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aBsTRacT
INTRODUCTION: Development of antimicrobial resistance is 
an ongoing and increasing problem. To provide the best 
possible treatment for patients it is crucial that clinicians 
are aware of the local antimicrobial susceptibility patterns. 
The aim of this study was to present an overview of the per-
centage of bacterial isolates that are covered by the most 
commonly used antibiotics in the area of Copenhagen and 
to provide clinicians with a practical tool to help chose the 
right antimicrobial treatment for their patients. 
METHODS: We conducted a study of all bacteria isolates 
tested for antimicrobial susceptibility at Hvidovre Hospital, 
Denmark, from 2004 to 2008. Due to a suspected rise in re-

sistance in Staphylococcus aureus, Escherichia coli and 

Klebsiella pneumoniae after this period, updated data for 
these bacteria are shown for selected antibiotics until 2014. 
The department receives samples from hospitals as well as 
from primary health care. Only one isolate per species per 
patient per year was included. 
RESULTS: A total of 224,033 bacteria isolates were included 
in this study. The antimicrobial susceptibility of the various 
bacteria is presented in a table. No clinically relevant  
changes in resistance patterns were noted up to 2014. 
CONCLUSIONS: A comprehensive and manageable inventory 
of the resistance patterns of the major bacteria covering 
the 2004-2008 period is presented. Clinicians are encour-
aged to use the pocket-size table as guidance when choos-
ing antibiotic treatment. 
FUNDING: none.
TRIAL REGISTRATION: not relevant.

 
The increase of antimicrobial resistance challenges the 
clinician who is selecting empiric antibiotic treatment for 
patients. Certain bacteria appear persistently resistant 
to a number of antibiotics or even acquire resistance to 
several antibiotics over time and during the treatment 
course [1-4]. Infections involving resistant bacteria are 
associated with an increased morbidity and mortality as 
seen for fluoroquinolone-resistant Salmonella species 
[5], methicillin-resistant Staphylococcus aureus (MRSA) 
[6] and penicillin-resistant Streptococcus pneumoniae 
(pneumococci) [7]. As the identification of the aetio-
logical pathogen is usually determined later than the 

need for treatment, knowledge of the local antimicrobial 
susceptibility patterns is fundamental to provide the 
correct initial treatment. 

The efficacy of antimicrobial treatment depends on 
the minimum inhibition concentration (MIC) as well as 
the antibiotic concentration at the focus of infection 
over a period of time [8]. The susceptibility profile,  
covering a range of antibiotics, is called the bacteria’s 
antibiogram. General recommendations on symptomatic 
treatment of infections are frequently a topic of discus-
sion. Usually, local recommendations and local guide-
lines exist alongside the national guidelines which are 
updated annually online in Denmark [9]. 

The aim of our study was to provide an overview of 
bacterial strains identified in a five-year period at the 
Department of Clinical Microbiology at Hvidovre Hospital, 
Denmark, and to present their antibiograms in order to 
provide clinicians with a helpful tool that can assist and 
help them in selecting the proper antibiotic treatment. 
The study also aimed to describe the development of  
antimicrobial resistance for S. aureus, Escherichia coli and 
Klebsiella pneumoniae in the subsequent period. We 
compared our findings with national surveillance data 
from Statens Serum Institut (SSI), the National Food 
Institute and the Danish Veterinary and Food Admin-
istration, which publish an annual report on antimicrobial 
susceptibility patterns in Denmark for certain bacteria 
from humans, animals, and food, DANMAP [10].

mEThOds
design and settings
We conducted a study based on antibiograms from all 
bacterial strains tested for antimicrobial susceptibility at 
the Department of Clinical Microbiology at Hvidovre 
Hospital in the five-year period from 2004 to 2008. Only 
one isolate per species per patient per year was includ-
ed. Additionally, data on susceptibility profiles for S. au-
reus, E. coli and K. pneumoniae in the 2008-2014 period 
were obtained.

The department analysed patient samples from 
hospitals and primary health care (e.g. 38% hospital and 
62% primary care samples in 2008). Samples from the 
hospitals of Amager, Bispebjerg, Bornholm, Frederiks- 
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berg, Hvidovre and also samples from primary health 
care in the municipalities of Frederiksberg and Copen-
hagen were all analysed at the department. As from 
2011, samples from Glostrup Hospital and ten munici-
palities in the Greater Copenhagen area were also ana-
lysed at the department.

data collection and determination of susceptibility 
Bacterial strains isolated from all types of specimens 
were included, e.g. E. coli in urinary tract infections, and 
pneumococci commonly found in the respiratory organ. 
Strains were identified using traditional clinical micro-
bio logical methods [11], and susceptibility testing was 
performed according to the EUCAST methodology [12]. 
The registered antibiograms for the five-year period 
were pooled according to clinical relevance, e.g. S. au-
reus separately but all coagulase-negative staphylococci 
together. In case of resistance towards several antibiot-
ics with the same mechanism of action, class-resistance 

and the susceptibility towards a single antibiotic were 
extrapolated to other antibiotics as presented in  
Table 1.

