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Abstract 
The discovery of the first antibiotic by Alexander Fleming was a major milestone in the history 

of modern medicine. However, with each new antibiotic class introduced to the market, 

antimicrobial resistance (AMR) rapidly occurred. AMR is a zoonotic problem and even though 

many countries worldwide banned the use of antibiotics for animal growth promotion, the 

amount of antimicrobial use for livestock is still high.  

In this project the situation of antimicrobial resistance was evaluated at 55 Swedish dairy farms. 

The MICs for 14 antibiotic classes were analyzed for 481 E.coli isolates from different sample 

types (calves, manure drainages, manure wells, birds, rodents, flies). 40.7% of all isolates were 

resistant to at least one of the antibiotic drugs, among which 63.3% were multi-resistant. The 

antibiotic to which the highest number of strains was resistant to was Streptomycin, an 

antibiotic that is commonly used for infected cows. Interestingly, strains from one type of host 

were more resistant to certain antibiotic classes than others. Transmission between all sample 

types is therefore less likely. However, results from whole-genome-sequencing showed the 

same MLST types of strains from the same and neighboring farms, demonstrating close 

relatedness and a possible transmission. Furthermore, high colistin-resistance prevalence 

occurred (4.1-27.8%), which was not expected as no colistin-resistant strain has been isolated 

from animals in Sweden so far. Only one ESBL-producing E.coli was found, which goes along 

with previous studies. Taken together, these findings highlight the importance of understanding 

the situation of antimicrobial resistance at Swedish dairy farm and give an insight into 

transmission routes.  
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Popular Summary 
In 1928 Alexander Fleming discovered the first antibiotic: Penicillin. This discovery changed 

the face of modern medicine completely and the golden era of antibiotics started. In the 

following 50 years many new antibiotic classes were discovered and introduced to the market. 

Especially soldiers in the second world war took advantage from those new treatments for their 

war-associated infections. Many survived those otherwise deadly infections. Antibiotics were 

seen as a magical cure for every kind of infection and were taken like candies, without thinking 

about consequences.  

Quickly, the advantages of antibiotics in the livestock industry were discovered as well. Giving 

antibiotics to animals made them healthier, bigger and stronger. It was an easy way to increase 

the profit.  

However, the magical image of antibiotics that people had, changed drastically. Overusing 

antibiotics in human medicine and as growth promoters for animals gave the bacteria the 

opportunity to fight back. Instead of being killed by the drugs, they evolved mechanisms to 

protect themselves from antibiotics and became antibiotic resistant. This issue can be seen at 

many situations today, especially if infectious diseases can suddenly not be treated with 

antibiotics anymore and people start to die from such infections again. However, those resistant 

bacteria are not only found in infected patients but also in animals.  

Understanding the situation of antibiotic resistant bacteria at dairy farms is an important task. 

Samples from calves, manure drainages, manure wells, birds, rodents and flies from Swedish 

dairy farms were tested and a total number of 40.7% of all isolated bacteria showed resistance 

towards at least one antibiotic class. 63.3% out of those bacteria were even multi-resistant, 

which means they are resistant to three or more antibiotic classes. The question then was: where 

did those resistant bacteria come from and were they transmitted between the different host, for 

example did a bird or rodent carry such resistant bacteria and infected the calves at the farm 

with it or vice versa? Several experiments were done to answer those questions; however, the 

results were controversial. Results from one experiment showed that bacteria from calves were 

resistant to different antibiotic classes than bacteria from birds for example. This would mean 

that transmission between different host is rather unlikely. By sequencing the whole genome of 

17 samples, it was however seen that the strains taken from the same farm and even the 

neighboring farms, including all sample type, were closely related, which means that 

transmission is indeed possible.  

One antibiotic class, called Colistin, is one of the last resort antibiotics. It is hardly used in 

human medicine and only used in sick pigs occasionally. Therefore colistin-resistant bacteria 

were never found in any animals from Sweden so far. In this study however, 22 samples were 

found to be colistin-resistant. This is a scary finding, since it means that even our last resort 

antibiotic is already facing resistance problems. However further analyses are pending.  

All those findings show that Swedish dairy farms face an antibiotic resistance problem and 

actions need to be done to reduce the risk of spreading those bacteria to humans.  
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1. Introduction 

1.1 Introduction to Antibiotics 

The discovery of the first antibiotic changed the face of modern medicine completely (1). It 

was in 1928, when Alexander Fleming accidentally discovered, that small molecules that get 

produced by a mold called Penicillium can inhibit the growth of certain types of bacteria (2). It 

took a few decades more to get those small molecules – named penicillins – produced in a large 

scale and available for the public (1). But from then onwards the golden era of medicine had 

started and many classes of antibiotic were discovered and introduced to the market. This was 

a great change in medicine, as diseases, that were previously deadly, such as Streptococcal 

infections, were suddenly easily treatable. Especially during the world war, Penicillin and other 

antibiotics were true miracle drugs for wounded soldiers (3).  

The word ‘antibiotic’ comes from the Greek word ‘anti’, which means ‘against’ and the word 

‘bios’ that means ‘life’ (4). Antibiotics are small molecules that inhibit the growth or kill 

bacteria. Most of the firstly discovered antibiotics were naturally occurring molecules that were 

found in nature, often produced by molds. Nowadays new antibiotics are often synthetically 

produced and have similar structures to older antibiotics, with improved features (5).  

Antibiotics can be bacteriostatic, bacteriocidal or bacteriolytic (6). Bacteriostatic means that the 

growth of the bacteria is stopped. Bacteriocidal means that the bacteria are killed. Bacteriolytic 

means that the bacteria are killed and lysed. Beside categorizing antibiotics in one of those three 

classes, antibiotics can also be classified into how broad their spectrum is (7). Some antibiotics 

have a rather narrow spectrum and target only gram- or only gram+ bacteria or even only certain 

bacteria, while other have a broad spectrum and target gram- and + bacteria.  

Different classes of antibiotics have different targets in the bacterial cell, however most 

antibiotics can be classified into one of the following targets that they have (Fig.1) (8): 

- Cell wall synthesis 

- Protein synthesis 

- Nucleic Acid synthesis 

- Elongation Factors 

- Metabolic Pathways  

Figure 1: Targets of antibiotics within the bacterial cell (modified from (11)) 
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Antibiotics that target the cell wall synthesis, interfere with the creating of the peptidoglycan 

layer of bacteria (9). As it takes several steps to create such layer, different antibiotics can 

interfere at different stages of this process. An example would be beta-lactams such as Penicillin 

that irreversibly bind to an enzyme called transpeptidases (10). Transpeptidases are important 

enzymes that catalyze the cross linkage between new pentapeptides of the peptidoglycan layers. 

By irreversibly blocking these enzymes, the cell wall cannot be formed or expanded, which 

means that the bacterium becomes prone to water and environmental pressure and rapidly dies. 

Other antibiotics that have the cell wall synthesis as their target are Cycloserine, Bacitracin and 

Vancomycin (11). 

Antibiotics that target the protein synthesis, interfere either with the small or the large ribosomal 

subunit (9). During translation, the small 30S ribosomal subunit forms a complex with initiation 

factors and binds the first tRNA (f-met) (8). Conformational changes allow the large 50S 

ribosomal subunit to combine with the 30S subunit to the 70S ribosomal complex. Accordingly, 

to the specific mRNA code, more tRNAs bind that carry certain amino acids. These amino acids 

build a peptide chain.  All these steps can be inhibited by certain antibiotics. Tetracycline for 

example inhibits the binding of tRNA to the acceptor site of the 70S ribosome by binding itself 

to the acceptor site. Therefore, no new tRNA can bind and the elongation along the mRNA is 

stopped. Other antibiotics that have the protein synthesis as their target are aminoglycosides, 

chloramphenicol and macrolides (11). 

