator E. coli and 
Enterococcus spp. of human origin were susceptibility 
tested at the SSI. Isolates from food were susceptibility 
tested at Eurofins A/S, but due to the quality of the 
data, the results on E. coli and Enterococcus spp. can 
not be published in the DANMAP report. All Salmonella 

spp. from foods were susceptibility tested at the 
National Food Institute, DTU.   

One isolate per bacterial species per herd, or per food 
sample, or per patient was tested for antimicrobial 
susceptibility.

Additional information on human iso-
lates 

Staphylococcus aureus. Susceptibility testing was 
performed using the tablet diffusion method (Neo-
Sensitabs®, A/S Rosco, Denmark) on Danish Blood 
Agar (SSI Diagnostika, Denmark) towards: penicillin, 
cefoxitin, streptomycin, kanamycin, erythromycin, 
clindamycin (only when isolate was resistant to 
erythromycin), tetracycline, fusidic acid, norfloxacin 
and linezolid.  A cefoxitin 60 µg tablet was used for 
screening for methicillin susceptibility. Isolates with 
an inhibition zone <29 mm were further tested for 
the presence of the mecA gene by PCR. In addition, 
MRSA isolates were screened for susceptibility towards 
glycopeptides using Etest® (AB Biodisk, Sweden) on 
Brain-Heart infusion agar (Becton Dickinson, Germany) 
with inoculum of McFarlane 2.0. In case of MIC >8 
mg/L for vancomycin and teicoplanin or an MIC >12 
mg/L for teicoplanin, population analysis profile against 
vancomycin were performed [Wootton M et al. J. 
Antimicrob. Chemother., 2001, 47:399-404].

Streptococcus pneumoniae. Screening for penicillin-
resistant S. pneumoniae was performed using a 1 μg 
oxacillin disk (Oxoid, Greve, Denmark) on 10% horse 
blood agar (SSI Diagnostika, Hillerød, Denmark), 
and for erythromycin-resistant S. pneumoniae using 
a 78 μg erythromycin tablet (Neo-Sensitabs®, A/S 
Rosco, Taastrup, Denmark) on 10% horse blood agar 
(SSI Diagnostika). The breakpoints used were those 
defined by the CLSI. Penicillin and erythromycin MIC’s 
were determined using the Etest (AB Biodisk, Solna, 
Sweden) on Danish Blood Agar (Resistensplade, 
SSI Diagnostika) incubated at 360C, 5% CO2. The 
breakpoints used were those defined by Etest. 

Invasive group A, B, C and G streptococci. 
Screening for penicillin-resistant streptococci was 
performed using a 1 μg oxacillin disk (Oxoid, Greve, 
Denmark) on 10% horse blood agar (SSI Diagnostika, 
Hillerød, Denmark), and for erythromycin-resistant 
streptococci using a 78 μg erythromycin tablet (Neo-
Sensitabs®, A/S Rosco, Taastrup, Denmark) on 10% 
horse blood agar (SSI Diagnostika). Erythromycin 
resistant streptococci were tested with a 15 μg 
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erythromycin disk (Oxoid) and a 15 μg clindamycin 
disk (Oxoid, Greve, Denmark) on Danish Blood Agar 
(Resistensplade, SSI Diagnostika). Erythromycin MIC’s 
were determined using the Etest (AB Biodisk, Solna, 
Sweden) on Danish Blood Agar (Resistensplade, 
SSI Diagnostika) incubated at 360C, 5% CO2. The 
breakpoints used were those defined by the CLSI, 
resistant isolates were defined as both fully and 
intermediate resistant isolates. 