When only sparse data were available, i.e. less than 
100 isolates or less than 50% of the isolates were tested, 
this was marked in Table 1. When both criteria defining 
sparse data were met, the data were excluded. All inter-
mediate susceptible isolates were labelled as resistant in 
Table 1. Table 1 was completed based on literature [13] 
in those cases in which a certain combination of a bacte-
rial species and antibiotic was not investigated in our 
data, but is, nevertheless, considered clinically relevant. 
In these cases, susceptibility was classified as “mostly re-
sistant”, “variable” or “mostly susceptible”. 

Trial registration: not relevant.

REsUlTs 
The antimicrobial susceptibility of 224,033 bacterial 

TaBlE 1

Susceptibility prevalence for isolates tested at Hvidovre Hospital in the 2004-2008 period and susceptibility (mostly susceptible, variably susceptible, mostly resistant) based on litera-
ture. The numbers are %. 

antibiotic

staphylococcus 
aureus  
(n = 54,376)

coagulase-neg. 
staphylococci
(n = 42,326)

haemolytic 
streptococci
(n = 26,594)

non-haemolytic 
streptococci
(n = 7,217)

Pneumococci
(n = 5,919)

Enterococci
(n = 12,800)

listeria  
monocytogenes
(n = 35)

neisseria  
gonorrhoeae
(n = 869)

neisseria
meningitidis
(n = 65)

Penicillina 10 (16) 100 (96) 96g (0) [94] 29 [95]

Ampicillina 10 (16) 100 (96) 96g 96 [100] R [98]

Dicloxacillin 98d 44d Se Se Se (0) R R R

Piperacillin/ 
tazobactam

Se - S S S 96h S S S

Pivmecillinam R R R R R R R V V

Cefuroxime (98)d (44)d (99) (91) 96g R R S S

Ceftriaxone 98d 44d (99)f (91)f 96f R R 99 S

Meropenemb 98 44 S S S V S S S

Fucidin 77 52 V V V V V V V

Erythromycin 94 59 95 (81) 94 R R R R

Vancomycin (100) (100) (98) (98) (100) (98) [96] R R

Gentamicin 99 (75) R R R R R S S

Ciprofloxacin V (52) R R R V V (43)i [100]

Moxifloxacinc S (52) (99) (94) (99) (10) V 43 100

Metronidazole R R R R R R R R R

Tetracycline V V V V V V V V V

Chloramphenicol V V S S S V S V S

Rifampicin (98) (94) (98) S (98) (14) V V S

Linezolid S (99) (90) S (100) (96) S R R

Clindamycin S (51) (92) [85] (94) R V V

Sulfonamide V V V V V R S V 0

Trimethoprim (95) (87) (94) V V 83 V V V

Nitrofurantoin (99) (98) (97) V V R 0 V 0

(): < 50% of the isolates were tested for susceptibility; []: < 100 isolates were tested for susceptibility.
MIC = minimum inhibition concentration; R = mostly resistant; S = mostly susceptible; V = variably susceptible.
a) For Streptococcus- and Staphylococcus species the susceptibility to penicillin and ampicillin were counted together. 
b) All bacteria that are susceptible to cefuroxime were considered susceptible to meropenem.
c) For Staphylococcus species and Gram-negative bacteria, except for Pseudomonas species, determined by susceptibility to ciprofloxacin.
d) Determined by susceptibility to cefoxitin.
e) Susceptible, but usually not considered as 1st choice for treatment.
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samples were tested during the 2004-2008 period and 
included in this study. The bacterial resistance patterns 
derived from the bacteria’s antibiograms are listed in  
Table 1.

To establish the present-time usability of the table, 
antibiograms for S. aureus, K. pneumoniae and E. coli 
covering the 2008-2014 period were also included. The 
specific number of isolates, the tested antibiotics and 
the results are presented in Table 2. The susceptibility 
for S. aureus decreased significantly in the course of the 
2008-2014 period, for both dicloxacillin and gentamicin, 
(p < 0.02 in both cases), although the susceptibility re-
mained relatively high for both, above 97%. We found  
a statistically significant decrease in cefuroxime sus-
ceptibility during over 2008-2014 period for E. coli (p = 
0.018), but susceptibility was unchanged for gentamicin 
and ciprofloxacin in the same period. The susceptibility 
of K. pneumoniae to cefuroxime, gentamicin and cipro-
floxacin increased in the 2008-2014 period, with p- 
values of < 0.001, 0.037, < 0.001, respectively. 