Antibiotics that target the nucleic acid synthesis, interfere either with the DNA or with the RNA 

synthesis of the bacterium (9). Here, different enzymes such as the RNA polymerase or the 

DNA gyrase can be blocked, by for examples Rifampin and Quinolones such as Ciprofloxacin 

respectively (11).  

Fusidic acid is an example of an antibiotic that interferes with the elongation factors of bacteria 

(8). It binds to the elongation factor G and therefore inhibits its release from EF-G/GDP 

complex. 

A metabolic pathway of bacteria that can be inhibited by antibiotics is for example the folic 

acid synthesis (12). Sulfonamides for example are competitive inhibitors of dihydropteroate 

synthase (DHPS), which is the first enzyme involved in folic acid synthesis.  Other antibiotics 

that interfere with the folic acid synthesis pathway are Trimethoprim and Pyrimethamine (11). 

 

1.2 Antimicrobial Resistance 

With the introduction of antibiotics in the 20th century and the new easy ways of treating 

otherwise deadly infection, also the appearance of antibiotic resistance occurred quickly (1). 

Antibiotic resistance is a way of bacteria to withstand the effect of antibiotic, so that they are 

not killed or inhibited by the drug. With each new antibiotic or antibiotic class that was 

introduced to the market, resistance towards this new antibiotic or antibiotic class occurred 

within a short period of time and rapidly increased with the high use of the antibiotics (13). 

Even for the very first antibiotic ‘Penicillin’, resistance was observed just a few years after its 

introduction onto the market (14). The more antibiotics were used, the more rapidly resistances 

occurred. Furthermore, the discovery of new antibiotics has been very low for decades (Fig.2) 

(13,14).   
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Similar to the different antibiotics that have different target inside the bacterial cell, bacteria 

evolved many different ways of being resistant to those antibiotics (15). These different 

mechanisms can be categorized as following: 

- Chemical modification/destruction of the drug, so that the drug is inactivated before it 

reaches the target. Inactivation can happen by hydrolysis or substitution for example. 

- Reduced uptake of the drug, so that the drug cannot reach the target due to changes in 

cell permeability or loss of membrane proteins. 

- Efflux pumps that actively remove the drug. 

- Changes in the target site. 

- Use alternative target/pathway, so that another enzyme takes over the role of the target 

enzyme, which is however uninhibited by the drug.  

Antibiotic resistance can be acquired by bacteria by two different events: Mutation and 

Horizontal Gene Transfer (HGT) (16).  Mutations happen randomly. However, if a selective 

pressure exists, such as a presence of an antibiotic, the bacteria with mutation that causes 

resistance toward the antibiotic have an advantage in contrast to the bacteria that do not possess 

this mutation. This means that even though this certain mutation lowers the fitness of the 

bacterium, it can still survive in presence of the drug. Depending on how severe the fitness cost 

is, the mutation changes back to wild type when the selective pressure (antibiotic presence) is 

removed. Some mutations have been shown to confer no fitness loss, such as quinolone 

resistance, and would remain even after removal of selective pressure (17). HGT on the other 

hand means that certain genetic elements are transferred between two bacteria. This can happen 

by transformation, transduction or conjugation (16). Transformation is the pickup of naked 

genetic material from the environment, for example from a lysed cell. Transduction is the 

transfer of genetic elements via a phage, a virus that infects bacteria. While infecting one 

bacterial cell, the phage replicates its genome inside the cell and packs the new replicated 

genome into new viral particle. It can happen that during this process bacterial genetic material 

ends up in the viral particle as well. When infecting another bacterial cell, the bacterial genetic 

material that ended up in the viral particle gets injected into the cell as well.  Conjugation is a 

form of HGT where a mating plasmid allows the bacterial cell to create a pilus that can inject a 

copy of the plasmid into another bacterial cell. This plasmid can contain other genes such as 

resistance genes as well. 

In the last few years more and more multi-resistant bacteria were observed as well. Multi-

resistance means that the bacterium is resistant towards at least three different classes of 

antibiotics (18). The most prominent example is the hospital germ ‘MRSA’. MRSA stand for 

Figure 2: Timeline of approved new 

antibiotics vs. resistant antibiotics. Blue 

bars show the number of approved 

antibiotics; the black line shows the 

trend of antibiotic development; the red 

line shows the percentage of reported 

resistance in bacteria (14) 
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Methicillin-Resistant-Staphylococcus aureus and is resistant to beta-lactams, including 

penicillins (e.g. methicillin) and cephalosporins (18).  

 

1.2.1 ESBLs 

Another case of multi-resistance are ESBLs. ESBL stands for Extended-Spectrum-Beta-

Lactamase and is an enzyme produced by certain gram-negative bacteria that can hydrolyze an 

extended spectrum of beta-lactam antibiotics (19). Per definition it can at least hydrolyze third-

generation cephalosporins such as Cefotaxime. 

The first observed case of ESBL-producing bacteria was in 1963, when a Greek patient named 

Temoniera was admitted to the hospital with an infection that was not treatable with the 

commonly used antibiotics (20). By analyzing the genome of the bacteria, scientists found a 

gene that causes the resistance to beta-lactams including third generation cephalosporins and 

named the gene after the first patient: Tem-1 (20). Until now there were more than 1000 

different gene identified that cause the ESBL phenotype (21). The most common class of 

ESBLs nowadays are CTX-Ms (22).  

 

1.2.2 Colistin Resistance 

Colistin is thought to be a last resort drug to which bacteria did not at all or only to a certain 

extend evolve resistance yet (23). Colistin is an antibiotic that was discovered in 1949 and 

introduced to the market in 1959. However due to severe side effects, including neuro- and 

nephrotoxic effects, it was replaced by other antibiotics in the 1970s. Since antibiotic resistance 

increased to a threatening level, Colistin was considered again as a last resort drug for cases in 

which other antibiotics did not work anymore. Colistin was used as a topic treatment in some 

cases and to pigs as oral treatment of weaning diarrhea (24). Therefore, it was thought that 

resistance towards colistin did not evolve yet due to the low usage levels.  However even though 

Colistin was not really used until 1990s and is now only used in certain cases, resistance was 

observed already in certain settings (23). In Sweden 6 colistin-resistant strains were isolated 

from patients since 2008, none were isolated from animal samples (24).  

 

1.2.3 AMR as a zoonotic problem 

Antimicrobial resistance is not only a problem observed in human pathogens, but also in animal 

bacteria and the ones that we share (21). Therefore, it is a zoonotic problem. Potential 

transmission pathways of zoonotic bacteria are for example direct and close contacts between 

humans and animals in low-income country, where humans and animals live in close proximity 

to each other, and indirect contact such as through the food chain.  

Millions of tons of antibiotics are used every year as growth promotors in the animal industry 

(25). It is thought that these huge amounts of antibiotics used for animals are part of the rapid 

resistance problem. In China for example, there are 210 million kg of antibiotics used each year, 

out of which 46.1% are used in livestock industries as growth promotors (26). Many countries 

therefore banned the use of antibiotics as growth promotors, but tons of antibiotics are still used 

for animals each year (25).   

 

1.3 Situation at Swedish Dairy Farms 

Sweden is one of the countries that banned the use of antibiotics as growth promotors already 

in 1986 (24). Antibiotics are only allowed to be used for animals if they are sick and need 

treatment or in strictly regulated cases as prophylaxis. The antibiotics that are most commonly 

used at dairy farms in Sweden are Streptomycin and benzylpenicillin. These antibiotics are used 

for mastitis infections for examples, that are often caused by E.coli and S.aureus. In those cases, 
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the sick cow gets the antibiotic injected into the udder for 3-5 days (27). The milk of the infected 

cow cannot be sold for the time of infection and treatment and a withdrawal time of a few days 

afterwards, however farms occasionally feed that milk to calves.  

