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Abstract 
 
Escherichia coli (E. coli) is the most commonly occurring pathogen causing urinary tract 
infections. E. coli has developed resistance through several mechanisms, and with 
increases in resistance, several infections that we today see as easy treatable will soon be 
difficult to treat. Because of this, it is important that the antibiotics in the therapeutic 
guidelines show great susceptibility in order to easily treat the infections along with not 
over-consuming them in order to not spread nor increase the resistance. Resistance data 
regarding E. coli has been collected in the WHO European region, where different 
countries have been a part of the surveillance for different time. This study aimed to 
provide an overview regarding antibiotic resistance towards E. coli and antibiotic 
consumption in Bosnia-Herzegovina and Sweden. An additional objective of this study is 
to analyze whether the therapeutic guidelines of uncomplicated cystitis are adequate by 
correlating antibiotic resistance and other characteristics of the antibiotics. 
 
It was noted that broad-spectrum antibiotics are very much widely consumed in Bosnia-
Herzegovina than in Sweden which can also be seen if just looking at the therapeutic 
guidelines. Also, the antibiotic resistance was much higher in Bosnia-Herzegovina 
compared to Sweden. Much of this has most likely to do with a different attitude towards 
antibiotics and their consequences and also other contributing factors like bad habits that 
are not broken, education-wise and the fact that the work against antibiotic resistance has 
been around much longer in Sweden than it has in Bosnia-Herzegovina. In order for 
Sweden to stay and continue the decrease in antibiotic resistance it is important that the 
monitoring of resistance, antibiotic prescriptions and other infection prevent measures 
continues. As for Bosnia-Herzegovina, multidisciplinary approach and stricter rules on 
every factor contributing to antibiotic resistance needs to be done in order to decrease the 
antibiotic resistance.  
 
Key words: Escherichia coli, antibiotic resistance, surveillance, Bosnia-Herzegovina, 
Sweden. 
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Abbreviations  
 
E. coli – Escherichia coli 
 
ESKAPE – Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, 
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ESAC-Net – European Surveillance of Antimicrobial Consumption Network 
 
EUCAST – European Committee on Antimicrobial Susceptibility Testing 
 
CLSI – Clinical and Laboratory Standards Institute 
 
GP – General Practitioners  
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1. Introduction 
 
1.1 Antibiotics 
 
Antibiotics are used to treat infections, but only infections caused by bacteria [1]. The 
word antibiotic refers to substances that kill or inhibit bacteria. If the infection is not 
caused by bacteria, meaning if the infection is caused by another microbe such as a virus 
or fungi, it is then called antiviral and antifungal, respectively. Antivirals, antifungals, 
antibiotics and antiseptics are all together called antimicrobials [2]. The most commonly 
used antimicrobial agent is antibiotic. Treating infections caused by bacteria should 
follow evidence-based guidelines where the response to therapy and the characteristics of 
the host together with the cost of therapy all should go together. Microbiology tests 
should be done to identify the specific pathogen causing the infection, but also the 
pathogens susceptibility to the antibiotic. An antibiotic with the narrowest spectrum 
possible should be used when treating infections, especially for community acquired 
infections, and also using antibiotics for the shortest time that is effective. By doing this 
the spreading of antibiotic resistance can be prevented [3]. However, when using 
antibiotics, it is crucial not to shorten the treatment time, lower the dose or not taking it 
frequently because if there is not enough medicine in the body the bacteria might not get 
affected by it, hence might survive and develop resistance against the antibiotic [4]. 
 
1.1.1 Mechanism of action  
 
Antibiotics can be sorted by its mechanism of action in five categories, cell wall synthesis 
inhibition, RNA polymerase inhibition, DNA gyrase inhibition, protein synthesis 
inhibition and folic acid metabolism inhibition [5]. The antibiotics that inhibit the cell 
wall synthesis have a beta lactam ring that binds to the penicillin binding proteins (PBP) 
which prevents the bacteria to synthesize its cell wall [6]. RNA polymerase is a crucial 
enzyme for DNA transcription. When RNA polymerase gets inhibited the bacteria dies 
[7]. DNA gyrase is also an enzyme that is crucial in the transcription and replication of the 
DNA, and the process of chromosome segregation [8]. When the DNA gyrase gets 
inhibited the bacteria dies [9]. Protein synthesis is crucial for the bacteria to live. 
Antibiotics that inhibit protein synthesis interferes with the protein metabolism in 
different stages depending on the antibacterial agent, however mainly by either binding to 
the 50S ribosomal subunit or to the 30S ribosomal unit [5]. Folic acid synthesis is an 
essential step to synthesize DNA and RNA. Without folic acid the DNA cannot be 
synthesized [10]. Different antibiotics inhibit different steps of the folic acid metabolism 
and sometimes they are used together to get a synergistic effect [11]. The mechanism of 
action on antibacterial agents is simplified presented in table 1. 
 
Table 1. Antibiotics mechanism of action [5,12,13]. 

Mechanism of action Antibacterial agent  

Cell wall synthesis inhibition 
β - lactam antibiotics 

Cephalosporins 
Monobactams 
Vancomycin 
Penicillin 
Monobactam 
Carbapenem 

RNA polymerase inhibition        Rifampicin 
DNA gyrase inhibition        Quinolones 
Protein synthesis inhibition Tetracycline 

Macrolides 
Linkosamide 
Chloramphenicol 
Aminoglycosides 

Folic acid metabolism inhibition Sulphonamides 
Trimethoprim 
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1.1.2 Adverse effects 

Regular side-effect of antibiotics are diarrheas, nausea, yeast infection and rashes. 
Antibiotics, as mentioned before, only have effect against bacteria which means if taken 
when affected with another microbe, one will still be affected by the side effects but with 
no effect of the antibiotic [14]. 

1.2 Antibiotic resistance  

When talking about antimicrobial resistance, it is important to distinguish intrinsic 
resistance which is the natural evolution of resistance mechanisms, meaning the result of 
organisms interacting with each other and their environment since ancient times to 
survive, and the acquired resistance meaning organisms that are normally susceptible to 
antimicrobial agents but due to genetic changes it has become resistant [15].  
The bacteria that have mainly developed resistance to antibiotics go all under the 
abbreviate ESKAPE, which stands for Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa 
and Enterobacter species [16]. Bacteria have developed several resistance mechanisms 
[17][18]: 
 

1. Preventing antimicrobial interaction with the target side of the bacterial cell wall 
by developing permeability changes  

2. Actively throwing out the antibiotic through efflux 
3. Bacteria producing enzymes that modify the antibiotic or direct destruction of the 

antibiotic 
4. Producing alternative metabolic pathways that go around the action of the 

antibiotic 

One of the most common places to get infection is in the urinary tract, where the majority 
of the infections are caused by gram-negative bacteria, which means that the main 
problem with resistance in treating urinary tract infections (UTIs) is the increasing 
spread of resistance towards gram-negative bacteria [19].  
 
Acquired bacterial resistance towards antibiotics occurs when, amongst other things, 
antibiotics are prescribed and consumed irrationally. When one bacteria or organism 
develops resistance against an antimicrobial agent, the resistance can spread to other 
organisms [20]. This mainly occurs through transformation, transduction or conjugation 
where multiple resistance genes can get incorporated into plasmids or the hosts genome 
through the action of transposons [18]. The spreading of resistance leads to difficulties 
when treating infections [20]. When our ability to treat infections is out of our control, 
more people will become ill since the spreading of infection will increase [21]. Each year 
about 700 000 people die in non-treatable infections caused by resistant bacteria and if 
no action is taken, it is estimated that the number of deaths will increase to 10 million 
people by 2050 [22]. According to The World Health Organization (WHO), the post-
antibiotic era might be the reality of the 21st century [21].   
 
1.3 The surveillance of antibiotic resistance  
 
Antimicrobial resistance is as mentioned before, threatening our future in treating and 
preventing infections caused by various pathogens [22]. Therefore, there are two large 
surveillance networks in the WHO European region. One for the countries that are 
members of the European Union (EU) and two countries from European Economic Area 
(EEA), Norway and Iceland, called the European Antimicrobial Resistance Surveillance 
Network (EARS-Net). There is also one for the countries outside EU/EEA but within the 
WHO European region, called the Central Asian and European Surveillance of 
Antimicrobial Resistance (CAESAR). Both surveillance networks collect data from the 
countries’ different national laboratories. The CAESAR network collects resistance data 
for Escherichia coli, Klebsiella pneumoniae, Salmonella species, Pseudomonas 
aeruginosa, Acinetobacter spp., Staphylococcus aureus, Streptococcus pneumoniae, 
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Enterococcus faecalis and Enterococcus faecium. These bacteria are also chosen for 
surveillance in the EARS-Net except for Salmonella spp. CAESAR collaborates with 
EARS-Net and uses the same methodologies and standards as them. Sweden, a member 
of the EU, is participating in the EARS-Net and Bosnia-Herzegovina, not a member of the 
EU/EEA but is in Europe, is participating in CAESAR. [23][24]. 
 