discUssiOn 
This study presented a comprehensive overview of bac-
terial resistance patterns from a significant area of Co-
penhagen. Data were not segregated according to type 
or origin of infection, as bacterial resistance within the 
bacterial species is very similar across hospitals and gen-
eral practices in our data which is in concordance with 

TaBlE 1, cOnTinUEd

antibiotic

moraxella  
catarrhalis 
(n = 3,332)

haemophilus  
nfluenzae 
(n = 7,347)

Escherichia  
coli 
(n = 43,401)

Proteus  
mirabilis 
(n = 2,058)

Klebsiella  
species 
(n = 8,791)

salmonella 
species
(n = 1,065)

Other  Entero-
bacteriaceaek

(n = 6,614)

Pseudomonas
aeruginosa
(n = 5,833)

clostridium 
species
(n = 1,088)

Bacteroides
species
(n = 1,371)

Penicillina 0 0 R [0] [0] R R R (97) (5)

Ampicillina 0 89 61 75 1 84 R 0 S V

Dicloxacillin 0 0 0 R R R R R R R

Piperacillin/
tazobactam

S S (81) (99) S (94) S 97j S V

Pivmecillinam V V 91 82 83 94 83 0 R R

Cefuroxime 99 99 97 94 91 0 0 0 R R

Ceftriaxone 99f S (97)f 94 (91) (94) (35) 0 R R

Meropenemb S S (100) (99) (100) 97 (99) 0 V V

Fucidin V 99 0 0 0 0 0 0 R R

Erythromycin 95 0 R R 0 V 0 0 R V

Vancomycin R R R R R R R R R R

Gentamicin (99) (99) 98 97 96 (91) 98 99 R R

Ciprofloxacin 99 (99) 91i 94 89 88 95 96j R V

Moxifloxacinc 100 100 91 94 89 88 95 0 V V

Metronidazole R R R R R R R R 97 100

Tetracycline V S V R V V V V V V

Chlor-
amphenicol

V V V V V V V V V V

Rifampicin S V 0 R 0 0 0 0 R R

Linezolid R R R R R R R R S R

Clindamycin 0 R 0 0 0 0 0 0 (92) (86)

Sulfonamide 0 0 68 73 (80) 73 (87) (1) R R

Trimethoprim V V 80 76 85 94 91 (0) R V

Nitrofurantoin 0 0 97 0 0 0 38 (0) R R

f) Determined by susceptibility to cefuroxime.
g) Determined by susceptibility to oxacillin (Pneumococci with intermediate susceptibility to penicillin are labelled as resistant, although only pneumococcal infections with foci as 
meningitis, cerebral abscesses need increased treatment doses).
h) Determined by susceptibility to ampicillin.
i) Determined by susceptibility to nalidixan followed by additional MIC-tests.
j) Increased doses recommended.
k) Proteus vulgaris, Enterobacter species, Serratia species, Citrobacter species. 

Antimicrobial susceptibil-
ity is determined by  
various standardised  
methods, e.g. disk diffu-
sion methods. (Image by  
Rodolfo Parulan).
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the national level surveillance for Denmark [10]. Al-
though bacteria are found in a blood culture, they may 
originate from the patient’s gut, skin, airways or other 
foci. To ensure a complete and useful overview, samples 
from all five years were included as the level of resist-
ance for most bacterial species in hospitals and primary 
health care has remained constant for the past ten years 
[10]. 

S. aureus, K. pneumoniae and E. coli are the main 
bacteria  topreviously have shown alarming resistance 
development patterns [14, 15]. Therefore, data on these 
bacteria were updated. 

MRSA have been of great interest in Denmark over 
the past decade due to an epidemic increase in Copen-
hagen ten years ago [16]. Our data showed a significant 
increase in MRSA from 1.8 to 3.0% during the 2008-2014 
period (Table 2), which corresponds to the findings of 
DANMAP [10]. However, we found slightly more methi-
cillin resistance than did DANMAP on a national scale. 
This discrepancy may be caused by a varying number of 
strains or a different distribution of specimen types. The 
observed changes in susceptibility since 2008 are of no 

clinical relevance. It therefore seems reasonable to state 
that, overall, the 2004-2008 data can still be used as a 
practical tool when choosing therapy in 2015. For S. au-
reus, both dicloxacillin and gentamicin, susceptibility re-
mained relatively high, above 97%.

As demonstrated in Table 2, the resistance profiles 
of E. coli seem relatively stable, but a significant de-
crease in cefuroxime susceptibility from 96% to 93-94% 
was found. Our findings are in accordance with the 2013 
DANMAP report. A notable finding in our study was the 
high susceptibility of E. coli to pivmecillinam (Table 1).

