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Introduction 

The unique ability of bacteria to develop resistance mechanisms to antim-
icrobial agents has, from a human health perspective, assumed catastrophic 
proportions, rendering more and more infections that are difficult or impos-
sible to treat (Cohen 1992; Levy and Marshall 2004). Effective antibiotics 
are a prerequisite for further development of modern healthcare and are al-
ready necessary to successfully manage prosthetic limb surgery, treat haema-
tological malignancies and other immunosuppressive conditions. Antibiotics 
are used to treat or prevent infections in animals and humans. In the agricul-
ture setting they are also used as growth promoters for food-producing ani-
mals, to prevent infection in fruit trees and in aquaculture. Most reports sug-
gest that the main force behind emergence of drug resistance is the use, mis-
use, and abuse of antimicrobial agents during the past decades, but there is 
also evidence that epidemic spread of drug-resistant bacteria could be a con-
tributing factor (Livermore 2003). In deed, the rate of antibiotic resistance 
emergence is related to the total consumption of antibiotics, regardless 
whether adequately used or not. The last decades of antibiotic resistance 
emergence started after the introduction of industrially produced antibiotics, 
and thus there is a correlation between the antibiotic pressure and the emer-
gence of resistance. However antibiotic-resistant bacteria have been found in 
hosts and environments apparently free from any antibiotic pressure imposed 
by man (Caprioli, Donelli et al. 1991; Gilliver, Bennett et al. 1999; Souza, 
Rocha et al. 1999).  

Most research on the epidemiology of antibiotic resistance dissemination 
have focused on human and veterinary medicine, but there is an increasing 
interest to understand how bacterial resistance is transferred within reser-
voirs in natural environments (Allen, Donato et al. 2010). For example, the 
United Nations state in their System-wide Earthwatch that research into how 
dispersal of antibiotics affects the natural bacterial community in non-
clinical settings is essential and urgent. This makes perfect sense from a 
human perspective: once present in the environment, resistant bacteria could 
easily find its way into the human population.  

During my PhD studies, I have investigated the presence of antibiotic resis-
tance in wild birds, since I think that wild birds could be an important tool to 
understand the presence, dynamics and dispersal of antibiotics resistance in 
natural environments. Due to their diversity in migratory patterns and eco-
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logical niches, and their ease in picking up human/environmental bacteria, 
they act as mirrors of human activities. In addition, bird migration provides a 
possible mechanism for the establishment of new endemic foci of disease at 
great distances from where an infection was first acquired (Reed, Meece et 
al. 2003), (Olsen, Duffy et al. 1995). 
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Development of Antibiotic resistance 

The majority of industrially produced antibiotics have their origin in nature. 
Thus both antibiotics and resistance mechanisms developed long before the 
clinical use of antibiotics started in the 20th century. As a consequence many 
environmental microorganisms have natural antibiotic mechanisms. The 
degree of naturally occurring resistance mechanisms varies a lot between 
bacterial species. Pseudomonas and certain Streptomyces strains show high 
intrinsic resistance to a number of antibiotics, whereas other bacterial species 
normally are highly susceptible to antibiotics, such as group A streptococci. 
(Normark and Normark 2002).  

The now emerging problem with antibiotic resistance, from a clinical per-
spective, is mainly the acquired antibiotic resistance in human and animal 
associated pathogenic and commensal bacteria. Bacteria can acquire antibi-
otic resistance in two different ways, either through mutations or through 
horizontal gene transfer (Normark and Normark 2002). Horizontal gene 
transfer has been shown to be the main mechanism for acquired antibiotic 
resistance in Enterobacteriaceae, chiefly mediated through conjugation 
(Barlow 2009). Plasmids are most often involved in the conjugation process. 
Plasmids consist of DNA located inside the bacteria but separated from 
chromosomal DNA. In conjugative plasmids, genes (e.g. antibiotic resis-
tance genes) are located in gene cassettes within structures called integrons. 
There is a continuous exchange of gene cassettes both within and between 
integrons (Partridge, Tsafnat et al. 2009). Several antibiotic resistance genes, 
as well as genes coding for biocide resistance, can be located within the 
same integron. (Gaze, Abdouslam et al. 2005).  

Extended-Spectrum �-lactamases definition and 
epidemiology 
The term Extended-Spectrum �-lactamases, or ESBL for short, originates 
from 1988 (Jarlier, Nicolas et al. 1988) when researchers defined plasmid-
mediated �-lactamases mediating resistance to extended-spectrum cepha-
losporins excluding those broad-spectrum �-lactamases not affecting cepha-
losporins. The current definition of ESBLs consists of several elements and 
is rather complex (Bush, Jacoby et al. 1995; Giske, Sundsfjord et al. 2009; 
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Bush and Jacoby 2010). The original and strict definition is that ESBLs are 
active site serine Ambler’s class A or class D �-lactamases, which are able to 
hydrolyze oxyimino- � -lactam compounds at a rate that is equal to or higher 
than 10% of that for benzylpenicillin (Ambler 1980; Huovinen, Huovinen et 
al. 1988). Examples of the original and classical ESBLs (eg. functional class 
2be � -lactamases) are CTX-M, TEM- and SHV type ESBLs. The above 
mentioned definition of ESBL is not very practical and not clinically orien-
tated. A new more simple and practical but also wider definition has been 
proposed, which encompasses more classes of acquired �-lactamases includ-
ing carbapanemases (Giske, Sundsfjord et al. 2009).  