Escherichia coli, coagulase-negative staphylococci, 
and Streptococcus pyogenes. In 2007, the DCM 
at Statens Serum Institut, the hospitals in Næstved, 
Odense and Viborg, and Rigshospitalet, which is the 
national referral hospital, used the tablet diffusion 
method (Neo-Sensitabs®, A/S Rosco) on Danish 
Blood Agar (Resistensplade, SSI Diagnostika) and the 
breakpoints defined for this medium by A/S Rosco. 
However, the DCM at Odense Hospital used Neo-
Sensitabs® on Müeller-Hinton II agar (SSI Diagnostica) 
when testing urine isolates and Columbia agar with 
4.5% NaCl (SSI Diagnostika) for oxacillin-susceptibility 
of staphylococci. The DCM at Vejle Hospital used 
the Neo-Sensitabs® on Müeller-Hinton II agar (SSI 
Diagnostica) and the breakpoints defined for this 
medium by A/S Rosco.The DCM at Esbjerg Hospital 
used the tablet diffusion method (Neo-Sensitabs®, A/S 
Rosco) on Müeller-Hinton II agar (SSI Diagnostika) 
when testing E. coli. The DCM at Aalborg Hospital 
also used the Neo-Sensitabs® on Mueller-Hinton II 
agar (SSI Diagnostika) in combination with the tablet 
diffusion method (A/S Rosco) and the breakpoints 
defined by the Swedish Reference Group for 
Antibiotics. The only material exception from SRGA 
was that the wildtype population of E. coli was deemed 
susceptible for ampicillin (and not intermediately 
susceptible).

In 2007, the DCM at Hvidovre, Herlev, Herning, and 
Århus Hospitals used the disk diffusion method (Oxoid, 
Basingstoke, UK) on Iso-Sensitest (ISA) medium 
(Oxoid). The DCM at Slagelse Hospital used the same 
disks on Iso-Sensitest (ISA) medium with or without 
5% horse blood (Oxoid) according to test material 
and bacterial species. The DCM at Hillerød Hospital 
used the disk diffusion method on Iso-Sensitest (ISA) 
medium with blood from January to August, and then 
shifted to ISA medium without blood. All laboratories 
performing the disk diffusion method used the 
breakpoints defined by the Swedish Reference Group 
for Antibiotics (Available from: URL: http://www.srga.
org/).

All submitting laboratories participate in national and 
international quality assurance collaborations such 
as the United Kingdom National External Quality 
Assessment Schemes (NEQAS). 
 
Quinupristin/dalfopristin breakpoint
The epidemiological cut-off value suggested by 
EUCAST for quinupristin/dalfopristin when testing 
E. faecium is >1 μg/ml. In DANMAP, E. faecium 
isolates with MICs >4 μg/ml are reported resistant to 
quinupristin/dalfopristin. An evaluation study on this 
subject was presented in the DANMAP 2006 report, pp. 
49-50.

Performance test

As part of the DANMAP programme, a performance 
test for susceptibility testing has been carried out once 
a year to ascertain the comparability of susceptibility 
tests of the laboratories involved in the presentation 
of data. By time, the susceptibility testing method 
used by the participating laboratories has become 
fully harmonized. Thus, all laboratories perform MIC-
testing with use of the Sensititre system and follow 
the CLSI guidelines for inoculation and incubation. In 
2007, it was decided to change the frequency of the 
performance testing to every second year with data 
presented in even years. The results of the previous 
performance test are presented in the DANMAP 2006 
report, page 86: A total of 1264 antibiotic-bacterium 
susceptibility tests were performed on 5 E. coli 
strains, 5 Salmonella spp., 5 Enterococcus spp. and 9 
Campylobacter spp., and the overall result was 0.48% 
failures. The quality of susceptibility data from future 
laboratories, that enter the DANMAP programme, will 
of course be validated when needed.   

Data handling

Data on animal isolates
The results from the primary examination of samples 
from slaughterhouses and primary production for 
the bacteria of interest – positive as well as negative 
findings – and of the susceptibility testing were 
stored in an Oracle Database 8i Enterprise Edition®. 
The susceptibility data were stored as continuous 
values (MIC) as well as categorised as susceptible 
or resistant, respectively, as defined by the relevant 
epidemiological cut-off values. Each isolate was 
identified by the bacterial species, including subtype 
as applicable and by the date of sampling and the 
species of animal. Information on the farm of origin was 
also recorded. All handling and evaluation of results 
was carried out using SAS®Software, SAS Enterprise 
Guide 3.0.
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Data on food isolates
Results from the analysis of food samples were 
reported via the database administrated by the Danish 
Veterinary and Food Administration. For each bacterial 
isolate information is available on the food type, 
bacterial species, date of sampling, date of examination 
of the sample, the Regional Veterinary and Food 
Control Authorities that collected and processed the 
sample, and an identification number, which makes it 
possible to obtain further information about the isolate 
from the Authority. Furthermore, information about the 
country of origin was recorded whenever possible.