The development was more favourable for K. pneu-
moniae than for E. coli, as K. pneumoniae susceptibility 
to cefuroxime, gentamicin and ciprofloxacin increased 
significantly over the 2008-2014 period in the 
Copenhagen area (Table 2) and the susceptibility is now 
at the national level of resistance reported in DANMAP 
[10]. This decline in resistance can be explained by the 
effects of a large multidisciplinary intervention, includ-
ing antimicrobial stewardship in one of the hospitals 
[17]. 

Another finding worth noticing was the penicillin 

TaBlE 2

Susceptibility profiles for 
Staphylococcus aureus, 
Klebsiella pneumoniae 
and Escherichia coli 
against selected antibiot-
ics in the 2008-2014  
period.

Year significance of

species antibiotic 2008 2009 2010 2011 2012 2013 2014 changes, p-value

S. aureus
Dicloxacillin

Isolates, n 10,739 10,983 11,319 15,943 27,917 29,746 35,091

Susceptibility, % 98.2 97.4 97.5 97.1 97.0 96.9 97.0 0.0118

Gentamicin

Isolates, n 10,863 10,879 1,019 15,617 26,939 28,787 21,613

Susceptibility, % 99.6 99.5 99.4 99.3 99.4 99.3 99.3 0.0112

K. pneumoniae
Cefuroxime 

Isolates, n 1,423 1,522 1,565 1,807 3,071 3,187 3,837

Susceptibility, % 83.7 82.7 86.1 88.9 91.7 92.4 93.4 0.0004

Gentamicin 

Isolates, n 1,057 1,149 118 1,217 2,238 2,464 2,829

Susceptibility, % 85.4 86.6 78.0 91.0 94.5 96.7 96.5 0.0370

Ciprofloxacin

Isolates, n 1,440 1,533 1,598 1,851 3,080 3,186 3,145

Susceptibility, % 76.5 77.0 79.5 85.2 89.3 89.9 92.4 0.0002

E. coli
Cefuroxime

Isolates, n 11,513 12,020 12,509 15,588 25,630 27,088 32,938

Susceptibility, % 96.3 95.4 95.5 95.6 94.6 93.1 94.5 0.0275

Gentamicin

Isolates, n 6,273 6,597 5,915 7,683 15,436 16,879 21,039

Susceptibility, % 95.5 95.4 93.3 94.2 94.8 94.8 95.2 NS

Ciprofloxacin

Isolates, n 11,556 12,066 12,567 15,645 25,590 27,097 23,660

Susceptibility, %  87.6 86.5 84.3 84.1 84.8 84.5 86.4 NS

NS = non-significant.
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susceptibility of pneumococci substantiating the present 
treatment recommendation for pneumonia in Denmark 
[9]. 

The present study benefits from a large number of 
samples from a geographical area including a compre-
hensive amount of data. Nevertheless, a number of limi-
tations relating to the study need to be addressed. The 
subject is marked by constant development and change, 
and today’s relevance of data comprising samples ob-
tained ten years ago (Table 1) may therefore be ques-
tionable. However, for the bacteria of greatest concern, 
data were obtained for 2008-2014. These data show 
that recent years’ changes in resistance do not interfere 
with today’s clinical guidelines (Table 2). Additionally, 
the present study is limited by solely including isolates 
from a particular area of Denmark. The clinician there-
fore has to be aware of possible local resistance patterns 
outside this region. Nevertheless, generally speaking,  
according to DANMAP, no significant and consistent dif-
ferences in the patterns of resistance exist across the 
country [10].  In order to enhance the clinical usability of 
Table 1, literature was used to complete the table where 
no or only scarce data were available in our database.  
As often said about translational research, one could ar-
gue that this puts the table in a difficult position being 
both an inventory and a clinical tool. However, by  
strictly reporting susceptible isolates from a large study 
material and combining these data with data obtained 
from the literature for rarer cases, this table does pro-
vide the clinician with a useful tool for clinical practice 
based on clinical research.

Other things than antimicrobial susceptibility need 
to be taken into consideration when treating patients, 
including side effects, risk of developing resistance, ex-
penses, focus of infection, travel history, past and pre-
sent treatment, nosocomial versus community-acquired 
infection, etc. Thus, we recommend that the clinician 
first and foremost consults local treatment instructions 
and national guidelines as they are published by the 
Danish Health and Medicines Authority [18] and by 
Danish Pharmaceutical Information online [9].

cOnclUsiOns
We have provided a comprehensive and practical table 
showing the resistance patterns in the area of Copenha-
gen from 2004 to 2008 for the most prevalent isolated 
pathogenic bacteria in man. Moreover, we presented 
the development in resistance patterns for S. aureus,  
E. coli and K. pneumoniae from 2008 to 2014. These 
data can be used as guidance for the clinician who must 
choose between treatments for a given infection where 
the bacterial aetiology is suspected but culture results 
are not yet available. Regular data update in this field of 
research is desirable. 
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