In the last decade we have seen a pandemic spread of ESBLs. Enterobac-
teriaceae producing ESBLs started to appear in the 1980s, and has since 
emerged as one of the most significant hospital infections (Gionechetti, 
Zucca et al. 2008). ESBL-producing bacteria, mainly E. coli and Klebsiella 
pneuminiae are rapidly increasing among human isolates and today hundreds 
of different ESBL variants have been described, with the most widespread 
enzyme group being the CTX-M enzymes that have their origin in chromo-
somally located genes of other members of the Enterobacteriaceae family, 
i.e. Kluyvera sp. and others (Bonnet 2004). The first CTX-M was character-
ized in Germany in 1989, but we know now that enzymes with cefotaximas 
properties were found already 1986 in Japan and later it was shown that it 
indeed was identical with CTX-M-3.  

The first endemic spread of CTX-M ESBLs took place in South America 
with community-acquired salmonella strains (Bauernfeind, Casellas et al. 
1992). Today CTX-M has a large geographical distribution (Bonnet 2004). 
In Europe the shift in the prevalence and types of ESBLs occurred around 
2000, when CTX-M ESBLs became the dominating group of ESBLs, with 
much greater penetration into E. coli, and they can now often be found in 
outpatient settings (Livermore, Canton et al. 2007). Earlier, most ESBL-
producing bacteria were nosocomial isolates, often Klebsiella spp. or En-
terobacter spp. from specialist care units, and had mutant TEM- or SHV-
ESBLs. In southern France, non-CTX-M type ESBL accounted for >90 % of 
the ESBLs in a 2002-2003 survey. In this region, CTX-M started to appear 
later but have from 2004 been identified in several hospitals (Livermore, 
Canton et al. 2007). In Sweden CTX-M were dominating among ESBL:s 
found in clinical samples collected in Stockholm between 1999-2002 (Fang, 
Lundberg et al. 2004) and in Russia CTX-M have emerged as the predomi-
nant ESBL typs (mainly of the CTX-M-1 group) in several hospitals located 
in the more populated Ural, Siberia and South Russian regions (Edelstein, 
Pimkin et al. 2003). Since most ESBL-producers are multi-resistant, the 
changing patterns present major therapeutic and infection control challenges 
for the healthcare systems. 
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With the introduction of ESBL genes in the E. coli population there is ob-
viously a great need to study the occurrence of ESBLs in natural environ-
ments, acknowledging the zoonotic and anthroponotic potential of E. coli 
and its abundance in nature. 
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Antibiotic resistance in the natural 
environment  

The “environmental resistome” 
There is a huge microbial community in the environment that has been 
evolving for billion of years. Bacteria found in soil produce and also encoun-
ter, a huge number of antibiotic substances produced by other soil-bacteria. 
The initial finding of antimicrobial substances produced by microorganism 
led to the successful development of clinical antibiotics. The roles of these 
naturally occurring “antibiotics” are more delicate, displaying more func-
tions than only inhibiting the growth of potential competitive microorgan-
isms. For example molecules acting as signals in intermicrobial communica-
tion have subsequently been found to demonstrate antibiotic activity 
(Fajardo and Martinez 2008). Moreover, natural antibiotics in low doses 
have been shown to induce transcriptional changes that are independent of 
stress response pathways (Goh, Yim et al. 2002). A number of antibiotics not 
used or developed as drugs but occurring naturally have been shown to be 
involved in Quorom sensing (cell-to-cell communication), further emphasiz-
ing the heterogeneous role of naturally occurring antibiotics (Fajardo and 
Martinez 2008).  

Virtually all clinically relevant antibiotic resistance genes have been 
found in soil bacteria, even resistance towards the most recently developed 
antibiotics (D'Costa, McGrann et al. 2006). The mechanisms and magnitude 
of mobilization of these resistance genes to human or animal commensal and 
pathogenic bacteria are not well studied. The plethora of intrinsic antibiotic 
resistance genes is however a huge gene pool from which acquired antibiotic 
resistance in clinically important human and animal associated bacteria can 
evolve. 