1.4 Urinary tract infections  
 
The urinary tract consists of kidneys, ureters, bladder and urethra. All of these parts can 
get infected and are then called urinary tract infections (UTIs). Infection usually occurs in 
the bladder and urethra, together named lower urinary tract infections [25]. 
The UTIs can be put in categories consisting of complicated urinary tract infections, and 
uncomplicated urinary tract infections, where the last mentioned again can be divided in 
to two categories, lower uncomplicated UTIs (cystitis), and upper uncomplicated UTIs 
(pyelonephritis). Uncomplicated UTIs mostly affects people whose urinary tract does not 
have any neurological nor structural abnormalities, whereas in complicated UTIs there 
usually is some abnormality in the urinary tract [26]. Because of the anatomical structure 
in women, UTIs usually affect them. However, anyone can get UTIs despite its anatomical 
structure [26]. By drinking water or cranberry juice, emptying bladder after intercourse, 
wiping from front to back after finishing in the bathroom (to avoid spreading E. coli from 
the anal region), one can minimize the risk of getting UTIs [25].   
 
Symptoms can vary depending what kind of UTI it is but generally some symptoms might 
be: [25] 

• Urinating more often 

• Burning feeling when urinating  

• When urinating, small amounts of urine passes frequently 

• Cloudy urine 

• Red urine, which indicates blood in urine  

• Urine that smells strong 

• Pain in the pelvic  

 
Every year UTIs affect approximately 150 million people, making it one of the most 
common infections caused by bacteria. Various of pathogens can cause UTIs, however 
bacteria usually cause the infection [26]. It is estimated that about 80% of all community 
acquired uncomplicated UTIs are caused by E. coli [27]. Other common bacteria are K. 
pneumoniae, Proteus mirabilis, E. faecalis.  
 
1.4.1 E. coli resistance 
 
E. coli develops resistance through mutations and by gaining resistance mechanisms from 
mobile genetic elements. The first mentioned mechanism can be seen for instance in 
fluoroquinolone resistance and the second mentioned in production of enzymes like 
carbapenamase and extended spectrum beta-lactamases (ESBL). ESBL have developed 
resistance mechanisms to the beta-lactams but it is less seen in carbapenems making 
them important for serios infections when no other option is available to treat. However, 
carbapenems do have one threatening resistance mechanism, the carbapenemases, which 
could possibly transfer its resistance mechanisms to other beta-lactams [23].  
 
1.4.2 Guidelines for treating acute uncomplicated cystitis    

 
Guidelines provide the quality of care, giving the most suitable treating options to treat 
diseases hence reducing morbidity and mortality [28].   
 
The therapeutic guidelines for Bosnia-Herzegovina and Sweden respectively are 
presented in table 2 and table 3 respectively.  
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Table 2. Treatment guideline for treating uncomplicated acute cystitis in  
Bosnia-Herzegovina [29]: 

 
 
 
 
 
 
 
 
 
 
 
 

Table 3. Treatment guideline for treating uncomplicated acute cystitis in Sweden [30]: 

 

 
 
 
 
 
 
 
 
 
 

* Days of treatment for postmenopausal women  

 

2. Objective 
 
The purpose of this study is to analyze the amount of antibiotic resistant E. coli in Bosnia-
Herzegovina and Sweden between 2015-2018 by mapping and compiling statistical data 
from CAESAR and EARS-Net. E. coli is chosen since this study is limited to urinary tract 
infections, more exactly acute uncomplicated cystitis where E. coli causes about 80% of 
them. Further, since overusing and misusing antibiotics are big reasons to the increasing 
and spreading of antibiotic resistance, this study is also going to examine the amount of 
antibiotic consumption (defined as: defined daily dose (DDD) per 1000 inhabitants per 
day) and the most frequently consumed antibiotics in Bosnia-Herzegovina and Sweden. 
The antibiotic consumption data is collected from already existing statistical data between 
2011-2017. Moreover, because of the different guidelines for treating urinary tract 
infections, limited to acute uncomplicated cystitis, in this study the adequation of these 
guidelines will be analyzed by the amount of E. coli resistance on the antibiotics and the 
characteristics of the antibiotics.  
 
Further distinguishing the purpose into the following questions:  
 

• Does the occurrence of resistant E. coli differ between Sweden and Bosnia-

Herzegovina and how has the antibiotic resistance on E. coli changed between 

2015 and 2018 in respective country? 

 

• Were there differences in the pattern of antibiotic consumption between Bosnia-

Herzegovina and Sweden in 2011-2017.   

 

Antibiotic Dosage Days of 
treatment 

Nitrofurantoin 50 mg x 4 (every 6 hours) 
or 

100 mg x 2-3 

 
7 

Amoxicillin + Clavulanic acid 1000 mg x 2 7 

Cefalexin 1000 mg x 2 7 

Norfloxacin 400 mg x 2 3 

Antibiotic Dosage Days of 
treatment 

First choice:   

Nitrofurantoin 50 mg x 3 5 

Pivmecillinam 200 mg x 3 
400 mg x 2 

  5* 
3 

Second choice:   

Trimethoprim 160 mg x 2 3 

Cefadroxil 500 mg x 2 
or 

1000 mg x 1 

 
5 
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• Are there differences in the utilization habits of antibiotics in Bosnia-Herzegovina 

and Sweden and can they be explained? 

 

• Are the recommended treatment guidelines for treating acute uncomplicated 

cystitis adequate if correlated to the amount of resistance and further 

characteristics on the antibiotics? 

 

3. Method 
 
3.1 Literature search 
 
The literature search was conducted through already available and comparative statistical 
data. The statistical data on antibiotic resistance was mainly collected from EARS-Net 
and CAESAR, where the resistance data was limited to aminopenicillins, aminoglycosides, 
fluoroquinolones, third generation cephalosporines and carbapenems. The CAESAR 
report also collected resistance data on amoxicillin-clavulanic acid. Moreover, in the 
CAEAR report between year 2016-2018, amikacin, ceftazidime, ertapenem were all 
separated from their main antibiotic group, where the resistance for these substances 
were measured individually in 2016-2018. Resistance data on multidrug resistance and 
piperacillin-tazobactam were excluded from this study. Moreover, the gathering of 
antibiotic consumption data was mainly collected from the Surveillance of antimicrobial 
consumption in Europe 2011 to 2014, and from the Antimicrobial consumption – Annual 
Epidemiological Report 2015 to 2017 for the Swedish data. The Bosnian data was 
collected from the WHO Europe Antimicrobial Medicines Consumption (AMC) Network 
2011-2017.  
 
The data on antibiotic resistance and antibiotic consumption for the antibiotics in the 
Swedish treatment guideline were collected from Folkhälsomyndigheten, 
Läkemedelsboken and Swedres-Svarm 2018. The data on antibiotic resistance and 
antibiotic consumption for the antibiotics in the Bosnian-Herzegovinian treatment 
guideline were collected from the WHO Europe AMC Network, the CAESAR surveillance 
program 2017, and from two studies conducted in Bosnia-Herzegovina found in PubMed 
database with a specified search. The search way is presented in table 4 and table 5. The 
first and second column in table 4 are in Swedish since the search only could be 
conducted with the websites in Swedish language.   
 
Table 4. Specific search way of the data for the treatment guidelines. 