 

E.coli 

Escherichia coli is a well-established indicator organism that is frequently used for 

antimicrobial resistance development in humans and different types of animals (28). It is a 

common enteric commensal, can however be a pathogen as well and acquires resistances easily. 

It can therefore cause resistance-associated health issues itself or act as a reservoir of resistance 

genes, that can be transferred to other bacterial species, including pathogenic ones, via HGT.  

To choose E.coli in this study furthermore, allowed the comparison with previous studies that 

used E.coli as an indicator/reference organism as well.  

 

 

1.4 The aims of the study 

The aim of this project is to get an insight in the situation of AMR prevalence and spreading in 

Swedish farms, especially in calves and their surroundings. Comparing the resistance patterns 

of isolated bacteria with the patterns of isolated bacteria from nearby animals such as rodents, 

birds and flies will also give an insight in the transmission route of AMR among different hosts. 

 

 

2. Materials and Methods 

2.1 Antimicrobial Resistance 

 

2.1.1 Sample Collection and Preparation 

In this study 55 Swedish Dairy Farms were included (Fig.3). At each farm 10 samples were 

collected: 5x calves, 1x manure drainage, 1x manure well, 1x birds, 1x rodents and 1x flies.  

 

Figure 3: Locations of the 55 Swedish Dairy Farms, where 

the samples for this project were taken from (modified from 

Google Maps) 
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Skilled veterinarians from the University of Agricultural Sciences, Uppsala were taking the 

samples in the same way each time: 

1. Fecal samples from 5 calves up to the age of 30 days were taken directly from the calves 

with a swab and stored in transport media. 

2. Samples from the manure drainage and manure well were taken by dipping a swab into 

the manure drainage and manure well and stored in transport media. 

3. Samples from birds and rodents were collected by searching for bird droppings and fecal 

material from rodents in and around the farm building. Both samples were either 

collected by swabbing the bird droppings and fecal material with a swab and storing in 

transport media or by dropping the fecal material into the transport media directly. 

4. Flies were collected by hanging tape in the farm building. Flies attached to it and were 

transferred into transport media, in which they were crushed with a swab. 

All samples were kept in the tubes with transport media and stored in a cooling box until 

transported to the laboratory, where the samples were kept in the fridge at 4°C until analyzed 

within 1 week.   

 

 

2.1.2 E.coli Isolation & Calculation of Resistance Proportions 

All samples were stored in transport media with a swab. The swabs were taken out of the 

transport media and transferred to tubes with 3mL sterile NaCL (0.9%), properly vortexed and 

incubated at room temperature for 15 minutes. Afterwards the tubes were vortexed again and 

serial diluted by a dilution factor of 10 up to 10-4. 1mL of certain dilutions (depending of the 

sample type) was then spread on a petrifilm SEC. Regarding the calf samples the following 

dilutions were used: 10-2 and 10-4. Regarding the other samples (manure drainage, manure well, 

birds, rodents, flies) 10-1 and 10-3 dilutions were used. Furthermore, for each sample 1mL of 

100 and 10-2 dilutions were mixed with 50µL of 672µg/mL Nalidixic acid and spread on a 

petrifilm SEC. The same was done with 50µL of 1344µg/mL Tetracycline. Therefore, a total 

number of 6 petrifilms SEC were prepared per sample (2 dilutions without antibiotics, 2 

dilutions with nalidixic acid and 2 dilutions with tetracycline) and incubated overnight at 42°C.   

The prepared dilutions were stored in the fridge for the case that the growth on the petrifilm 

was not as expected. If too many or too few colonies were growing after the overnight 

incubation, a lower or higher dilution was used and spread on the petrifilm SEC. An optimal 

amount of colonies was 150 colonies. The colonies had a blue coloration, which indicates the 

presence of E.coli. Growth of any other bacteria would look transparent. Colonies growing on 

the petrifilm that was incubated with nalidixic acid are characteristic for quinolone resistant 

E.coli, while colonies growing on the petrifilm that was incubated with tetracycline are 

characteristic for tetracycline resistant E.coli. The colonies on all petrifilms (that are in a 

countable range) were counted and calculated back to cfu/mL in the original sample as 

following: 

 

𝑶𝒓𝒊𝒈𝒊𝒏𝒂𝒍 𝒔𝒂𝒎𝒑𝒍𝒆 [
𝒄𝒇𝒖

𝒎𝑳
] = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠 𝑜𝑛 𝑝𝑒𝑡𝑟𝑖𝑓𝑖𝑙𝑚 ∗ 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 

 

Based on the calculated cfu/mL in the original sample, it was possible to calculate the 

approximate proportion of tetracycline resistant and quinolone resistant E.coli in the original 

sample: 
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𝑷𝒓𝒐𝒑𝒐𝒓𝒕𝒊𝒐𝒏 𝒐𝒇 𝑻𝒄 (𝑵𝒂𝒍) 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒕 𝑬. 𝒄𝒐𝒍𝒊 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓

𝑐𝑓𝑢
𝑚𝐿  (𝑤𝑖𝑡ℎ 𝑇𝑐 (𝑁𝑎𝑙))

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓
𝑐𝑓𝑢
𝑚𝐿  (𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑎𝑛𝑡𝑖𝑏𝑖𝑜𝑡𝑖𝑐𝑠)

  

 

Of each sample three randomly selected colonies were isolated from the petrifilms (1 colony 

from the petrifilm without antibiotics, 1 colony from the petrifilm with Nal and 1 colony from 

the petrifilm with Tc) by making a pure culture on Horse Blood Agar Plates. The agar plates 

were incubated overnight at 37°C. Each pure culture was further confirmed to be E.coli by a 

positive indole test. The pure cultures were stored in freezing media (LB/glycerol) at -80°C. 

 

2.1.3 VetMIC Analysis 

The randomly isolated E.coli from the petrifilm without antibiotics was then used for MIC 

analysis by microdilution using the system VetMIC (29). Each isolate was streaked on a Horse 

Blood Agar Plate and visually checked for purity. 3-5 big colonies were picked with a 1µL 

loop, dissolved into 4mL of NaCl (0.9%) and vortexed properly. 20µL from these tubes were 

added to 10mL of Müller Hilton Broth in a 25mL reservoir. By pipetting up and down and 

shaking the reservoir back and forth, the cells were properly distributed in the broth. For the 

VetMIC analysis, prepared 96-well plates from SVA, Uppsala (VetMIC GN-mo) were used, 

that have different concentration of antibiotics in each well. Different antibiotic classes were 

used in different columns. The last well functioned as a negative control and did not have any 

antibiotics inside (Table 1).  