Genetic reactors 
Baquero and co-workers suggested four genetic principles, or “genetic reac-
tors”, of resistance development (Baquero, Martinez et al. 2008). A genetic 
reactor is a place that facilitates genetic evolution because of high biological 
connectivity, generation of variation and presence of specific selection pres-
sures. The primary reactor is the microbiota, consisting of several hundreds 
of bacterial species in humans and animals that are under the pressure of 
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antibiotics for therapeutic, preventive or growth promoting reasons. The 
second reactor is where human and/or animals are kept together, facilitating 
bacterial exchange, such as long-term care facilities, hospitals and farms. 
The third reactor consists of wastewater and residues originated in the sec-
ond reactor, including sewage treatment plants, rivers and manure where 
bacteria originating from many individuals can mix and exchange genetic 
material. The fourth reactor is the water environment and soil where bacteria 
from the previous reactors mix and genetically interact with bacteria from 
natural environments. Water is important in these reactors, particularly in the 
last one and thus both constitute a way of dissemination of resistance genes 
in the natural environment and acts as an important environment per se for 
resistance development. 

Antibiotics and acquired antibiotic resistance in natural 
environments 
The anthropogenic changes of the environment affect many parts of the 
world and this might enrich the population of resistant bacteria and facilitate 
the transfer of antibiotic-resistant bacteria, and/or resistance genes to human 
pathogens (Martinez 2009). Several studies have shown the presence of bio-
logically active antibiotic residues in human and animal waste and sewage, 
for an overview see (Kummerer 2009). One example is when waste from 
sewage treatment plants originating from hospitals, but also manure, that 
contains both antibiotics and a number of human and animal associated bac-
teria, are spread out on fields as fertilizers. This creates a blend of soil-
bacteria, with all its naturally occurring antibiotic resistance genes and hu-
man/animal commensal bacteria, sometimes even under the pressure of anti-
biotics that still could remain in the sewage/manure. 

Although the role of antibiotics released in nature and the impact of the 
development of antibiotic resistance are far from clear (Kummerer 2009), 
there are several reasons for concern. The environmental contamination of 
quinolones is an example from the aquatic environment. Quinolones are 
poorly degraded and are still active in the environment after release through 
human and animal urine. They are also used extensively in fish and shrimp 
farming in parts of the world. The quinolone resistance gene qnr, is present 
in the chromosomes of waterborne bacteria, where it has a so far unknown 
function (Poirel, Rodriguez-Martinez et al. 2005). However, the qnr gene 
can be integrated in plasmids and thus be transferred to other bacteria. After 
being integrated in plasmids, where it is constitutively expressed, qnr con-
tributes to low-level resistance to quinolones (Martinez-Martinez, Pascual et 
al. 1998). One study highlights the fact that contamination of river waters by 
quinolones may select for plasmid encoded qnr genes present in waterborne 
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bacteria, which may allow a first step in the transfer of this gene to human 
pathogens (Cattoir, Poirel et al. 2008). 

Once present in nature, other substances than the antibiotic itself could fa-
cilitate the presence and dispersal of antibiotic resistance. For instance, 
heavy metal pollution can select for antibiotic resistance (Hernandez, 
Mellado et al. 1998), and stress conditions, as found in polluted environ-
ments, have the potential to increase recombination and horizontal gene 
transfer in a way that favours the dissemination of antibiotic resistance genes 
(Beaber, Hochhut et al. 2004).  

There is also a constant release of antibiotic-resistant human and animal 
commensal and pathogenic bacteria in the environment through wastewater, 
manure etc. Not surprisingly, antibiotic-resistant bacteria have been found in 
the aquatic environment and soil (Kummerer 2004; Kim and Aga 2007). 
This contamination of the environment by already resistant bacteria is be-
lieved to be the most important source of bacteria with acquired antibiotic 
resistance in natural environments (Kummerer 2009). The already resistant 
bacteria could of course be reintroduced to humans directly through the food 
chain, but they could also interact with the environmental bacterial ecosys-
tems. These bacterial communities could serve as reservoirs of clinical im-
portant antibiotic resistance genes.  