 

Specific search way Reference Date of search 

Folkhalsomyndigheten.se → Statistik & rapportering → 

Statistikdatabaser → Folkhälsodata och FolkhälsoStudio → 

Till Folkhälsodata → Antibiotikastatistik → Försäljning → 

Antibiotikaförsäljning i öppen- och slutenvård, dygnsdoser 

(DDD) efter ATC-kod, region och år. Antal DDD per 1000 inv 

och dag → Riket + öppenvård + ATC 7 + 2017 

[42] 2020-02-13 

Läkemedelsboken.se → Urinvägsinfektioner [30] 2020-02-13 

Folkhalsomyndigheten.se → Publication → Swedres-Svarm 

2018  

[43] 2020-02-11 

euro.who.int → Publications → Key publications → WHO 

Regional Office for Europe Antimicrobial Medicines 

Consumption (AMC) Network. AMC data 2011-2017 (2020)  

[35] 2020-02-09 

euro.who.int → Publications → Key publications → Central 

Asian and Eastern European Surveillance of Antimicrobial 

Resistance. Annual report 2017 (2018) 

[31] 2020-02-03 
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Table 5. PubMed search design. 

  
To state my results, more research through PubMed and Google database was done, 
limited to results written in English language and with a publish data not older than from 
year 2000. Search words that were used were nitrofurantoin, resistance, pivmecillinam, 
quinolone, cephalexin, adverse effects, first generation cephalosporines, Escherichia coli, 
trimethoprim, contraindication. 

4. Results 
 
CAESAR resistance data on E. coli in Bosnia-Herzegovina was first presented in the 
annual report in 2016 (results from 2015), where the number of isolates between 2015-
2018 was between 13-250, depending on the antibiotic group and year.  
When isolate number is below 30, the amount of resistance might not be as 
representative, and therefore it should be interpreted with prudence [31].  
EARS-Net resistance data on E. coli in Sweden was first presented in the annual report in 
2010, however the precursor to EARS-Net called EARSS (Antimicrobial Resistance 
Surveillance System) collected resistance data since 2000 [32]. The number of isolates 
between 2015-2018 varied from 396-6958, where the lowest number of isolates was in the 
aminopenicillin group which only had resistance data reported in 2015, which means 
apart from that one year of aminopenicillin group, the number of isolates were between 
5302-6958.  
 
The results of this study were collected from the resistance data in respective country in a 
four-year period, between 2015-2018.  
The WHO Europe AMC Network started the surveillance on antibiotic consumption in 
2011 to provide assistance in setting up or strengthening AMC surveillance in countries in 
the WHO European Region who are not members of the EU/EEA. The European 
Surveillance on AMC Network – ESAC-Net started in 1997 where antibiotic consumption 
data has been followed since then [33].  
 
Because the surveillances in EU/EEA countries have been implemented for a longer time 
than for the European countries outside the EU/EEA, a comparison between Sweden and 
Bosnia-Herzegovina was made in order to investigate differences and similarities in both 
antibiotic consumption and resistance, focused on E. coli resistance since it is the most 
common pathogen causing UTIs. Further, since the recommended guidelines are 
different, this study also examines how adequate the antibiotics in the guidelines are.    
 
4.1 E. coli resistance  
 
The highest percentages of resistance were found in Bosnia-Herzegovina within all the 
antibiotic groups, meaning that the total resistance and the resistance in individual 
antibiotic group was lower in Sweden than in Bosnia-Herzegovina. In Bosnia-
Herzegovina, the resistance rate of 20% or more during the four-year period was found in 
Aminopenicillins, with and without enzyme inhibitor, fluoroquinolones and third 
generation cephalosporins. In 2016 and 2017 the E. coli resistance on aminoglycosides 
was over 20%. In Sweden, a resistance over 20% was only noted in aminopenicillins in 
2015, otherwise the highest percentage of resistance was seen in fluoroquinolones with 
about a 18% resistance in 2018. The susceptibility on carbapenems remained high in both 
countries over the four-year period.  
 

Search terms Limitations Results References Date of search 

((bosnia) AND 

antimicrobial 

resistance) AND 

Escherichia coli  

Sort by: Best Match 

English language, 

published within 5 

years, study done in 

Bosnia-Herzegovina  

5 [44], [45] 2020-02-15 
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The upcoming results are a simplified and comparably presentation on the amount of E. 
coli resistance on aminopenicillins, aminoglycosides, fluoroquinolones, third generation 
cephalosporines and carbapenems in Bosnia-Herzegovina and Sweden. The statistical 
trend of antibiotic resistance on E. coli between 2015-2018 in Bosnia-Herzegovina and  
Sweden is presented in table 6 and table 7, respectively.   
 
Table 6 Percentages on antibiotic resistance in Bosnia-Herzegovina. Data reports are from the 
CAESAR surveillance program, 2015-2018. n stands for number of isolates, R% stands for resistance in 
percent [24]. 

ᵃ Aminopenicillin = Amoxicillin and Ampicillin  
ᵇ Aminoglycoside = Gentamicin, Tobramycin (and Amikacin 2015) 
ᶜ Fluoroquinolone = Ciprofloxacin, Ofloxacin and Levofloxacin 
ᵈ Third generation cephalosporine = Cefotaxime, Ceftriaxone (and Ceftazidime 2015) 
ᵉ Carbapenem = Imipenem and Meropenem 
(-) No data reported  

Table 7. Percentages on antibiotic resistance in Sweden. Data reports are from the EARS-Net 
surveillance program, 2015-2018. n stands for number of isolates, R% stands for resistance in percent [23]. 

ᵃ Aminopenicillin = Amoxicillin and Ampicillin  
ᵇ Aminoglycoside = Gentamicin, Tobramycin and Amikacin 
ᶜ Fluoroquinolone = Ciprofloxacin, Ofloxacin and Levofloxacin 
ᵈ Third generation cephalosporine = Cefotaxime, Ceftriaxone and Ceftazidime 
ᵉ Carbapenem = Imipenem and Meropenem 
(-) No data reported 

 
4.1.1 Aminopenicillin resistance on E. coli 
 
The resistance on aminopenicillin in Bosnia-Herzegovina was continuously high during 
the four years, with an 80% resistance in 2015, which is a 46 percentage points higher 
resistance than in Sweden that same year. The resistance decreased following years 
except in 2017 when it had a small increase before decreasing to 69% in 2018, which was 
the year of the smallest amount resistance. Data on aminopenicillin resistance in Sweden 
was only published in 2015, either due to the lack of isolates or that the data source had a 
significant change in the following years [23]. However, despite the much lower 
resistance in Sweden than in Bosnia-Herzegovina, the resistance was still the far highest 
amongst all the antibiotic groups.  
 

 
Antibiotics 

2015 
 

n 

 
 

R% 

2016 
 

n 

 
 

R% 

2017 
 

n 

 
 

R% 

2018 
 

n 

 
 

R% 

Aminopenicillinᵃ 172 80 213 71 158 73 250 69 

Amoxicillin-
clavulanic acid 

- - 199 39 190 42 250 28 

Aminoglycosideᵇ 175 17 207 23 189 25 250 17 

Amikacin - - 171 9 179 10 249 6 

Fluoroquinoloneᶜ 171 22 215 28 188 27 249 24 

Third generation 
Cephalosporinesᵈ 

173 21 215 23 194 25 250 20 

Ceftazidime - - 205 19 193 19 250 17 

Carbapenemsᵉ 175 0 191 0 183 1 249 0 

Ertapenem - - 13 8 77 0 172 0 

 
Antibiotics  

2015 
 

n 

 
 

R% 

2016 
 

n 

 
 

R% 

2017 
 

n 

 
 

R% 

2018 
 

n 

 
 

R% 
Aminopenicillinᵃ 396 34,1 - - - - - - 

Aminoglycosideᵇ 5761 6,4 6949 7,2 5758 6,5 5378 7,7 

Fluoroquinoloneᶜ 5525 12,6 6947 13,7 5762 15,8 5378 18,1 

Third generation 
Cephalosporinesᵈ 

5995 6,7 6958 8,3 5790 7,4 5390 8,3 

Carbapenemsᵉ 5307 0,1 6927 0,1 5769 0,0 5388 0,1 
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CAESAR had additionally added amoxicillin + clavulanic acid for testing E. coli 
resistance. The resistance was 39% in 2016, and climbed to 42% the year after, and lastly 
in 2018 the resistance was 28%. The resistance in Bosnia-Herzegovina on amoxicillin + 
clavulanic acid in 2016 was higher than the resistance on aminopenicillins in Sweden the 
year before, indicating that even though an enzyme inhibitor was in combination with an 
aminopenicillin, the resistance in Bosnia-Herzegovina was still higher than in Sweden.  
 