 
Table 1: VetMIC GN-mo panel; Am=Ampicillin, Ci=Ciprofloxacin, Nal=Nalidixic Acid, Gm=Gentamycin, 

Sm=Streptomycin, Tc=Tetracycline, Ff=Florfenicol, Cs=Colistin, Su=Sulfamethoxazole, Tm=Trimethoprim, 

Cm=Chloramphenicol, Km=Kanamycin, Ctx=Cefotaxime, Caz=Ceftazidime, c1=control with buffer; the 

numbers represent the antibiotic concentrations in each well [mg/L] 

 1 2 3 4 5 6 7 8 9 10 11 12 

A Am 

128 

Ci 

1 

Nal 

128 

Gm 

16 

Sm 

256 

Tc 

128 

Ff 

32 

Su 

1024 

Tm 

16 

Cm 

64 

Ctx 

2 

Caz 

16 

B  

64 

 

0.5 

 

64 

 

8 

 

128 

 

64 

 

16 

 

512 

 

8 

 

32 

 

1 

 

8 

C  

32 

 

0.25 

 

32 

 

4 

 

64 

 

32 

 

8 

 

256 

 

4 

 

16 

 

0.5 

 

4 

D  

16 

 

0.12 

 

16 

 

2 

 

32 

 

16 

 

4 

 

128 

 

2 

 

8 

 

0.25 

 

2 

E  

8 

 

0.06 

 

8 

 

1 

 

16 

 

8 

Cs 

4 

 

64 

 

1 

 

4 

 

0.12 

 

1 

F  

4 

 

0.03 

 

4 

 

0.5 

 

8 

 

4 

 

2 

 

32 

 

0.5 

 

2 

 

0.06 

 

0.5 

G  

2 

 

0.016 

 

2 

 

0.25 

 

4 

 

2 

 

1 

 

16 

 

0.25 

Km 

16 

 

0.03 

 

0.25 

H  

1 

 

0.008 

 

1 

 

0.12 

 

2 

 

1 

 

0.5 

 

8 

 

0.12 

 

8 

 

0.016 

 

c1 
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50µL of the broth with dissolved bacterial cells was added into each well by using a 

multichannel pipette. The 96-well plates were then covered with a transparent parafilm tape and 

incubated for 16-18h at 37°C.  

At the same time a purity test of each sample was performed by dipping a 10µL loop into the 

broth with bacterial cells and streaking it onto a new Horse Blood Agar Plate. Those plates were 

incubated at 37°C overnight. The purity of the growth was investigated by observing differences 

in growth and colony appearance.  

Regularly a viable count test was performed as well, to assure that the cell count is 

approximately the same for each sample. For that, 10µL of the broth was added to 10mL of 

NaCl (0.9%) and vortexed properly. 100µL were then added to a fresh Horse Blood Agar Plate, 

distributed over the whole plate by using plastic beads and incubated overnight at 37°C. If all 

steps were performed correctly around 50 colonies were counted after the incubation time.  

After incubation of the 96-well plates, the plates were visually inspected by placing them onto 

a magnifying mirror. If the bacteria were able to grow, white pellets in the wells were visible. 

If the bacteria were inhibited by the antibiotics in the wells, the wells were clear. The first well 

of each antibiotic class that does not have a visible pellet inside, is considered as the Minimum 

Inhibitory Concentration (MIC). EUCAST published a list, that describes which MIC bacteria 

need to be considered sensitive towards an antibiotic, resistant towards an antibiotic or 

intermediate (SIR values) (30). An excel sheet was prepared to gather all obtained MICs and 

compare them to the SIR values.   

 

2.2 ESBL-producing E.coli 

 

2.2.1 Sample Collection and Preparation 

The same sample collection and preparation procedure for this project has been done as for the 

‘Antimicrobial Resistance’-project (see 2.1.1). Therefore, for each sample type, 2 samples were 

collected, e.g. from each calve two swabs were taken, one for the ‘Antimicrobial Resistance’-

project and one for this project (‘ESBL-producing E.coli’). 

 

2.2.2 Selective Culturing of ESBL-producing E.coli 

Like for the other project, all samples were stored in 

transport media with a swab. The swabs were taken out 

of the transport media and transferred to tubes with 4mL 

of peptone water for enrichment. The tubes were 

incubated at 37°C overnight. On the next day a sterile 

swab was soaked up with the enriched bacteria and 

streaked onto selective and differential agar plates: C3G 

ChromAgar plates (31). Those plates are selective for 

bacteria with reduced susceptibility to 3rd generation 

cephalosporins due to a supplemented antibiotic inside 

of the media, and differential due to different colony 

colors resulting from different metabolic behaviors: 

pink coloration indicates the presence of E.coli and blue 

indicates other Enterobacteria such as Klebsiella and 

Enterococci for example (Fig.4).  

The focus of this project is on ESBL-producing E.coli, 

therefore further analyses were done only on E.coli-

expected colonies. For pink colonies an indole test was 
Figure 4: Species differentiation based on 

C3G ChromAgar (31) 
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performed. In case of a pink colony with a positive indole test, a pure streak was done by 

streaking one colony per sample onto a fresh Horse Blood Agar Plate. The horse blood agar 

plates were incubated overnight at 37°C and the pure cultures were frozen at -80°C in 

LB/glycerol freezing media.  

 

2.2.3 Confirmation of ESBL-producing E.coli by MALDI-TOF 

To confirm the presence of ESBL-producing E.coli, they were characterized by MALDI-TOF. 

From the pure cultures one colony was picked with a toothpick and spread on the MALDI-TOF 

plate. 1µL of matrix solution (Bruker matrix solution containing HCCA) was added and the 

plate was left at room temperature for approximately 15 min to dry. Then the plate was run with 

the MALDI-TOF machine (Bruker MALDI Biotyper) and the identified species were listed into 

an Excel Sheet. All samples that were identified as E.coli were used for further analyses.  

 

2.2.4 VetMIC Analysis 

All positively identified ESBL-producing E.coli strains were phenotypically analyzed by 

VetMIC (29). The same method and procedure was used as for the ‘Antimicrobial Resistance’-

project (see 2.1.3).  

 

2.2.5 Preparation for Whole-genome-sequencing 

All samples that were isolated from the C3G ChromAgar plates and identified as E.coli by 

MALDI TOF were whole-genome-sequenced. For this the DNA of the bacterial cells was 

extracted by using the Qiagen kit (DNeasy Blood & Tissue Kits) (32). 3-5 colonies were picked 

with a 1µL loop and suspended into 200µL buffer PBS.  20µL of proteinase K and 200µL of 

buffer AL were added, vortexed properly and incubated at 56°C for 10min. 200µL ethanol 

(99%) were added, vortexed properly and the mixture was transferred to the DNeasy Mini spin 

column placed in a 2mL collection tube. The tubes were centrifuged at >6000 x g for 1 min and 

the flow-through was discarded. The columns were placed in new 2mL collection tubes and 

500µL washing buffer 1 were added. The tubes were centrifuged at >6000 x g for 1min and the 

flow-through was discarded. Then 500µL of washing buffer 2 were added. The tubes were 

centrifuged at 20000 x g for 3 min and the flow-through was discarded. The columns were 

placed into a new 1.5mL microcentrifuge tube and 200µL elution buffer were added. The tubes 

were incubated at room temperature for 1 min and then centrifuged at >6000 x g for 1 min. The 

eluent was collected in the microcentrifuge tube and stored at 4°C for further use.  

The concentration of the extracted DNA and its final amount were measured by Qubit (33). The 

Qubit dsDNA HS Reagent was diluted 1:200 in Qubit dsDNA HS buffer with a final volume 

of 200µL for each sample. 190µL of this working solution were mixed with 10µL of Qubit in 

one tube. Regarding the samples 180µL of working solution were mixed with 20µL of DNA 

extract. The tubes were incubated at room temperature for 2 min and run on the Qubit 3.0 

fluorometer by using the tube with the Qubit standard as a reference.  

To facilitate the shipping of the DNA to the WGS company (Novogene), the DNA was 

lyophilized. The lyophilized samples were then send at room temperature to Novogene for 

WGS. The sequences were assembled with the use of CLC work bench (QIAGEN 

Bioinformatics). Resistance genes were searched for by using ResFinder.  