Antibiotic resistant bacteria in wild animals with special 
focus on wild birds 
Wild animals has been found to harbour antibiotic-resistant bacteria, some-
times at surprisingly high levels (Gilliver, Bennett et al. 1999). The level of 
resistant bacteria in wild animals seems to correlate well with the degree of 
association with human activity (Skurnik, Ruimy et al. 2006). Studies of the 
occurrence of antibiotic resistance among wild birds have increased during 
the last years and a number of different bird families have now been found to 
harbour antibiotic-resistant bacteria. There are quite a few studies of en-
teropathogenic Salmonella spp. and Campylobacter spp. but also of E. coli. 
Antibiotic-resistant E .coli have been isolated from ducks and geese 
(Tsubokura, Matsumoto et al. 1995; Fallacara, Monahan et al. 2001; Cole, 
Drum et al. 2005; Middleton and Ambrose 2005), cormorants (Dobbin, 
Hariharan et al. 2005; Rose, Gast et al. 2009), birds of prey (Blanco, Lemus 
et al. 2007; Costa, Poeta et al. 2008), gulls (Tsubokura, Matsumoto et al. 
1995; Camarda 2006; Dolejska, Cizek et al. 2007; Gionechetti, Zucca et al. 
2008; Poeta, Radhouani et al. 2008; Dolejska, Bierosova et al. 2009; Rose, 
Gast et al. 2009), doves (Radimersky, Frolkova et al. 2010) and passerines 
(Nakamura, Yoshimura et al. 1982; Livermore, Warner et al. 2001; Literak, 
Vanko et al. 2007; Dolejska, Senk et al. 2008; Blanco, Lemus et al. 2009; 
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Rybarikova, Dolejska et al. 2010). Most of the studies are from bird popula-
tions with relatively frequent interactions with habitat influenced by human 
activities. Examples of contaminated habitats, where the risk for birds ac-
quiring antibiotic-resistant bacteria is greater, include livestock farms man-
aged under intensive regimes, landfills and wastewater treatment facilities 
(Blanco, Lemus et al. 2007; Cizek, Dolejska et al. 2007; Dolejska, Cizek et 
al. 2007). In Spain, livestock carrion is intentionally left for scavengers to 
consume at sites called muladares. Since antibiotics are used intensely in the 
rearing of the livestock, their carcasses can harbour both antibiotics and an-
tibiotic-resistant bacteria that can be passed further on into the food chain 
and to the environment (Blanco, Lemus et al. 2007).  

Red-billed choughs (Pyrrhocorax pyrrhocorax) feed on soil invertebrates 
and pick up antibiotic-resistant bacteria from contaminated manure spread 
on the soil as fertilizer. Choughs from areas where manure land-spreading is 
a common agricultural practice harbour a high bacterial resistance to multi-
ple antibiotics, resembling the resistance profile found in the waste (pig 
slurry and sewage sludge) used in the respective area (Blanco, Lemus et al. 
2009).  

When antibiotic-resistant bacteria colonize birds, the birds can become a 
new environmental reservoir of antibiotic resistance and also a vector that 
disperses these bacteria to new localities. For example, in the Czech Repub-
lic, antibiotic-resistant E. coli and Salmonella occur in the faecal bacteria of 
rooks (Corvus frugilegus), probably reflecting the presence of such isolates 
in their sources of food and/or water in the environment (Literak, Vanko et 
al. 2007). Because most of the rooks wintering in the Czech Republic breed 
in European Russia and winter in the Czech Republic, they have the poten-
tial to disseminate resistant bacteria over long distances throughout Europe, 
for example from Russia to the Czech Republic and vice versa (Literak, 
Vanko et al. 2007). Antibiotic-resistant Salmonella strains have also been 
isolated in Black-headed Gulls (Chroicocephalus ridibundus) just arriving in 
southern Sweden from non-breeding areas in West and Southwest Europe 
(Palmgren, Sellin et al. 1997). 
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Importance of birds and their movements as 
vectors for disease 

Birds are well known vectors for pathogenic microorganisms that could 
cause disease in humans. The importance of birds in the spread and lifecycle 
of e.g. influenza A virus, West Nile virus and Lyme’s disease are well estab-
lished (Olsen, Duffy et al. 1995; Rappole, Derrickson et al. 2000; Horimoto 
and Kawaoka 2001). Birds are also known to be able to harbour enteropa-
thogens as Salmonella spp. and Campylobacter spp. Many bird species un-
dergo considerable migrations, often involving the crossing of continents. 
The phenomenon of bird migration creates the potential for the establish-
ment of new endemic foci of disease along the migration routes. The emer-
gence of the West Nile Virus in the USA is a striking example of how 
quickly a new zoonotic disease can become widely dispersed (Reed, Meece 
et al. 2003). 

The most commonly reported enteropathogen reported from wild birds 
are Salmonella spp. and several routes of (re-)transmission to humans has 
been suggested, e.g., sparrows feeding on birdfeeders or in close relation to 
farms, or gulls feeding on grazing fields (Williams, Richards et al. 1977; 
Hudson, Quist et al. 2000). These and a number of similar routes of trans-
mission are plausible transfer mechanisms of antibiotic-resistant enterobacte-
ria from wild bird to humans.  

To study birds and their movements as possible potential mechanisms for 
dispersal of e.g. antibiotic-resistant bacteria it is important to understand the 
dynamics and complexity of bird movements. For convenience different 
patterns of movements has been divided into six main types (Newton 2008). 

-Routine movements are centred on the place of residence whether on 
breeding ground or a stop-over site, during migration. This includes move-
ments to and from nesting or roosting sites to feeding sites. These move-
ments are normally very localized and common in e.g. many species of gulls. 

-One-Way dispersal movements. After becoming independent, young 
birds typically disperse in various direction from the place were they were 
hatched. Within a population these types of movements typically occur ran-
domly in all directions. 

-Migration in which individuals make regular movements at about the 
same time every year and often to specific destinations. Migration usually 
involves long journeys, often crossing continents in a north-south manner. 
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-Dispersive migration. This includes post-breeding movements in any 
direction (like dispersal) but still involves a return journey (like other migra-
tion). These movements are evident in e.g. altitudinal travels in which moun-
tainous bird species move to lower altitudes during winter. 