4.1.2 Aminoglycoside resistance on E. coli 
 
The linear graph on E. coli resistance on aminoglycosides between 2015-2018 is 
presented in figure 1. In Bosnia-Herzegovina the aminoglycosides had its peak in 
resistance in 2017, with a 25% resistance. In 2015 the resistance was at its lowest 
percentage, at 17%, and likewise in 2018. In Sweden the resistance on aminoglycosides 
were relatively stable, with approximately 1 percentage points increase or decrease that 
varied from year to year, however the peak is noted in 2018 when the resistance was at 
7,7%.  
 
When comparing the E. coli resistance on aminoglycosides in respectively country, the 
resistance in Sweden is low. The biggest percentage difference was noted in 2017 and the 
lowest in 2018, showing that in 2017 the resistance in Sweden was 18,5 percentage points 
lower than in Bosnia-Herzegovina, and in 2018 the resistance in Sweden was 9,3 
percentage points lower.  
 
Since amikacin was separated from the aminoglycoside test group in CAESAR data, it was 
tested alone in 2016-2018 (see figure 2). The resistance increased in 2o16 and 2017 and 
then decreased in 2018, showing that it follows the same pattern as the whole 
aminoglycoside group, giving all the aminoglycosides a decrease after two years of 
increase.  
 

 
Figure 1 E. coli resistance on aminoglycosides in percent between 2015-2018. Gentamicin, 
tobramycin, amikacin presenting aminoglycoside group, however Bosnia-Herzegovina only had amikacin as a 
part of the aminoglycosides in 2015, other years it was reported alone which can be seen in figure 2.  
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Figure 2. E. coli resistance on Amikacin in Bosnia-Herzegovina between 2015-2o18. 
 
 
4.1.3 Fluoroquinolone resistance on E. coli 
 
The linear graph on E. coli resistance on fluoroquinolones between 2015-2018 is 
presented in figure 3. The resistance on fluoroquinolones increased every year in Sweden, 
from 12,6% in 2015 to 18,1% in 2018, whereas in Bosnia-Herzegovina the resistance was 
over 20% every year in the same four-year period. More exactly in 2016 the resistance was 
22% and in 2017 it had increased to 28%. The following two years showed a decrease in 
resistance, landing on a 24% resistance in 2018. The percentage difference in Bosnia-
Herzegovina and Sweden was highest in 2015 with a 9,4 percentage points higher 
resistance in Bosnia-Herzegovina, whereas in 2018 the percentage difference was 5,9 
percentage points. E. coli resistance on Fluoroquinolone had, apart from that one year of 
aminopenicillin data resistance, the highest resistance in Sweden in all four years.  
 

 
Figure 3 E. coli resistance on fluoroquinolones in percent between 2015-2018. Ciprofloxacin, 
Ofloxacin and Levofloxacin presenting fluoroquinolone group.  

 
4.1.4 Third generation Cephalosporines 
 
The third generation cephalosporins had a slight increase in resistance between 2015-
2017 in Bosnia-Herzegovina, with a resistance of 21% in 2015 and 25% in 2017, following 
a decrease in resistance in 2018 to 20%. In Sweden, the resistance was highest in 2016 
and 2018 with a resistance on 8,3%, and lowest in 2015 with a resistance of 6,7%. The 
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percentage difference was highest in 2017, where the resistance was 17,6 percentage 
points higher in Bosnia-Herzegovina than in Sweden, and it was the lowest in 2018 when 
it was 11,7 percentage points higher. To summarize, the resistance in Sweden in 2018 was 
higher than in 2015, as opposed to in Bosnia where it was lower in 2018 compared to 
2015. The linear graph on E. coli resistance on third generation cephalosporins between 
2015-2018 is presented in figure 4.  
 
Since ceftazidime was separated from the third generation cephalosporine test group in 
CAESAR data, it was tested alone in 2016-2018. In 2016 and 2017 the resistance was the 
same, 19%, whereas in 2018 it had decreased to 17% (see table 6). Altogether all the tested 
third generation cephalosporins had a small decrease in 2018 compared to in 2015 in 
Bosnia-Herzegovina.  
 

Figure 4 E. coli resistance on third generation cephalosporines between 2015-2018. 
Cefotaxime, Ceftriaxone, Ceftazidime presenting aminoglycoside group, however Bosnia-Herzegovina only 
had Ceftazidime as a part of the aminoglycosides in 2015, other years it was reported alone which can be seen 
in figure 5. 
 

Figure 5. E. coli resistance on Ceftazidime in Bosnia-Herzegovina, 2016-2018. 

 
4.1.5 Carbapenem resistance on E. coli 
 
The linear graph on E. coli resistance on third generation cephalosporins between 2015-
2018 is presented in figure 6. No big increases nor decreases were observed neither from 
CAESAR nor from EARS-Net. The E. coli resistance on carbapenems were very low, 0-1% 
in both Sweden and Bosnia-Herzegovina. Ertapenem showed in 2016 in Bosnia-
Herzegovina an 8% resistance (see table 6), however the isolates were very few that year 
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meaning that the results should be interpreted with prudence, especially when in 2018 
the resistance was 0% with a number of 172 isolates.    
 

Figure 6. Carbapenem resistance on E. coli between 2015—2018. Imipenem and Meropenem 
presented the carbapenem group. 

 
4.2 Antibiotic consumption   
 
In correlation to antibiotic resistance, antibiotic consumption is an important factor in 
the development of resistance. A large antibiotic consumption has shown to contribute to 
an increasing antibiotic resistance [34]. The antibiotic consumption in Bosnia-
Herzegovina and Sweden is presented in table 8 and table 9, respectively, and also in 
figure 7.  
 
Table 8. Total consumption of antibacterials (J01) expressed in DDD/1000 inhabitants per 
day in Bosnia-Herzegovina. Data reports are from the WHO Europe Antimicrobial Medicines 
Consumption (AMC) Network  year 2011 – 2017 [35]. 

 

 

 

 
 
 
 

Antibacterial agents 
(J01) 

2011 2012 2013 2014 2015 2016 2017 

Total use  18,4 18,1 18,0 17,5 19,0 20,8 20,3 
Tetracyclines (J01A) 1,3 1,1 1,2 1,2 1,3 1,9 1,4 
Beta-lactams (J01C) 9,2 8,9 8,9 8,1 9,5 10,2 10,1 
Other beta-lactams 
(including 
cephalosporins) (J01D) 

2,3 2,3 2,2 2,2 2,1 2,4 2,5 

Sulfonamides and 
Trimethoprim (J01E) 

1,6 1,7 1,4 1,5 1,5 1,5 1,5 

Macrolides, 
Lincosamides and 
Streptogramins (J01F) 

1,5 1,5 1,5 1,6 2 1,7 2 

Quinolones (J01M) 2,1 2,2 2,1 2,1 2 2,5 2,3 
Other antibacterials 
(J01G, J01R, J01X) 

0,4 0,4 0,7 0,8 0,7 0,7 0,6 
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Table 9. Total consumption of antibacterials (J01) expressed in DDD/1000 inhabitants per 
day. Data reports are from the Surveillance of antimicrobial consumption in Europe, 2011 to 2014, and from 
the Antimicrobial consumption – Annual Epidemiological Report 2015 to 2017 [36], [37], [38], [39], [40], 
[41]. 

Antibacterial agents 
(J01) 

2011 2012 2013 2014 2015 2016 2017 

Total use 14,3 14,1 13,0 13,0 12,3 12,0 11,6 
Tetracyclines (J01A) 3,5 3,4 2,8 2,7 2,5 2,4 2,3 
Beta-lactams (J01C) 7,1 7 6,6 6,9 6,3 6,3 6,2 
Other beta-lactams 
(including 
cephalosporins) (J01D) 

0,2 0,2 0,16 0,15 0,1 0,1 0,1 

Sulfonamides and 
Trimethoprim (J01E) 

0,5 0,4 0,4 0,4 0,4 0,4 0,3 

Macrolides, 
Lincosamides and 
Streptogramins (J01F) 

0,5 0,6 0,6 0,6 0,6 0,5 0,5 

Quinolones (J01M) 0,8 0,7 0,7 0,7 0,7 0,7 0,6 
Other antibacterials 
(J01X) 

1,6 1,6 1,6 1,6 1,6 1,6 1,5 

 

 
Utilization of antibiotics, from ATC group J01, for systemic use, was higher in Bosnia-
Herzegovina than in Sweden every year between 2011-2017. Total antibiotic use differed 
noticeably between Bosnia-Herzegovina and Sweden. The antibiotic consumption 
decreased every year between 2011-2017 in Sweden, except when it stayed the same 
between 2013-2014, whereas in Bosnia-Herzegovina there was a small decrease between 
2011-2014 and an increase between 2015-2017 giving the antibiotic consumption in 2017 
1,9 DDD/1000 inhabitants per day higher than in 2011. The total consumption in Sweden 
decreased from 2011 to 2017 with 2,7 DDD/1000 inhabitants per day.  
 