 

2.2.5 in-situ MLST 

To understand the relatedness of the samples, an in-situ MLST was performed by comparing 

the MLST regions from the extracted sequence data to the MLST database of the Institute 

Pasteur.  
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3. Results 

3.1 Antimicrobial Resistance 

 

3.1.1 Resistance Proportions 

Of each of the 55 Swedish Dairy Farms that were involved in this project, 10 samples were 

collected: 5x calves, 1x manure drainage, 1x manure well, 1x bird droppings, 1x rodents, 1x 

flies. Due to several reasons, including that some farms did not have any calves in the right age 

or that no bird droppings or fecal material of rodents were found, there were in total 512 samples 

analyzed. Among these samples 259 samples were from calves, 54 samples were from manure 

drainages, 54 samples were from manure wells, 49 samples were from birds, 50 samples were 

from rodents and 46 samples were from flies. Out of the 512 original samples it was possible 

to isolate 481 pure E.coli cultures from the petrifilms that were inoculated without antibiotics. 

These 481 pure cultures were used for further analyses. From the petrifilms that were inoculated 

with nalidixic acid and with tetracycline 328 pure E.coli cultures and 176 pure E.coli cultures 

were possible to isolate (at least one proper colony was growing, using at least the undiluted 

sample). 

The colonies on the petrifilms were counted and the number of cfu/mL in the original sample 

was calculated. These numbers were very different in all the 481 samples and range from 0 

cfu/mL to 2x109 cfu/mL. The median cfu/mL was 2x104 cfu/mL. Dividing the cfu/mL from the 

sample incubated with an antibiotic (Nal, Tc) with the cfu/mL from the sample incubated 

without antibiotics, a proportion of how much E.coli in the original sample was tetracycline or 

quinolone resistant was calculated. The proportions were given in % and range from 0% to 

18000% for tetracycline and 0% to 2700% for nalidixic acid. The extremely high percentages 

occurred due to a low number of cfu/mL and are not considered reliable. Samples with a cfu/mL 

higher than 104 were considered reliable. 

The average proportion of tetracycline-resistant and quinolone-resistant E.coli was 0.06% and 

0% respectively. Those low median values occurred because 398 samples were completely 

negative for quinolone-resistant E.coli and 251 samples were completely negative for 

tetracycline-resistant E.coli. Furthermore 49 samples had a proportion of quinolone-resistant 

E.coli below 1% and 79 samples had a proportion of tetracycline-resistant E.coli below 1%. 

Therefore out of 481 samples 447 samples had a proportion of quinolone-resistant E.coli below 

1% and 330 samples had a proportion of tetracycline-resistant E.coli below 1% (Table 2). 

 
Table 2: Proportion of tetracycline- and quinolone-resistant E.coli 

Total # of samples 

 

481 

# of samples with <1% quinolone-resistant 

E.coli (mean %) 

447 (0.06%) 

# of samples with <1% tetracycline-

resistant E.coli (mean %) 

330 (0%) 

 

3.1.2 VetMIC Analysis 

All 481 pure E.coli cultures were used for the VetMIC analysis to determine the MICs for 14 

different antibiotic classes: Ampicillin, Cefotaxime, Ceftazidime, Chloramphenicol, 

Ciprofloxacin, Colistin, Florfenicol, Gentamicin, Nalidixic acid, Streptomycin, 

Sulfamethoxazole, Tetracycline, Trimethoprim and Kanamycin. Epidemiological Cut-off 

(ECOFF) values were taken from EUCAST and used to determine if a strain was resistant or 
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sensitive towards a certain drug. For example, the cut-off value for Ampicillin is 8mg/L for 

E.coli, which means that a strain with a MIC of 8mg/L or less is sensitive towards Ampicillin, 

while a strain with a MIC of more than 8mg/L is considered resistant towards Ampicillin. In 

the following table the antibiotic classes, the concentrations of the antibiotics that were used, 

the ECOFF values and the number of samples that were found to have a certain MIC were listed 

(Table 3).   

 

 

Taking all 481 samples into account, the antibiotic towards which the highest percentage of 

isolates were resistant to was Streptomycin with 27.4%. A high number of isolates was also 

resistant to Sulfamethoxazole, Tetracycline and Ampicillin with 24.7%, 18.1% and 17.9% 

respectively. The antibiotic towards which the lowest percentage of isolates were resistant to 

was Florfenicol with 0.2% (Fig.5).  

 

 
Figure 5: Amount of resistant E.coli strains that were isolated from calves, rodents, birds, manure wells and 

manure drainages at 55 Swedish dairy farms to 14 different antibiotics; n(total)=481 
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Table 3: VetMIC results with Cut-off values and resistance %; the numbers in the orange cells are the 

concentrations of antibiotics [mg/L]; the blue highlighted cells represent the concentrations that were used in 

the panel; the thick lines in between the blue cells are the ECOFF values; the numbers in the blue cells are the 

amount of strains that had this specific MIC value 
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40.7% of all samples were resistant to at least one of the tested antibiotic drugs, among which 

63.3% were even resistant to three or more test antibiotic classes. Approximately half of the 

isolates from calves, rodents and flies were resistant to at least one antibiotic class, among 

which approximately 65-68% were even resistant to three or more antibiotic classes. For rodent 

samples, 21.1% were even resistant to more than 8 different antibiotic classes. On the other 

hand, regarding the manure drainage, manure well and bird samples only approximately 30% 

were resistant to at least one antibiotic class (Fig.6). One E.coli strain that was isolated from a 

manure drainage sample was resistant to 10 out of those 14 tested antibiotic classes and was 

only sensitive towards Tetracycline, Florfenicol, Chloramphenicol and Kanamycin.  

 

 

 
Figure 6: The amount of E.coli strains, that were isolated from calves, rodents, birds, manure wells and manure 

drainages from 55 Swedish dairy famrs, that are resistant to none, at least 1, at least 3 or more than 8 antibiotic 

classes 

 

Separating the results accordingly to their sample type (calves, manure drainages, manure wells, 

birds, rodents, flies) gives however a completely different picture of resistance patterns. A high 

number of calves’ samples for example are resistant to nalidixic acid and cefotaxime, while 

none of the other samples types show high resistances towards those drugs. Colistin-resistant 

strains are on the other hand much more commonly found among bird and flies samples (Fig. 

7). 
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Figure 7: Resistance patterns from isolated E.coli strains found among different hosts (calves, manure drainage, 

manure well, birds, flies, rodents) from 55 Swedish dairy farms 

Looking at the amount of resistant strains towards the different antibiotics of the manure 

drainage and manure well samples, one can see a similar pattern to the pattern for all samples 

together. The antibiotics towards which the highest amount of strains was resistant to were 

Streptomycin (13%, 16.3%), Sulfamethoxazole (11.1%, 20.4%), Tetracycline (13%, 14.3%) 

and Ampicillin (9.3%, 14.3%), while the least strains were resistant to Florfenicol (0%, 0%). In 

most cases the amount of resistant strains was higher for the manure well samples than for the 

manure drainage samples, e.g. for Streptomycin: 13% of the strains of the manure drainage 

samples and 16.3% of the manure well samples were resistant to Streptomycin (Fig.8).  

Figure 8: Amount of resistant E.coli strains towards different antibiotic classes from manure drainage and manure 

well samples from 55 Swedish dairy farms; n(drainage)=54, n(well)=49 
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Looking at the resistance patterns of the calves’ samples only, however, showed a completely 

different picture. Even though a high number of samples was also resistant towards 

Streptomycin, the amount of resistant strains to Sulfamethoxazole, Tetracycline and Ampicillin 

was rather low (0.4%, 1.9%, 3.5% respectively). The number of samples that were resistant to 

Nalidixic acid, Cefotaxime and Chloramphenicol on the other hand was high with 35.3%, 

31.4% and 21.7% respectively. In contrast to the manure drainage and manure well samples, 

some of the strains of the calf samples were resistant to Florfenicol (6.6%). The antibiotic 

classes towards which the least strains were resistant to were Trimethoprim, Sulfamethoxazole 

and Ciprofloxacin with 0%, 0.4% and 0.4% respectively (Fig.9).  