-Irruptions are similar to seasonal migration although the proportion of 
birds that leave the breeding range and the distances they travel vary greatly 
from year to year. 

-Nomadism, in which birds move from one area to another wherever 
food is available and breeding if possible. 

 
On a global scale it is easy to understand that migration could be a 

mechanism to establish a new foci or reservoir of antibiotic resistance very 
far from where the antibiotic-resistant bacteria were picked up. In essence, 
every corner of the globe is connected through migrating birds. In this thesis 
this is especially relevant to the studies on remote bird populations in the 
Arctic, Antarctic and the Bering Sea. The routine movements are very evi-
dent in many gull species flying between feeding areas and the breeding 
colony or specially designated dense roosts. 

Apart from the studies in this thesis, bird migration and movements has 
been suggested in the dispersal of antibiotic-resistant Salmonella spp. 
(Palmgren, Sellin et al. 1997), vancomycin resistant enterococci (Sellin, 
Palmgren et al. 2000; Drobni, Bonnedahl et al. 2009), and antibiotic-resistant 
E. coli (Literak, Vanko et al. 2007). 
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Zoonotic potential of Escherichia coli 

Escherichia coli is a well known carrier of different antibiotic resistance 
genes and to understand the dynamic patterns of antibiotic resistance in dif-
ferent environments and host animals it is important to understand the basic 
dynamics of colonization and population structure of E .coli in various envi-
ronments and animals. Perhaps the most obvious zoonotic members of the E. 
coli population are the verocytotoxin-producing strains (VT+), e.g E. coli 
O157. It is now well established that this strain can be transmitted from cat-
tle through beef, unpasturized milk or manure to man, causing hemorrhagic 
gastroenteritis and renal failure (Chapman, Siddons et al. 1993). There are 
also signs that other pathogenic strains of E. coli could have a zoonotic po-
tential between birds and humans. Johnson and coworkers found similar 
traits in a cluster of E. coli causing colibacillosis among birds, and urinary 
tract infection and neonatal meningitis in humans (Johnson, Kuskowski et al. 
2005). Moreover, in a study from the UK, wild gulls were found to carry 
VT+ E. coli O157 (Wallace, Cheasty et al. 1997). 

The first studies that used population genetic approaches on E. coli indi-
cated a clonal population structure with infrequent recombination events 
(Selander and Levin 1980). The Escherichia coli Reference (ECOR) collec-
tion, a subset of 72 E. coli isolates, was chosen to represent the known ge-
netic diversity. The ECOR collection was subdivided in four phylogenetic 
groups; A, B1, B2 and D with later addition of subgroups (Escobar-Paramo, 
Grenet et al. 2004). It has been shown that the distribution of each group 
within different animals is non-randomly distributed (Gordon 2001; Gordon 
and Cowling 2003), and attempts to trace zoonotic origin of E. coli from 
natural sources based on the knowledge of the proportion of the E. coli 
population belonging to each group within a host animal have been made 
(Gordon 2001).  

There are not many studies on inter- or intraspecific population structures 
of E. coli among different animals and humans. First of all, E. coli are not 
found in every vertebrate species. In a study from Australia E. coli were 
detected in 56% of the 1063 mammalian hosts examined (Gordon and 
Cowling 2003). This study showed that the probability of isolating E. coli 
from a specific host animal depended on the climate in which the host lived, 
its diet and body mass. Further, the taxonomic rank (genus, family, species) 
of the host animal was also shown to be an important factor. E. coli are 
unlikely to be isolated from hosts living in the desert, whilst hosts living in 
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the tropics are less likely to harbour E. coli than hosts living in temperate or 
semi-arid environments. E. coli are less likely to be isolated from carnivores 
than herbivores and most likely to be isolated from omnivores. E. coli are 
known to be able to colonize birds but the degree of colonization varies a lot 
between different bird species (Gordon and Cowling 2003). Gordon and 
Cowling found in the same study that the chance of a bird to be colonized by 
E. coli varied with the degree of how close to an environment influenced by 
human activity the bird was sampled. In other words, birds breeding in ur-
banized areas were more prone to carry E. coli than birds living in remote 
areas. This finding alone points towards the fact that E. coli has a zoonotic 
potential. 