Beta-lactams (J01C) were the most frequently consumed antibiotics in all six years in 
both countries where they stand for about 50% of total consumption. Apart from beta-
lactams (J01c), tetracyclines were the most frequently used in Sweden whereas in Bosnia-
Herzegovina other beta-lactams (J01D) and quinolones were the most frequently used 
over the six years. Other beta-lactams stood for about 11-12% of total consumption in 
Bosnia-Herzegovina in contrast to in Sweden where they stood for 0,8-1% of total 
consumption. Quinolone consumption stood for about 10-12% of total consumption in 
Bosnia-Herzegovina and only about 5% in Sweden. It was observed that the highest 
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Figure 7 Change over the 6-year period of the total consumption of antibacterials 
expressed in DDD/1000 inhabitants per day. Data reports for Sweden are from the Surveillance of 
antimicrobial consumption in Europe, 2011 to 2014, and from the Antimicrobial consumption – Annual 
Epidemiological Report, 2014 to 2017. Data reports for Bosnia-Herzegovina are from the WHO Europe 
Antimicrobial Medicines Consumption (AMC) Network, between year 2011 – 2017 [35], [38], [39], [40], 
[41]. 
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increase in consumption was among beta-lactams in Bosnia-Herzegovina. In 2011 the 
percentage points of tetracycline consumption were approximately three times higher in 
Sweden (24% of total consumption) than in Bosnia-Herzegovina (7% of total 
consumption) and it stayed three times higher throughout the six-year period. Moreover, 
the biggest decrease of consumption was observed in the tetracyclines in Sweden.  
Macrolides, Lincosamides and Streptogramins (J01F) and sulfonamides and 
trimethoprim (J01E) had about two to four times lower percentage points on 
consumption in Sweden than in Bosnia-Herzegovina, however they were all one of the 
least consumed antibiotics in respective country. Moreover, sulfonamides and 
trimethoprim were the only subgroup that had a decrease in Bosnia-Herzegovina, 
however the decrease was very small.  
 
The J01X subgroup was presented differently in the European EU/EEA data than in the 
WHO European Region data, where it stood by itself as an own subgroup in the first 
mentioned and in the second mentioned it was presented together with J01G and J01B. 
Nevertheless, it is still comparable since the consumption in the Swedish data was 
relatively higher than in all of the three subgroups together in the Bosnian data. This 
indicates that antibiotics in the J01X subgroup are prescribed more frequently in Sweden 
than in Bosnia-Herzegovina 
 
Further, by comparing the utilization on an individual level of substances, a clearer 
perspective is obtained on what kinds of antibiotics are the most frequently consumed. 
Amount of antibiotic utilization within respectively subgroup is presented in table 10 and 
table 11, respectively. 
 
Table 10. Top 5 consumed antibacterial year 2017 expressed in DDD/1000 inhabitants per 
day. Data reports are from the WHO Europe Antimicrobial Medicines Consumption (AMC) Network [35]. 

Antibiotic  DDD/1000 
inhabitants 
per day 

Amoxicillin Beta-lactam (J01C) – Broad-
spectrum  

4,42 

Amoxicillin and enzyme inhibitor Beta-lactam + beta-lactamase 
inhibitor (J01C) – Broad-spectrum  

4,19 

Ciprofloxacin Fluoroquinolone (J01M)– broad-
spectrum 

1,79 

Sulfamethoxazole and 
trimethoprim 

Broad-spectrum antibiotic 
combination (J01E) 

1,52 

Doxycycline Tetracycline (J01A) – broad-
spectrum 

1,4 

 
Table 11. Top 5 consumed antibacterial year 2017 expressed in DDD/1000 inhabitants per 
day. Data reports are from Folkhälsomyndigheten, folkhälsodata [42]. 

Antibiotic  DDD/1000 
inhabitants 
per day 

Phenoxymethylpenicillin Beta-lactam (J01C) – Narrow- 
spectrum 

3,15 

Flucloxacillin Beta-lactam (JO1C) – Narrow-
spectrum 

1,48 

Lymecycline Tetracycline (J01A) – Broad-
spectrum 

1,21 

Methenamine J01X – Urinary-tract antisepticum 1,1 

Doxycycline Tetracycline (J01A) – Broad-
spectrum 

1,07 
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Beta-lactams showed a dominant utilization in both countries, however in Sweden, 
narrow-spectrum antibiotics were the ones used most frequently whilst in Bosnia-
Herzegovina broad-spectrum antibiotics, with or without enzyme inhibitor, were the most 
used. The combination of antibiotic and enzyme inhibitor is used when the antibiotic 
itself does not give proper effect. The utilization of amoxicillin + clavulanic acid did not 
differ much from amoxicillin in Bosnia-Herzegovina showing that, amongst other things, 
the susceptibility on amoxicillin is relatively low.  
 
The frequency of tetracycline use is noticed in the top five most consumed antibiotics in 
Sweden where two of them are tetracyclines. Doxycycline is the fifth most prescribed 
antibiotic in both countries.  
 
The utilization of a fluoroquinolone, ciprofloxacin, obtained third place in the top five 
most consumed antibiotics in Bosnia-Herzegovina whereas in Sweden fluoroquinolone 
consumption, as stated before, is much less used, hence not being among the most 
consumed ones.  
 
Methenamine was the fourth most used antibiotic in Sweden, making the consumption of 
methenamine the biggest contributor to the consumption in Jo1X group which was the 
third most consumed subgroup (see table 9). In difference to Sweden, the fourth most 
consumed antibiotic in Bosnia-Herzegovina was Sulfamethoxazole and trimethoprim, 
which belongs to the third least used subgroup (J01E) in 2017 (see table 8), however 
somehow still being the fourth most consumed antibiotic. 
 
4.2.1 Antibiotic consumption, resistance and characteristics – Cystitis 
 
Having an appropriate and adequate guideline when giving a treatment to a patient is 
very important. With that, by further looking into the antibiotic consumption, antibiotic 
resistance and other characteristics of the antibiotics on respective guideline for treating 
cystitis, a result on the adequation of the guidelines were obtained. Guidelines for Bosnia-
Herzegovina and Sweden together with antibiotic consumption data and resistance data 
is presented in table 12 and table 13, respectively.  
 
Table 12. Bosnia-Herzegovina 2017. Total antibiotic consumption for the antibiotics in the 
treatment guideline for uncomplicated cystitis. Also, the amount of antibiotic resistance on 
E. coli in 2017. Data reports are from the WHO Europe Antimicrobial Medicines Consumption (AMC) 
Network and from the CAESAR surveillance program, 2017. Data is also from other research studies were 
data could not be found in the first two mentioned reports [35], [44], [45]. 

 
 
 
 

 
 
 
 

 

 

 

ᵃ Abduzaimovic A, Aljicevic M, Rebic V, Vranic Mahmutovic S, Abduzaimovic K, Sestic S. Antibiotic Resistance in Urinary 
Isolates of Escherichia coli. Mater Sociomed. 2016 Dec; 28(6): 416–419. 
ᵇ Mahmutovic S, Uzunovic A. Antimicrobial resistance of Escherichia Coli strains isolated from urine at outpatient 
population: A single laboratory experience. Mater Sociomed. 2016 Apr; 28(2): 121–124. 
(-) No data 

 
 
 
 
 
 
 
 
 
 

Antibiotic DDD/1000 
inhabitants 
per day 

Resistance on E. 
coli (%) 

Nitrofurantoin                 -              8,23ᵃ 
5,37ᵇ 

Amoxicillin + Clavulanic acid 4,19 42 

Cephalexin 0,91 8,23ᵃ 

Norfloxacin 0,2 - 
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Table 13. Total antibiotic consumption for the antibiotics in the treatment guideline for 
uncomplicated cystitis in Sweden, 2017. Also, the newest available data on the amount of 
antibiotic resistance on E. coli. Data reports are from Folkhälsomyndigheten, folkhälsodata, and from 
Swedres-Svarm 2018 and Läkemedelsboken [42], [43], [54].  
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ᵇ Swedres-Svarm 2018. Consumption of antibiotics and occurrence of resistance in Sweden. Solna/Uppsala ISSN1650-6332  