Data on human isolates  
Salmonella spp. and Campylobacter spp. Data on 
Salmonella spp. and Campylobacter spp. infections 
are stored in the Danish Registry of Enteric Pathogens 
(Microsoft®Access) maintained by SSI. This register 
includes only one isolate per patient within a window of 
six months and includes data on susceptibility testing of 
gastrointestinal pathogens.

Methicillin resistant Staphylococcus aureus 
(MRSA). Characteristics of the isolates and the clinical/
epidemiological information were obtained from the 
Danish MRSA register at SSI (mandatory reportable). 
This database contains both clinical information and 
strain characteristics on all new cases of MRSA i.e. 
diagnosed for the first time with a given MRSA strain 
regardless whether the person had an infection or was 
a healthy carrier. Based on the reported information, 
MRSA cases were classified as colonisation/active 
screening (i.e. surveillance samples to detect nasal, 
throat, gut or skin colonisation) vs. infection and 
classified epidemiologically as imported (i.e. acquired 
outside Denmark), acquired in a Danish hospital, 
defined as diagnosed >48 hours after hospitalization 
with no sign of infection at admittance (HA-MRSA) or 
diagnosed outside hospitals (community onset). MRSA 
cases with community onset were further classified 
according to risk factors during the previous 12 months 
as either health care associated with community onset 
(HACO) or community acquired (CA). Health care 
associated risk factors included prior hospitalizations 
or stay in long-term care facilities within 12 months 
prior to MRSA isolation, and being a health care 
worker. Community risk factors included known MRSA 
positive household members or other close contacts. 
Non-Danish origin defined as the person or one of the 
parents being born outside Denmark was investigated 
through the Danish Civil Registry. 

Streptococcus pneumoniae, group A, B, C and G 
streptococci. Data on susceptibility testing of isolates 
are stored as MIC’s in a Microsoft® Access database 
at SSI. Analysis including selection of isolates from 
blood and spinal fluid samples and removal of duplicate 
isolates was performed with Microsoft® Excel. 

Escherichia coli and coagulase-negative 
staphylococci. Fourteen DCM provided aggregated 
data on resistance levels in E. coli blood and urine 
isolates and coagulase-negative staphylococci blood 
isolates. Data were extracted from the following 
laboratory information systems:
- ADBakt (Autonik AB, Skoldinge, Sweden) for the DCM 
at Hvidovre, Herlev, Slagelse, and Aalborg Hospitals;
- MADS (DCM, Skejby Hospital, Århus, Denmark) for 
the DCM at Rigshospitalet and Næstved, Odense, 
Esbjerg, Vejle, Herning, Århus (Skejby) and Viborg 
Hospitals;
- SafirLIS Microbiology (Profdoc Lab AB, Borlänge, 
Sweden) for the DCM at Hillerød Hospital.
For the former Roskilde County, resistance data on E. 
coli from blood samples was obtained from the DCM 
at SSI, and resistance data on E. coli from hospital 
urine samples from the chemical laboratory at Roskilde 
Hospital.
Laboratories were asked to provide data on the 
number of isolates tested and the percentage found 
to be resistant to selected antimicrobials. Although all 
laboratories were asked to remove duplicate isolates 
from the same patient within a window of 30 days, 
half of them were unable to comply with this rule. The 
other half removed duplicates so only one isolate was 
reported from each patient. Generally, resistance data 
were excluded if susceptibility to a certain antimicrobial 
was tested on only a selected number of isolates. 

Calculation of confidence limits and differ-
ences between proportions
Estimation of exact 95% (two-sided) confidence 
intervals for proportions were based on binomial 
probability distributions as described in Armitage & 
Berry (2001), Statistical Methods in Medical Research, 
4th ed. 2001, Oxford: Blackwell Scientific Publications. 
Significance tests of differences between proportions of 
resistant isolates were calculated using SAS®Software, 
SAS Enterprise Guide 3.0 or StatCalc in EpiInfo™ 
v. 6. Yates continuity correction or Fishers exact test 
(2-tailed) was applied when appropriate. P-values were 
reported to the first significant figure except P-values 
smaller than 0.0001, these were reported as P<0.0001.  
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