 

 

 
Figure 9: Amount of resistant E.coli strains towards different antibiotic classes, that were isolated from calf 

samples from 55 Swedish farms; n(calves)=258 

 

The resistance patterns of the bird samples show a different picture as well. In contrast to the 

manure drainage, manure well and calves’ samples is the amount of streptomycin-resistant 

strains rather low with 6.5%. The antibiotics towards which the highest number of strains were 

resistant to were Ampicillin, Kanamycin, Colistin, Trimethoprim and Ceftazidime with 13%, 

17.4%, 17.4%, 10.9% and 10.9% respectively. None of the strains were resistant towards 

Florfenicol and Chloramphenicol (Fig.10). 
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Figure 10: Amount of resistant E.coli strains towards different antibiotic classes, that were isolated from bird 

samples from 55 Swedish dairy farms; n(birds)=46 

 

The rodent samples were the samples with the highest percentage of streptomycin-resistant 

strains (36.8%). Also, a high number of resistant strains were found towards Sulfamethoxazole, 

Tetracycline, Colistin and Ceftazidime (31.6%, 18.4%, 18.4% and 15.8% respectively). Only 

one strain was found to be florfenicol-resistant, while none were chloramphenicol-resistant 

(Fig.11). 

 

 
Figure 11: Amount of resistant E.coli strains towards different antibiotic classes, that were isolated from rodent 

samples from 55 Swedish dairy farms; n(rodents)=38 
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, ampicillin- and trimethoprim-resistant (25%, 19.4%, 19.4%, 25%, 19.4% respectively). No 

gentamycin- or florfenicol-resistant strains were found (Fig.12). 

 
Figure 12: Amount of resistant E.coli strains towards different antibiotic classes, that were isolated from fly 

samples from 55 Swedish dairy farms; n(flies)=36 
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strains were from flies. Even though the strains were believed to be E.coli strains due to their 
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further confirmed by MALDI-TOF, because colistin-resistance is thought to be low. 22 isolates 

were positively confirmed to be E.coli. The other 20 isolates were either contaminated or not 

able to be identified by MALDI-TOF.  
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483 samples were screened for ESBL-producing E.coli by plating them on the selective and 

differential C3G ChromAgar plates. Even though a lot of samples had colonies growing on the 

plates, only 17 samples were identified to be E.coli (by indole test and MALDI TOF). Among 

those 17 isolates, 6 were taken from calves, 4 were taken from manure drainages, 2 were taken 

from manure wells, 3 were taken from birds and 2 were taken from flies.  

 

3.2.2 by VetMIC 

All 17 isolates were phenotypically analyzed be VetMIC, to identify the MICs towards the 14 

different antibiotic classes. All except one isolate showed resistance towards Ampicillin, 
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and Sulfamethoxazole. Another sample showed additionally resistance towards Streptomycin, 

Sulfamethoxazole and Trimethoprim (Table 4). 

 
Table 4: VetMIC analysis results of the 17 ESBL-producing E.coli isolates; Am=Ampicillin, Ci=Ciprofloxacin, 

Nal=Nalidixic Acid, Gm=Gentamycin, Sm=Streptomycin, Tc=Tetracycline, Ff=Florfenicol, Cs=Colistin, 

Su=Sulfamethoxazole, Tm=Trimethoprim, Cm=Chloramphenicol, Km=Kanamycin, Ctx=Cefotaxime, 

Caz=Ceftazidime; the first column indicates the sample ID (farm number.sample type) 

 
 

3.2.3 by WGS 

All 17 isolates that were identified as ESBL-producing E.coli were then sent for whole-genome-

sequencing. The sequences were assembled by CLC workbench and run through the ResFinder 

database. Only one of the 17 isolates had a true ESBL-gene (TEM-1B) and another beta-

lactamase gene, which had about 70% identity with other ESBL-genes such as ACT-5 or CMY 

genes. All other 16 isolates had chromosomal AmpC genes that caused the ESBL phenotype 

on the ChromAgar and on the VetMIC. This was found by using ResFinder and investigating 

the corresponding config of the gene with CLC work bench. The corresponding configuration 

was much longer than a config of a plasmid, therefore it was assumed that the AmpC gene lays 

in the chromosome.  

Furthermore, all isolates had a tetracycline-resistance-like gene in their genome. It was 75% 

identical to tet34. Phenotypically however none of the samples showed tetracycline resistance 

on the VetMIC. 

The one isolate that had a true ESBL-gene in its genome also had an aminoglycoside-resistance 

gene (strA), a sulphonamide-resistance gene (sul2) and a trimethoprim-resistance gene (dfrA5). 

This result matched with the result of the VetMIC analysis (Table 3, number 37.4). The isolate 

that showed resistance towards Colistin and Sulfamethoxazole on the VetMIC did not have any 

further resistance genes beside the tet34 found in its genome using ResFinder.   

 

3.2.3 in-situ MLST 

To understand the relatedness between the isolates of different hosts and from different farm, 

the WGSs were used for in-situ MLST.  

Isolates from the same farm and in two cases from a farm nearby (farm number 14 and 15, and 

23 and 24) had the same MLST. Isolates from further away farms had differences in their MLST 

type in at least 3 loci (Table 5). All analyzed isolates from farm number 14 and 15 and from 

Sample type Am Ci Nal Gm Sm Tc Ff Cs Su Tm Cm Km Ctx Caz

11.3 Calf 4 0,03 2 0,5 4 2 <4 1 16 0,5 4 <8 0,12 <0,25

14.1 Calf 128 0,06 4 1 4 2 8 <0,5 16 0,25 8 <8 1 2

14.4 Calf 64 0,06 4 0,5 8 2 8 <0,5 16 0,25 8 <8 1 4

14.5 Calf 128 0,06 2 1 16 2 8 <0,5 16 0,25 8 <8 1 4

14.6 Drainage 128 0,06 4 1 8 2 8 <0,5 16 0,25 8 <8 1 4

14.7 Well 128 0,06 4 1 4 2 8 <0,5 16 0,25 8 <8 0,5 4

14.8 Birds 128 0,06 4 1 8 2 8 <0,5 16 0,25 8 <8 0,5 4

14.9 Flies 128 0,06 4 0,5 8 2 8 <0,5 32 0,25 8 <8 0,5 2

15.6 Drainage 64 0,06 4 0,5 8 2 8 <0,5 32 0,25 8 <8 1 4

15.8 Birds 64 0,06 4 0,5 8 2 8 <0,5 32 0,25 8 <8 1 4

15.9 Flies 128 0,06 4 0,5 8 2 8 <0,5 16 0,25 8 <8 1 4

23.8 Birds 64 0,06 4 1 4 2 8 <0,5 <8 0,5 8 <8 2 4

25.4 Calf 64 0,06 4 0,5 8 <1 8 <0,5 <8 0,25 8 <8 2 8

25.6 Drainage 128 0,06 4 0,5 4 4 8 >4 128 2 8 <8 2 4

37.4 Calf >128 0,03 4 1 128 4 8 <0,5 >1024 >16 8 <8 0,5 4

52.6 Drainage 64 0,06 4 0,5 4 2 8 <0,5 <8 0,5 8 <8 0,5 2

52.7 Well 64 0,06 4 0,5 4 2 8 <0,5 <8 0,5 8 <8 0,5 2
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farm number 23 and 25, were found to have the same MLST. Farm number 14 and 15 are only 

15km from each other apart, while farm number 23 and 25 are even in the same town.   