 
The resistance data for Bosnia-Herzegovina was limited, however two studies that were 
conducted 2015 and 2016, respectively, will act as guideline on the amount of resistance 
on nitrofurantoin and cephalexin. During 2016 a study on E. coli resistance was 
conducted in Bosnia-Herzegovina [44].  A total of 3863 urine samples were collected from 
laboratories in Zenica and Tesanj. Out of the 3863 urine samples, 452 of them were 
positive and 255 were positive on E. coli. It was observed that E. coli resistance on 
nitrofurantoin and cephalexin was 8,23%. During 2015 another study on E. coli resistance 
was conducted in Bosnia-Herzegovina [45]. A total of 556 urine samples from outpatient 
population in Sarajevo, Hrasno, were collected. 141 samples showed a positive result and 
out of the 141 samples, E. coli was isolated from 93 of them. It was found that 
nitrofurantoin had a 5,37% resistance on E. coli. No consumption data was found, 
however the consumption on the “Other antibacterials” (J01R, J01G, J01X) were 
altogether low (see table 8), and since nitrofurantoin is in the subgroup J01X, it most 
likely did not have a remarkable big consumption. In Sweden the antibiotic consumption 
for all antibiotics were published, and according folkhälsomyndigheten and 
läkemedelsboken, respectively, the consumption on nitrofurantoin was 0,4 DDD/1000 
inhabitants per day and the resistance is about 1%.  Nitrofurantoin is most likely 
successful in its treating since the main place of action is in the urinary tract where the 
substance concentrates [12]. When a normal urinary pH is obtained (5,5 pH), 
nitrofurantoin mostly excretes into the lower urinary tract, hence its effectiveness to treat 
lower UTIs [46]. Not only has nitrofurantoin a good effect on E. coli, but it also has good 
effect against extended spectrum beta-lactamase (ESBL) producing strains. Also, it has a 
minimal effect on the microflora in the gut area which is important since disturbances in 
the microflora can lead to large amout of resistant bacteria [12]. Nitrofurantoin is well 
tolerated because of its very few adverse effects [46], however it is contraindicated with 
an eGFR of <45 ml/min [47], since it then does not obtain the therapeutic urinary 
concentrations [48].  
 
The E. coli resistance data on Amoxicillin + clavulanic acid in Bosnia-Herzegovina was 
collected from CAESAR Network from 2017 where it showed a 42% resistance. The 
consumption data was collected from the WHO Europe AMC Network where it was 
observed to be the second most consumed antibiotic. Amoxicillin is within the beta-
lactam antibiotics and is a broad-spectrum antibiotic that has effect on a large variety of 
gram-positiv bacteria and some gram-negative bacteria, including E. coli. Amoxicillin has 
indications to treat a variety of infections since its wide spectrum of activity. When 
amoxicillin alone does not give a proper effect, a combination of amoxicillin and 
clavulanic acid can be used instead. The clavulanic acid itself does not act as an 
bactericidal agent, however by binding to the penicillinase enzyme on organisms that 
produce it in an irreversibal way, the ability to resistance is smaller giving the amoxicillin 
a broader speectrum [49]. Broad-spectrum antibiotics have a greater ability to spread 
resistance than narrow spectrum antibiotics, hence should only be used when there is no 
other option for therapy [50].  
 

Antibiotic DDD/1000 
inhabitants 
per day 

Resistance on E. 
coli (%) 

Nitrofurantoin 0,4                    1ᵃ 

Pivmecillinam 0,55                    5ᵃ  

Trimethoprim 0,11                  20ᵃ 

Cefadroxil 0,08                    6ᵇ 
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The quantity of resistance on Pivmecillinam is about 5% in Sweden, and the consumption 
in 2017 was the highest out of the four antibioitcs on the guideline. Pivmecillinam has a 
great effect against gram-negative UTI causing pathogens and has a minimal effect on the 
microflora in the gut area which as mentioned before is important since disturbances in 
the microflora can lead to large amout of resistance bacteria [19]. It has also showed to be 
effectiv against ESBL producing strains [51]. Like nitrofurantoin, the effectivness of the 
therapy lays in the high urinary concentraion of its active form, mecillinam [19].  
 
Cephalexin had as mentioned before an 8,23% resistance on E. coli in 2016 in Bosnia-
Herzegovina, and was the second most used antibiotic out of the four antibioitcs in the 
guideline. Cephalexin belongs to other beta-lactams, more excactly the first generation 
cephalosporins and has a broad spectrum of activity with good effect on E. coli [52]. 
Cephalosporins are associated with the apperance of Clostridium difficile, bacteria that 
causes symtoms in the gastrointestinal that can be life-threathenig [53]. 
 
In Sweden, trimethoprim is used a as second choice to treat cystitis [54]. Trimethoprims 
consumption in 2017 in Sweden was 0,11 DDD/1000 inhabitants per day, and the 
resistance is at 20%. Trimetoprim has a wide spectrum of activity, both against gram-
negative and gram-positive bacteria [54], and is well tolerated amongst most people since 
its few side effects [55]. Usually trimethoprim is a suitable first line antibiotic to treat 
cystitis, however only when the resistance is below 20%. Because of the increasing 
resistance, the Swedish guidelines suggest to use trimetophrim when nitrofurantoin and 
pivmecillinam are not suitable for the patient [56]. 
 
There was no avaiable resistance data on norfloxacin in Bosnia-Herzegovina. However, 
fluoroquinolones that are used to treat UTI have cross-resistance, which means that all 
fluoroquinolones can act as an indicator for antibiotic resistance [57]. Therefore, the 
resistance data on fluoroquinolones (ciprofloxacin, ofloxacin, levofloxacin) will also 
justifiable represent norfloxacin resistance, hence assuming that the resistance was over 
20%. Generally, quinolones have a broad spectrum of activity with indications to treat a 
variety of infections [58]. Norfloxacin, and generally all fluoroquinlones, have shown to 
cause severe negative effects for instance muscle pain and weakness, cognitive 
disturbances, depression, burning pain [59], and are associated with the apperance of 
Clostridium difficile [53].  
 
Like in the guidelines in Bosnia-Herzegovina, there is one first generation cephalosporin 
antibiotic in the Swedish guidelines, cefadroxil. Cefadroxil has a similar in vitro activity as 
cephalexin and has a good effect on E. coli [60]. As mentioned before, the occurrence of 
Clostridium difficile is associated with the use of cephalosporins [53]. In Sweden, the 
resistance on cefadroxil in 2018 was 6% and looking at the consumption data it is not a 
very usual consumed antibiotic in Sweden.   
 

5. Discussion 
 
5.1 Method discussion 
 
It is clear that the resistance data from CAESAR and EARS-Net have important purposes. 
However, in order to fully understand the results, a short clarification on, amongst other 
things, data reliance and the networks differences and similarities needs to be addressed.  
 
To begin with, there are three levels of data validity in the CAESAR network; level A, level 
B and level C. Bosnia-Herzegovina had data of level A between 2016-2018 and level B in 
2015. The difference between level A and level B data is that the level A data gives an 
adequate estimation on the trend and amount of antimicrobial resistance in the 
country/region. Level B data shows more of an indication in the resistance patterns, the 
data is less representative but not necessarily wrong. However, because of possible errors 
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or biases the amount of resistance should be interpreted with prudence in the level B 
data. EARS-Net data does not assign levels of evidence, hence the uncertainty on data 
quality [24], however, it was seen in the EARS-Net report that the Swedish data had a 
high representative data of population- hospitals- and isolates samples [23]. Moreover, 
even though most laboratories in Bosnia-Herzegovina used European Committee on 
Antimicrobial Susceptibility Testing (EUCAST) guidelines, the resistance percentage can 
potentially differ when using other, for instance Clinical and Laboratory Standards 
Institute (CLSI) guidelines [24]. EUCAST breakpoints were used in Sweden during the 
whole time period that this study examined. However, breakpoints can change, which it 
did for some fluoroquinolones, which may have contributed to the results [23], more 
about this is discussed later.  
 
There was a big difference in number of tested isolates in Bosnia-Herzegovina compared 
to Sweden, where Sweden had about 5000-7000 isolates and Bosnia about 200 isolates. 
The more isolates, the more representative results. Despite the differences in availability 
of resources, the surveillance systems and protocols are similar in EARS-Net and 
CAESAR [61], and both networks only include isolates from blood and cerebrospinal fluid 
[24][23].  
 