Tracing transfer of E. coli between poultry and humans has also been 
done by studying antibiotic-resistant strains. Van der Bogaard and co-
workers (van den Bogaard, London et al. 2001) studied antibiotic-resistant E. 
coli isolates from poultry, farmers and slaughterers. Although the Pulsed 
Field Gel Electrophoresis (PFGE) patterns of the isolates from the different 
populations were quite heterogenous, E. coli with identical PFGE patterns 
were isolated at two farms, from a turkey and the farmer, and also from a 
broiler and a broiler farmer from different farms indicating a direct transfer 
of certain E. coli strains between humans and poultry. 
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Antibiotics and antibiotic resistance in 
veterinary medicine, livestock production, 
plant agriculture and aquaculture 

Antibiotics are widely used in livestock production, agriculture and aquacul-
ture. The global magnitude of the total use is unknown (Kummerer 2009), 
but there are estimates from the USA that the non-therapeutic use of antibi-
otics (for growth promotion) in live stock alone is eight times higher than the 
amount used in human medicine (Mellon, Benbrook et al. 2001). Many of 
the antibiotics used in veterinary medicine belong to the same classes that 
are used in humans, e.g. tetracyclins, quinolones and cephalosporins. The 
use of antibiotics in food animal production has been debated for decades. 
The emergence of vancomycin-resistant enterococci in the 1990s led to an 
increasing awareness of the potential contribution of antibiotic use in ani-
mals to antibiotic resistance emergence in human pathogens. In Europe, this 
led to the removal of antibiotics as growth promoters in 1997-1999.  

Despite the European ban, there is a still ongoing discussion, especially in 
North America, whether a total ban of antibiotics as growth promoters is the 
way to go or not (Turnidge 2004; Collier, Acar et al. 2009). Concerns regard 
animal health, increasing therapeutic use of antibiotics and production costs. 
However, experience from Scandinavian countries, where the ban of growth 
promoters was introduced already in the 1980s, indeed shows favourable 
results with considerable decrease in total antibiotic use, a subsequent de-
crease in antibiotic-resistant bacteria, and a low antibiotic resistance level in 
animal bacterial populations as compared to other countries in the EU 
(Aarestrup, Seyfarth et al. 2001; Bengtsson and Wierup 2006).  

The possible impact on human health from the occurrence of antibiotic 
resistance among food animals can not be emphasized enough. There are 
several possible ways this pool of resistant bacteria could enter the human 
population. Perhaps the most obvious route is by the food itself. Although 
difficult to study, the importance of this route has been shown in several 
studies. A match between human and chicken E. coli isolates in relation to 
ciprofloxacin resistance status was found in Spain (Johnson, Kuskowski et 
al. 2006), and similarities between resistant Salmonella strains in food ani-
mals, ground meat and humans has also been determined (Molbak, Baggesen 
et al. 1999; White, Zhao et al. 2001). 
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Transmission from food animals via animal workers is another estab-
lished route (Levy, FitzGerald et al. 1976; van den Bogaard, London et al. 
2001; Price, Graham et al. 2007; Smith, Male et al. 2009) and of course the 
food animals can contaminate the environment with antibiotic-resistant bac-
teria that eventually will end up in contact with humans, for example through 
groundwater (Chee-Sanford, Aminov et al. 2001). 

The extent of antibiotics used in aqua- and agriculture is believed to be far 
inferior to that of life-stock production (Kummerer 2009). However, espe-
cially the use of antibiotics in aquaculture has raised concern (Cabello 2006) 
and has led to restrictions for e.g. quinolones in many countries, but still 
remain unrestricted in some countries with substantial aquaculture industry 
(Cabello 2004).  
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Antibiotic resistance surveillance 

Phenotypic antibiotic susceptibility testing requires interpretive criteria 
(breakpoints) that will convert the test result (e.g. Minimum Inhibitory Con-
centration (MIC) value or zone diameter) into either a clinical categorisation 
S, I or R (Susceptible, Intermediate or Resistant) or a microbiological cate-
gorisation “wild-type” (devoid of evidence of resistance mechanisms) or 
“non-wild-type” (with evidence of one or more resistance mechanisms).   
The criteria for determining clinical breakpoints are numerous (e.g. MIC 
wild type distributions of target organisms, dosages, indications, pharma-
cokinetics/ pharmcodynamics of the drug, and clinical outcome). For epide-
miological purposes, where all phenotypical detectable resistance is of inter-
est, epidemiological cut-offs (ECOFFs) can be used. The ECOFF is the 
value that separates the “wild-type” from “non-wild-type” as introduced by 
EUCAST (European Committee on Antimicrobial Susceptibility Testing) 
(Kahlmeter, Brown et al. 2003). ECOFFs are determined on the basis of 
large MIC distributions and separate MIC data for wild-type organisms, i.e. 
organisms without phenotypically detectable resistance mechanisms, from 
non-wild-type organisms with acquired resistance. The MIC distributions 
and ECOFFs are freely available at http://www.eucast.org. The ECOFF 
value can be described as the highest MIC value of the wild-type distribu-
tion, and is expressed as WT � X mg/L (Kahlmeter, Brown et al. 2003; 
Turnidge, Kahlmeter et al. 2006). ECOFFs, whether derived from MIC or 
inhibition zone diameter (IZD) distributions clearly have the potential to be 
an important global tool for resistance surveillance.  
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Aims 

The overall aim of this project was to study the presence of clinically impor-
tant antibiotic-resistant bacteria in a natural environmental reservoir. Wild 
birds were chosen not only as indicators of the level of antibiotic resistance 
in surrounding natural bacterial populations, but also since birds can act as 
vectors of several potential pathogens including enteropathogens and be-
cause they by migration have an ability to spread these pathogens across 
geographical regions. In the studies included in this thesis, we have focused 
on the occurrence of antibiotic resistance in the gastrointestinal bacterial 
flora, especially the Enterobacteriace family with special attention to E. coli. 
The genetic, geographical and ecological prerequisites that govern transfer 
and dissemination of antibiotic resistance between humans and wild birds 
were studied.  
 