 
Table 5: in-situ MLST results of the 17 ESBL-producing E.coli isolates that were sent from WGS; the first column 

indicates the sample ID (farm number.sample type) 

  
Sample 
type icdA trpA trpB uidA pabB polB dinB putB MLST 

11.3 Calf 5 7 2 4 3 99 6 6 no exact match 

14.1 Calf 3 1 4 5 4 10 5 6 no exact match 

14.4 Calf 3 1 4 5 4 10 5 6 no exact match 

14.5 Calf 3 1 4 5 4 10 5 6 no exact match 

14.6 Drainage  3 1 4 5 4 10 5 6 no exact match 

14.7 Well  3 1 4 5 4 10 5 6 no exact match 

14.8 Birds 3 1 4 5 4 10 5 6 no exact match 

14.9 Flies 3 1 4 5 4 10 5 6 no exact match 

15.6 Drainage  3 1 4 5 4 10 5 6 no exact match 

15.8 Birds 3 1 4 5 4 10 5 6 no exact match 

15.9 Flies 3 1 4 5 4 10 5 6 no exact match 

23.8 Birds 47 7 4 50 3 26 5 71 no exact match 

25.4 Calf 47 7 4 50 3 26 5 71 no exact match 

25.6 Drainage  47 7 4 50 3 26 5 71 no exact match 

37.4 Calf 32 8 2 2 18 2 7 5 24 

52.6 Drainage  47 1 4 2 4 10 5 26 357 

52.7 Well  47 1 4 2 4 10 5 26 357 

 

 

4. Discussion 
Antimicrobial Resistance is a major health problem world-wide and makes it difficult to treat 

infections properly, that were easily treatable with antibiotic before (1). Due to the increasing 

resistances millions of people get infected and thousands of people die each year as a result of 

infections with antibiotic-resistant bacteria. Just in the USA for example more than 2 million 

people get infected with antibiotic-resistant bacteria and at least 23000 people die of those 

infections each year (34). 

Antibiotic resistance increased over the past years rapidly due to an overuse, misuse and abuse 

of antibiotics for humans and animals (35). This includes antibiotic used as therapy, prophylaxis 

and growth promoters in animals. In 1986 the EU and many other countries around the world 

started banning the use of antibiotics for growth promotional reasons, however the amount of 

antibiotics used for animals since then is still high (25). In the UK for example were 400 tons 

of antibiotics used between 2006-2011, which is far more than the amount of antibiotics used 

in human medicine (25). Therefore, farm animals and agriculture may be hubs, where resistance 

accumulates and spreads. Cows are considered to harbor less resistant bacteria than any other 

livestock animals. Calves however can have high numbers of resistant bacteria in their intestinal 

tract (36). Therefore, this study was designed to understand what the present situation of 

antimicrobial resistance at Swedish Dairy Farms is and if and how resistant bacteria spread 

between different hosts such as calves, birds and flies at one farm and in between farms.  
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4.1 Antimicrobial Resistance 

 

4.1.1 Antimicrobial Resistance Prevalence 

The results seen in this project show, that high numbers of isolated E.coli show some kind of 

resistant behavior. Taking all samples into account, 40.7% showed resistance to at least one of 

the tested antibiotic drugs, among which 63.3% were even resistant to three or more test 

antibiotic drug classes.  

The antibiotic class with the most resistance in the samples was Streptomycin. Streptomycin in 

combination with benzylpenicillin is an antibiotic that is most commonly given to cows in cases 

of an infection in Sweden (24). Therefore, it is not surprising that streptomycin-resistance was 

found to be the most common resistance among those samples taken from dairy farms in 

Sweden with 27.4%. Also, ampicillin-resistance was found in a large number of samples 

(17.9%). However, all calf samples were taken from calves that were never treated with any 

antibiotics yet. Therefore, they should have never come in contact with antibiotics or antibiotic 

residues yet and the high number of resistant strains is hard to explain. Possibly, remaining 

resistant bacteria from earlier antibiotic treatments in older cows on the farm or in the farm 

environment could contribute (36). 

Furthermore, even though 21.7% of the isolated strains were streptomycin-resistant, a similar 

proportion of strains were resistant to Nalidixic Acid, Cefotaxime and Chloramphenicol 

(35.3%, 31.4%, 21.7%). Neither of those drugs are frequently used at dairy farms in Sweden 

and therefore further studies need to be done to understand where those resistant bacteria come 

from or how those resistance genes were transferred to intestinal bacteria of the calves.  

 

4.1.2 Enrichment from Manure Drainage to Manure Well 

The results from the manure drainage and manure well samples are interesting in several 

aspects.  

Comparing the findings from the calf samples to the manure drainage and manure well, it was 

seen that the highest number of calf isolates were resistant to nalidixic acid, cefotaxime, 

chloramphenicol and streptomycin, while the highest number of manure drainage and manure 

well isolates were resistant to streptomycin, sulfamethoxazole, tetracycline and ampicillin. 

Those difference could be explained as following: the manure drainage and manure well contain 

mainly manure from cows and calves and less from other farm animals (if any). If it would be 

assumed that the bacteria from calves and cows would have the same resistance patterns, it 

would also be assumed that the isolates from the manure drainage and manure well would have 

similar patterns to the calves as well. However, no samples were taken from cows. Therefore, 

we do not know how much those samples would have differed to the one from the calves and 

how much they would have contributed to the resistance pattern difference between the calves 

and the manure drainage and well samples. The higher amount of ampicillin-resistant strains 

found in the manure drainage and manure well compared to the calf isolates could indicate that 

bacteria from cows that might be more resistant to ampicillin, did contribute to the resistance 

patterns of the manure drainage in a high amount.  

Not only the type of resistances was different, but also the total amount of resistant bacteria. 

While 44.6% of the calf samples were resistant to at least one antibiotic class, only 25.9% and 

28.6% of the manure drainage and manure well isolates were resistant to at least one antibiotic 

class. Since these numbers of the manure drainage and manure well samples are fairly similar 

and just a slight increase is seen from the manure drainage to the manure well samples, it is 

more surprising that the numbers of resistant strains to almost all tested antibiotic classes 

increased from the manure drainage to the manure well samples, such as for sulfamethoxazole-
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resistant E.coli from 11.1% to 20.4%. On the one hand this increase could be because the 

manure in the well might be a perfect melting pot for resistance due to the long period of time 

that they stay in the manure well, compared to the drainage. Several different bacterial species 

from different individuals and animals end up here and could possibly exchange genetic 

material by HGT for example (16). On the other hand, no selective pressure exists that would 

select for resistance and the growth conditions are sub-optimal for E.coli. These factors might 

however not play a big role in the enrichment of resistant bacteria from the manure drainage to 

the manure well. 

Not only the numbers of certain antibiotic-resistant bacteria but also of multi-resistant isolates 

increased (11.1% → 18.4%). This would mean that the manure well set-up somehow enriches 

for multi-resistant bacteria.  Since the manure from the well is frequently used as fertilizing 

material on the fields, this finding is of high importance, because those multi-resistant bacteria 

that were enriched in the manure well would end up in the environment and in the soil (37). 

Larger studies with WGS would be needed to confirm these results and take required steps to 

reduce the possibility of releasing multi-resistant bacteria into the environment.   