Furthermore, the resistance results from CAESAR and EARS-Net should not be the only 
data to rely on when guiding empirical therapy. In order to guide an empirical therapy, 
the data quality on antibiotic resistance must both come from primary care and hospital 
care through standardized methods [62]. The collected isolates in CAESAR and EARS-
Net were all from hospital care [24][23]. However, even though the resistance data only 
shows what seems to be the top of the iceberg, it is meaningful from a clinical point of 
view [63].  
 
A clarification of consumption data also needs to be addressed. The data sources in 
Sweden and Bosnia-Herzegovina are both provided from sales records meaning that 
consumption data is not the same as the actual usage of antibiotics since it is hard to 
follow how the antibiotics are taken, hence the data is more of an estimation of the use of 
antibiotics. 
 
One more clarification that must be addressed is that the study conducted in Bosnia-
Herzegovina in 2016 collected urine samples from both inpatient and outpatient care and 
the study conducted in 2015 in Bosnia-Herzegovina collected urine samples only from 
outpatient care. This may have contributed to the different results of the two studies, 
hence should the results be interpreted with caution and act more as a guideline on the 
resistance situation.  
 
Despite the flaws and differences mentioned above, the results from both CAESAR and 
EARS-Net give a good picture on the antibiotic resistance situation on E. coli. The results 
from the two Bosnian studies and from Läkemedelsboken and Swedres-svarm also give a 
good picture on the resistance situation. 
 
5.2 Result discussion 
 
Results of this study showed that the occurrence of resistant E. coli in Bosnia-
Herzegovina and Sweden differed noticeable in most antibiotic groups. The resistance in 
Sweden was below 20% in all antibiotic groups in all four years, whereas in Bosnia-
Herzegovina the resistance was above and around 20% in most antibiotic groups in all 
four years. The general antibiotic consumption between 2011-2017 had changes in 
different directions in the two countries. In Sweden the total antibiotic consumption 
decreased, whereas in Bosnia-Herzegovina it first decreased a little between 2011-2014 
but then increased to an even higher DDD/1000 inhabitants per day in 2017 than it was 
in 2011. That being said, in Bosnia-Herzegovina the consumption increased in almost all 
J01 subgroups, whereas in Sweden it decreased in every subgroup. Studies of this kind 
are limited in patient care information, meaning that it is not known for what indication 
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these antibiotics were prescribed, hence it is not possible to completely determine the 
reasons for the use of individual antibiotic. However, generally large amounts of broad-
spectrum antibiotics are not necessary since narrow-spectrum antibiotics usually do the 
work, hence concluding that other factors might contribute to the large consumption. By 
looking at the results there seems to be different antibiotic prescription habits along with 
other contributory factors, for instance possibly stricter rules when it comes to both 
prescribing and buying, and as noted before different pharmacotherapy 
recommendations and how well they are followed. 
 
Another explanation of the high consumption and resistance in Bosnia-Herzegovina and 
the low consumption and resistance in Sweden lays in the modern-historical 
consumption. Going back 25 years in time, during the war in Bosnia-Herzegovina, 
ampicillin along with trimethoprim/sulfamethoxazole were used intensively in large 
amounts due to the lack of other antibiotics to treat various infections. Even after the war 
ended antibiotics were easily procured without a prescription which also lead to an 
irrational antibiotic consumption [64]. In Sweden at that same period of time, 
Strategigruppen för rationell användning och minskad antibiotika resistens (Strama) (in 
English: Swedish Strategic Programme for the Rational Use of Antimicrobial Agents) was 
founded. The goal was and is to maintain the effect of antibiotics. Thus, ever since the 
1990s Sweden has worked for a rational use of antibiotics and worked against antibiotic 
resistance, which is a reason to the relatively low antibiotic resistance and consumption 
today[62], whereas in Bosnia-Herzegovina they started the work just a couple of years ago 
and there is still a lot of work that has to be done.  
 
Today, this historical consumption of broad-spectrum antibiotics is still seen in Bosnia-
Herzegovina but in different shape and for different reasons. Broad-spectrum antibiotics, 
mostly amoxicillin, with and without enzyme inhibitor, are still used to the extreme even 
though a prescription is needed in order to buy antibiotics [65]. Other reasons to 
excessive use of antibiotics, not often broad-spectrum antibiotics, are lack of knowledge, 
fear and uncertainty. A Spanish study found that general practitioners (GPs) usually 
prescribed antibiotics, most often amoxicillin, partly because of their lack of knowledge 
about antibiotic resistance and also fearing that the infection will get serious, hence 
prescribing broad-spectrum to ensure that the patient is cured, but it also had partly to do 
with that patients are demanding them even though it is a viral infection and they 
therefore prescribe the antibiotics to them [66]. Not often are antibiotics considered as 
“wonder drugs” [67]. In some countries, antibiotics are easy procured where pharmacists 
hand over the antibiotics without a prescription leading to an even more excessive use. 
Generally, in eastern Europe, self-medication with antibiotics is a more common incident 
than in the northern European region [68], which could possibly be a contributory factor 
to the high prevalence of antibiotic resistance in Bosnia-Herzegovina since handing over 
antibiotics without prescription still occurs today [69]. A report in The Lancet Infectious 
Diseases by Ann Verspoorten et.al about antibiotic use in eastern Europe, were Bosnia-
Herzegovina was included, mentioned that the wide over the counter (OTC) sales is a 
problem in all countries included in the study. Also, a big use of amoxicillin was noted in 
all countries (except Georgia), and that amoxicillin + enzyme inhibitor use was 
particularly high in Turkey and Georgia, higher than in Bosnia-Herzegovina. The overall 
wide use of amoxicillin, with or without enzyme inhibitor, points to an unnecessary and 
inappropriate use in eastern Europe [70]. It is not excluded that these above-mentioned 
reasons are today the mainly contributing factors in the big utilization of broad-spectrum 
antibiotics and the high resistance on antibiotics in Bosnia-Herzegovina.   
 
The inappropriate and irrational use of antibiotics has to do much with the ignorance and 
uncertainty among both GPs, pharmacists and the general public as mentioned before. 
Diagnostic uncertainty happens when the clinical picture of bacterial and viral infection 
looks similar and therefore tends to lead GPs to prescribe antibiotics “just to be sure”. The 
GPs fear on infections getting complicated can be alleviated by looking at the change 
Sweden has done over these 20 years in antibiotic prescription, consumption and 
recommended treatment guidelines. In the past, antibiotics with a broad spectrum of 
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activity were widely used in treating loads of infections both in primary care and in 
hospital care. With the change, narrow spectrum antibiotics were put as first choice in the 
recommended guidelines for many infections. There have been no increases in serious 
infections in Sweden due to the change of the recommended guidelines along with the 
reduction in antibiotic prescribing. Hence, by working on appropriately prescribing 
antibiotics, using bacteriological cultures in order to observe resistance, having good 
hygiene and infection control measures, all of this are important steps that have 
contributed to the low resistance in Sweden without affecting the patients [63]. 
 
Further on, in the results it was noted that the E. coli resistance on fluoroquinolones 
increased in Sweden between 2015-2018. In the EARS-Net report from 2018 [23], it was 
mentioned that the high increase in fluoroquinolone resistance could have to do with 
EUCAST changing its clinical breakpoints in 2016 for many fluoroquinolones, which 
could explain the higher resistance percentage in Sweden, however it is not known when 
the participating laboratories implemented these changes or to what degree, hence the 
results should be interpreted with prudence. However, for now, this is the only feasible 
explanation that would explain the non-association on consumption and resistance in 
fluroquinolones in Sweden [23]. 
 
Another interesting finding was that ciprofloxacin, a Fluoroquinolone, was the third most 
prescribed antibiotic in Bosnia-Herzegovina since fluoroquinolones are nowadays on the 
WHO Watch list. The antibiotics on the WHO Watch list, are the antibiotics that have a 
greater resistance potential and/or the ones that are the highest prioritized within the 
Critically Important Antimicrobials for Human Medicine. Fluoroquinolones are one of 
the limited available antibiotic therapies to treat serious E. coli and Salmonella spp. 
infections [71], which is one reason why they should be restricted when prescribing. 
Another reason is their potential permanent side effects on the nervous system and in the 
muscles, joints or tendons [72], and from earlier stated results, high antibiotic resistance.  
 