I have specifically investigated the following topics: 
 

I What is the prevalence, and what is the spectrum of antibiotic resis-
tance in geographically separated bird populations, and how do these 
values correlate with bird migration patterns and human activities? 
(Study I, II, III, IV and V) 

II Characterization and comparison of avian and human E. coli popula-
tions, with focus on antibiotic resistance, especially ESBLs in order 
to study the zoonotic/anthroponotic potential of these resistance 
genes and its producers. (Study III and IV) 

III Comparison of antibiotic susceptibility of wild type E. coli popula-
tions from wild birds and humans by comparing distributions of in-
hibition zone diameters and MIC values for different antibiotics. 
(Study VI) 
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Material and Methods 

Bird populations  

Study I 
In study I we collected 49 cloacal samples from Gentoo penguins (Pygosce-
lis papua) from one of the most remote regions in the world, Antarctica. The 
only human settlements in Antarctica are scientific bases. The sample site, 
Neko Harbour is one of several tourist spots on the Antarctic Peninsula that 
is used by commercial cruises. In the 2001–2002 seasons, 4,233 tourists 
visited Neko Harbour (http://www.iaato.org), but there are no scientific 
bases at the site or in the nearest region. Tourist activity in the Antarctic is 
limited by the Antarctic Treaty, a multilateral treaty which gives special 
attention to reducing human interference with wildlife. Thus, the impact of 
human-associated microbes in this region should be minimal or even negli-
gible (Bonnedahl, Broman et al. 2005). The penguins sampled are highly 
pelagic in the non-breeding season, spending almost all of the time well off-
shore. Penguins are specialized in feeding on crustaceans and fish, making 
interactions with human microbiota even more unlikely. 

Study II and VI 
In Study II and VI bird populations from the Arctic were sampled. During 
the Polar Expedition Beringia 2005, arranged by the Swedish Polar Secre-
tariat, we were able to sample bird populations near Lorino, Novo Chaplino, 
Kolyuchin Bay and Wrangel Island in the Russian Far East. We also sam-
pled birds in Barrow, Alaska and near Thule Air Base, Greenland. The sites 
at Lorino, Kolyuchin Bay and Wrangel were all very remote, and far from 
any human activity. In Novo Chaplino, Barrow and Thule there are human 
settlements, but no hospitals or agricultural activity. 

All sampled bird populations had in common that they were sampled in 
remote areas in the high Arctic. The species composition was heterogeneous 
including waders, cormorants, gulls, and geese. Especially the waders are 
highly migratory, spending their non-breeding season in South East Asia or 
in Southern America.  
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In summary, the bird populations in study I, II and VI were representative 
for bird populations breeding in area with no antibiotic pressure and very 
limited human activities. 

Study III 
In study III we sampled two Yellow-legged Gull (Larus michahellis) colo-
nies in a temperate and heavily populated area in Southern France. France is 
a country with a comparatively high antibiotic consumption, at least in hu-
man medicine (Cars, Molstad et al. 2001). Both gull colonies were situated 
in the Camargue area (Port Saint-Louis Carteau and  Aigues-Mortes) near 
Arles. Yellow-legged gulls often feed and roost in shallow coastal water and 
fields affected by wastewater and manure, leading to a high probability of 
contact with microbiota affected by human activities. However, observations 
from ornithologists in the area have shown that the birds from the colony 
breeding at Port Saint-Louis Carteau mostly feed at the Arles city dump 
while the birds from the colony at Aigues-Mortes mainly feed off-shore, and 
thus the two colonies may differ in their interactions with human activity. 

Study IV 
In study IV we sampled Black-headed Gulls from Sweden, a country with 
comparably low antibiotic consumption (Cars, Molstad et al. 2001). The gull 
colony is situated in the middle of Kalmar, a city with 55,000 inhabitants. 
The gulls are often seen to feed in city squares, near the sewage treatment 
plant and on newly fertilized fields (own observations). The Black-headed 
Gulls in study IV thus represent a population breeding in an area with a 
comparably low antibiotic pressure although breeding in an urban environ-
ment. 