 

 

4.1.3 Prevalence and transmission of multi-resistant strains 

One third of all isolates was resistant to three or more antibiotic classes. The official definition 

from the ECDC for multi-resistant bacteria is that the bacteria is resistant to at least one 

antimicrobial agent in three distinct antimicrobial drug classes (18). This means that one third 

of the isolates was multi-resistant. An infection with such bacteria is difficult to treat as several 

commonly used antibiotic classes are useless in those cases. A possible explanation of such a 

high amount of multi-resistant isolates could be, that the resistance genes might be stored on 

resistance-carrying plasmid (38). Such a plasmid usually carries several different resistance 

genes beside other genes. If a selective pressure exists, for example the presence of a certain 

antibiotic, bacteria that carry those resistance-plasmids are selected. Since they carry not only 

the resistance gene towards that particular drug, but towards several, the selective pressure 

selects for multi-resistant bacteria. However, bacteria with these plasmids can also be selected 

due to other environmental selective pressures, such as presence of heavy metals (39). 

Resistance plasmids are often co-selected as they can also carry heavy metal resistance genes 

such as for example mercury-resistance-genes. In presence of mercury, such a plasmid would 

be selected without any antibiotic presence at all. However, since there was no known drug 

pressure at those farms, a spread by plasmids would not be a complete explanation. On the other 

hand, there are studies that have shown, that resistance plasmids can be selected for at very low 

concentrations of contaminants (40). Another possible explanation for the high amount of 

multi-resistant isolates could be due to clonal spread. This is likely, since the MLST analysis 

of 17 strains showed that isolates form the same farm and nearby farms were clonal. The sample 

size was however rather small reliable conclusions cannot be draw. A combination of clonal 

spread and transmission of resistance-carrying plasmids would be the most likely explanation, 

but further epidemiological investigations are needed with a larger sample size.  

 

4.1.4 Transmission between hosts of (Colistin-) resistant strains 

The high number of colistin-resistant E.coli strains that were isolated was an interesting finding 

as well. In the most recent ‘Swedish Veterinary Antimicrobial Resistance Monitoring’ 

(SVARM) report from 2016, it is said that Colistin is under special authorization and only given 

to pigs as oral treatment of weaning diarrhea (24). Dairy cow and calves do not get colistin in 

any case. No colistin-resistant strain has been isolated from any animal in Sweden so far and 
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only 6 human cases were reported. Finding a total number of 22 colistin-resistant E.coli isolates 

among the 481 isolated E.coli strains in this study was therefore unexpected, since colistin is 

never used at dairy farms. One possible explanation could be that the birds and rodents that 

were found to have colistin-resistant E.coli, might have migrated and picked up antibiotic 

residues or antibiotic-resistant bacteria from other places than those farms and transmit them to 

the calves and cows at the dairy farm. However, the results from the VetMIC analysis showed 

that isolates from birds, rodents and calves had different resistance patterns, which would mean 

that a transmission between those hosts seem rather unlikely. In same farms however, the 

isolates of those different hosts were resistant to the same antibiotic classes and it looked like 

transmission between the hosts would be possible. These controversial results need further 

investigations with a larger number of samples and potentially a large number of whole-

genome-sequenced isolates to fully understand the relatedness of those strains and their 

transmission.  

 

4.2 ESBL-producing E.coli 

During the second project part, the same samples were screened for ESBL-producing E.coli 

and a total number of 17 isolates were identified to be ESBL-producing E.coli accordingly to 

the growth on the selective and differential C3G ChromAgar plate, the positive indole test, the 

confirmatory MALDI-TOF and the VetMIC analysis. However, since 16 out of those 17 

samples turned out to have a chromosomal AmpC gene, instead of a true ESBL gene, the 

different approaches of ESBL screening could have been used. A multiplex PCR that screens 

for ESBL-genes such as CTX-M, TEM and plasmid-AmpC is for example an approach that 

allows the identification of ESBL-genes on a genetic level without sequencing. It is a cheap 

alternative; however, it is laborious and does not give information about other resistance gene 

or other interesting regions within the genome. It also does not give an information about the 

clonal type and cannot be used for understanding transmission routes. Another approach could 

be the use of a phenotypical screening by plating the strain on Müller-Hilton agar plates and 

adding antibiotic discs. By measuring the inhibitory zone, one could differentiate between 

strains that carry true ESBL and plasmid-mediated AmpC genes from strains that carry 

chromosomal AmpC genes.  

In total only one out of 483 samples was an ESBL-producing E.coli, which is a prevalence of 

0.2%. This result is similar to results from the Svarm-report of 2016. Svarm actively screens 

healthy farm animals by using samples collected at slaughter for ESBL-producing E. coli since 

2008 (24). Since then only 95 and 5 ESBL-producing E.coli strains were found in calves and 

cattle respectively. This equals 0-1% of all samples that were screened. Intestinal and meat 

samples were included in this report. Looking at other countries in the world, the prevalences 

are however much higher with 13.7% in Switzerland and 32.8% in Germany for example 

(41,42). These results, together with the results obtained from this project, lead to an assumption 

that ESBL-producing E.coli is not common at dairy farms in Sweden and no further actions 

need to be taken in order to reduce this issue in this country, however surveillance should be 

continued to assure that the prevalence does not increase significantly. 

 

5. Future Work 
This project gave a great amount of information about the situation regarding antimicrobial 

resistance at Swedish dairy farms. Many interesting findings could be further investigated to 

gather valuable results and create a bigger picture about antimicrobial resistance at Swedish 

dairy farms and their transmission route. For this, four different projects are possible: 
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• An epidemiological study of how resistance gene spread within and in between farms, 

including the transmission in between different hosts (calves, rodents, birds, flies, 

environment). For this a larger sample size would be preferred, with a large number of 

samples being WGS. Not only could potential resistance gene be identified, but also the 

relatedness of the strains could be seen. Also, the origin and transmission of multi-

resistant bacteria could hereby be analyzed. 

• The potential enrichment process of resistant bacteria from the manure drainage to the 

manure well could be investigated in another project. Which factors in the well are 

responsible for such enrichment in an environment that is suboptimal for the growth of 

intestinal bacteria? 

• The 22 identified colistin-resistant E.coli strains need to be run on a mcr-PCR or WGS 

to confirm their colistin-resistance on a genomic level.  

• Surveillance of ESBL-producing E.coli at Swedish dairy farms should be continued to 

ensure that the prevalence is kept as low as it is right now. 

 

6. Conclusion 
40.7% of all isolates were resistant to at least one tested antibiotic class. This number differs in 

between samples types and range from 25.9% in manure drainage isolates to 52.8% in flies’ 

isolates. Among those 40.7%, 63.3% were multi-resistant. Not only the number of resistant 

isolates found from different sample types differed, but also the antibiotic classes to which those 

samples were most resistant to. Calves samples were for example more resistant to nalidixic 

acid, while flies samples were more resistant to colistin. The antibiotic towards the highest 

number of samples was resistant to was Streptomycin, a drug that is commonly used at dairy 

farms.  

Comparing the amount of resistant strains from the manure drainage and manure well samples, 

it was seen that the well somehow enriches for resistant bacteria.  

Furthermore, 22 colistin-resistant isolates were found, which are the first ones isolated from an 

animal in Sweden and therefore further characterization of those strains is needed.  

Only one ESBL-producing E.coli was found, which goes along with previous studies and 

surveillance results.  

Even though the different sample types show different resistance patterns, WGS results show 

that transmission between different host is possible. These controversial findings need to be 

analyzed further to get a clear picture about the transmission routes of resistant bacteria at dairy 

farms.   

All these results and findings show that antimicrobial resistance is present at Swedish Dairy 

Farms in high numbers and the usage of antimicrobials needs to be monitored even more.  
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