Methenamine was as seen before the fourth most consumed antibiotic in Sweden in 2017. 
Methenamine has an indication to prophylactically treat uncomplicated UTIs in the lower 
urinary tract [73], however, it is interesting that the usage is so big since methenamine 
has a weak scientific evidence when prophylactically treating recidivating acute cystitis 
[30], even though some studies have shown that methenamine might be effective for a 
short time use when treating prophylactically in patients with no abnormalities in the 
renal tract [73].  
 
Treatment guidelines play an important role in the fight against antibiotic resistance. The 
increase and spread of resistance can be minimized by having appropriate antibiotics on 
treatment guidelines, meaning antibiotics with an appropriate spectrum of activity and 
low resistance. The GPs decision on the choice of treatment with antibacterial agent is 
supported by treatment guidelines. Appropriate treatment guidelines make the GPs more 
conscious of the selection of antibacterial agent, thus leading to a more appropriate 
antibiotic prescribing along with reduced resistance [74]. The low antibiotic consumption 
and resistance in Sweden is associated with the hard work against antibiotic resistance 
over the last 20 years, where amongst other things, the therapeutic guidelines have been 
updated with antibiotics that have an appropriate spectrum of activity along with having a 
reasonable resistance rate and also by having stricter monitoring on antibiotic prescribing 
[63]. By looking at the antibiotic consumption, resistance and other characteristics on 
antibiotics in Bosnia-Herzegovina, especially for amoxicillin + clavulanic acid and 
norfloxacin, it is possible that the treatment guideline for acute uncomplicated cystitis 
need an update. It is hard to draw a conclusion from this study whether the overall big 
antibiotic resistance and consumption of broad-spectrum antibiotics has to do with the 
treatment guideline for acute uncomplicated cystitis, since these antibiotics have other 
indications too. In order to find reasons, more investigations are necessary. Furthermore, 
the overall appropriateness in therapy lays in each individual patient, where 
consideration to the response of therapy, the host characteristics and the cost of therapy 
along with being evidence-based should play an important role [3]. However, it is not 
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excluded that the resistance and consumption might decrease in Bosnia-Herzegovina by 
updating the treatment guideline with more adequate antibiotics.  
 
From the results of this study, a reasonable therapeutic treatment guideline to treat 
uncomplicated cystitis should not involve fluoroquinolones nor amoxicillin + clavulanic 
acid. Fluoroquinolones should not be used because of the high prevalence of resistance. It 
is not adequate to treat with an antibiotic that has a bacterial resistance 20% or more if 
not necessary [44]. Furthermore, they are not suitable since European Medicine Agency 
(EMA) has concluded that fluoroquinolones should be restricted to treat simple 
infections, for instance uncomplicated cystitis and recurring lower urinary tract 
infections. Norfloxacin along with many other fluoroquinolones are on WHO Watch list 
as mentioned before which is another reason why they are not suitable to treat simple 
uncomplicated infections like cystitis. Amoxicillin + clavulanic acid is not suitable 
because of the high prevalence of resistance and because a broad-spectrum antibiotic 
usually is not needed when treating simple infections. These two antibiotics should only 
be used for treating complicated infections if no other antibiotic is suitable. Moreover, 
trimethoprim is usually a suitable first line antibiotic however only when the resistance is 
below 20%. However, because of the increasing resistance, the Swedish guidelines already 
suggests to use trimetophrim only when nitrofurantoin and pivmecillinam are not 
suitable for the patient [54]. Trimethoprim is questionable since the high resistance, 
however since it has a small consumption it is possible that the resistance might not get 
affected as much by it, however it is important to constantly monitor the changes in 
resistance. Cephalexin and cefadroxil, apart from the possible appearance of Clostridium 
difficile, seems to be an good option to treat cystitis when other usually more appropriate 
antibiotics are not suitable for a particular patient. 
 
Nitrofurantoin and pivmecillinam seem to be appropriate for treating uncomplicated 
cystitis in firsthand. Apart from the two previous mentioned there is one antibiotic that 
neither countries have on their therapeutic guidelines for treating acute uncomplicated 
cystitis but that has shown great effect in countries where it is used, and that is 
fosfomycin. Fosfomycin is special in the way that, just like beta-lactams it inhibits 
peptidoglycan synthesis but at an earlier stage in the process [75]. It has great effect on  
E. coli [76], and on ESBL-producing strains [77]. Clinical trials have shown that 
fosfomycin is effective when treating uncomplicated cystitis, which is why it is on the 
recommended treatment guideline in the US, Canada and some European countries. Also, 
the resistance on fosfomycin remains low in the countries where it is used [75]. Its success 
in treating lower UTIs has to do with the high concentration of substance in the urinary 
tract, just like nitrofurantoin and pivmecillinam. Furthermore, it is taken as a 3 gram 
single dose, it is tolerated by most people over 12 years, however a reduction in dose is 
needed when Creatine Clearance (CrCl) is <50 ml/min. Australian guidelines recommend 
to use fosfomycin when the standard first line antibiotics are not suitable in order to 
reserve its very low resistance since some studies have indicated that the resistance might 
be increasing if used to much [76]. To summarize, nitrofurantoin and pivmecillinam are 
suitable to treat in firsthand uncomplicated cystitis because of their, amongst other 
things, low resistance and pharmacokinetics. Fosfomycin could be an option if the two 
previous mentioned are not appropriate for the specific patient. Of course, before 
implementing it into the guidelines, tests on local resistance and other contributing 
factors in the population needs to be done. Cefadroxil and cephalexin seem to be a good 
option when neither nitrofurantoin nor pivemecillinam, and even fosfomycin, are not 
suitable for the patient.  
 

6. Conclusion 
 
The findings of this study showed that E. coli resistance on antibiotics and antibiotic 
consumption differs Bosnia-Herzegovina from Sweden. The resistance in Sweden was 
overall lower than in Bosnia-Herzegovina. The biggest noted change in resistance in 
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Sweden was in fluoroquinolones, with a resistance on 12,6% in 2015 and 18,1% in 2018 
and the highest resistance percentage was seen in 2015 in aminopenicillins. The 
resistance in Bosnia-Herzegovina was above or around 20% in most years in most 
antibiotic groups. The biggest noted change in resistance in Bosnia-Herzegovina was seen 
in aminopenicillins and amoxicillin + clavulanic acid, with a decrease of 11 percentage 
points, respectively. 
 
It was noted that the overall consumption in Sweden decreased between 2011-2017 
whereas it in Bosnia-Herzegovina first decreased a little but then increased to an even 
higher DDD/1000 inhabitants per day in 2017 than it was in 2011. Both countries 
consumed beta-lactams (J01C) the most, however it was seen that beta-lactams with a 
narrow spectrum of activity were preferred in Sweden whereas in Bosnia-Herzegovina 
beta-lactams with a broad spectrum of activity were preferred. Overall, the most 
consumed antibiotics in Bosnia-Herzegovina were antibiotics with a broad spectrum of 
activity. Bosnia-Herzegovina might change its consumption habits into being more 
appropriate by, amongst other things, working on appropriately prescribing antibiotics, 
using bacteriological cultures in order to observe resistance, having good hygiene and 
infection control measures. 
 
It was noted that the attitude towards antibiotics seem to be different in Sweden and 
Bosnia-Herzegovina, where further action to improve antibiotic resistance should lay in a 
bigger focus in Bosnia-Herzegovina. 
 
Because of the high resistance on amoxicillin-clavulanic acid in Bosnia-Herzegovina, it 
seems to not be an adequate antibiotic on the treatment guideline for acute 
uncomplicated cystitis. Furthermore, fluoroquinolones are also not appropriate for 
treating acute uncomplicated cystitis because of their severe effects, high resistance and 
because of the placement on the WHO Watch list. As for Sweden, further monitoring on 
the prevalence and spreading of E. coli resistance on trimethoprim needs to be continued. 
Also, it is important to continue the low consumption of trimethoprim in order to not 
increase the resistance. The therapeutic guideline in Bosnia-Herzegovina seem to need an 
update, which could contribute to changing the prescription habits.  
 
Further researches on antibiotic resistance and the attitude towards antibiotics 
concerning GPs, pharmacists and general public should be conducted in order to change 
the habits regarding antibiotic consumption and prescription in Bosnia-Herzegovina. In 
order for Sweden to stay and continue the overall decrease in antibiotic resistance, it is 
important that the monitoring of resistance, antibiotic prescriptions and other infection 
prevent measures continues. 
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