Study V 
In study V we sampled different bird populations on the Commander Islands 
in the Bering Sea and Kamchatka peninsula. The Commander Islands are a 
group of very isolated islands in the Bering Sea approximately 175 km east 
of the Kamchatka peninsula. In this study we sampled a variety of species, 
mainly auks and gulls. Since the islands are isolated and only sparsely popu-
lated (approximately 800 inhabitants) it represents an area with limited hu-
man activity. Like the Arctic areas described in study II and VI, the Com-
mander Islands have bird populations that are migratory and spend their non-
breeding months in more heavily populated areas. Of the bird species sam-
pled on the Commander Islands this applies especially to the Glaucus-
winged Gulls (Larus glaucescens), while the auks and kittiwakes are highly 
pelagic during the non-breeding period, spending the time way offshore. 
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Sampling methods 
The sampling of bird fecal samples was rather straight forward. In these 
studies we have used sterile cotton swabs for cloacal swabbing after catching 
the birds or sometimes collected fresh fecal droppings from the ground 
(Study II and V).  

Human population (IV and VI) 
Human bacterial isolates, comprising all ESBL positive specimens isolated 
at the Kalmar County Hospital (Clinical Microbiology laboratory) during 
2007, were analyzed in study IV. Kalmar County Hospital in South East 
Sweden has a clinical microbiological laboratory serving the 234,000 inhabi-
tants of Kalmar County, Sweden. The number of urinary culture positive for 
E .coli in Kalmar county 2007 were 5,136 and out of these only 27 (0.5%) 
were ESBL-producers.  

Although ESBL-production and species identification were confirmed by 
the clinical laboratory the human samples were regarded as unknown and 
went through a similar procedure as avian samples. Thus, after being sam-
pled, they were plated on chromID™ ESBL plates (bioMérieux), and species 
identity was confirmed. A total of 27 isolates from first-time samplings were 
included. 

In study VI 100 E. coli isolates from blood cultures performed at Växjö 
Hospital (Clinical Microbiology laboratory), Sweden, in 2004–2005 were 
used to compare with the avian E. coli isolates from study II. 

 

Bacterial isolation and general resistance screening  
The 49 cloacal samples from Gentoo penguins (Pygoscelis papua) in study I 
were kept in Amies charcoal medium (Copan, Italy) at 4°C during the trans-
port to the laboratory. The time from sampling to initial culture in the labora-
tory was 18 days. In study III, IV and V the cloacal swabs were first inocu-
lated into bacterial freeze medium (Luria broth; BD, Sparks, USA, phos-
phate buffered saline containing 0.45% Nacitrate, 0.1% MgSO4, 1% 
(NH4)2SO4, and 4,4% glycerol), frozen at -70°C and then transported to the 
laboratory for later examination. In study II and VI isolation of E. coli took 
place directly on an expedition laboratory onboard the Icebreaker Oden. 

Faecal samples were plated on MacConkey plates (Oxoid,Basingstoke, 
UK) in Study I, or Juhlin 32 agar (Melhus 1996) in study II, III, IV, V and 
VI for isolation of putative E. coli isolates. (In study I we isolated all entero-
bacteriace found, mainly Edwardsielle spp. see below). E. coli species iden-
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tity was confirmed by biochemical testing. In study II-VI susceptibility of 
one randomly selected E. coli isolate per sample were tested against a set of 
antibiotic agents selected to represent different antibiotic agents used in hu-
man and veterinary medicine. (In study I, all isolated Enterobacteriace 
strains were tested for antibiotic susceptibility). Resistance was determined 
(study II-VI) by antibiotic disk diffusion on Iso-Sensitest agar (Oxoid, Bas-
ingstoke, UK) in accordance with the recommendations of the Swedish Ref-
erence Group for Antibiotics (SRGA) (Kahlmeter 2007), using E. coli 
ATCC 25922 as a reference strain. In study I, minimal inhibitory concentra-
tion (MIC) determinations for 17 antimicrobial compounds were carried out 
with doubling dilutions of antibiotic on Mueller–Hinton II agar, using 
NCCLS (National Committee for Clinical Laboratory Standards 2001), 
breakpoints were used for all compounds except streptomycin, for which 
�32 mg/l was used as the cut-off value based on previous MIC distribution 
data.  

In study VI normalized resistance interpretation (NRI)-derived cut-off 
levels were used to distinguish the wild type population (without acquired 
resistance) from non-wild-type (with acquired resistance) in the inhibition 
zone diameter distributions from both avian and human isolates. The theory 
behind normalized resistance interpretation method has been described in 
detail by (Kronvall, Kahlmeter et al. 2003). 

Screening for ESBL-producing bacteria (III, IV and V) 
For detection of ESBL producing bacteria in study III, samples were spread 
on MacKonkey agar with two antibiotic discs containing cefotaxime and 
cefpodoxime, respectively. Bacteria growing within the susceptibility zone 
were isolated. Species identity was determined by biochemical testing. Phe-
notypic confirmation of ESBL-production was performed by disc diffusion 
synergy test according to SRGA (Kahlmeter 2007) and cefepime MIC con-
cordant with ESBL production, as well as growth on cefpodoxime contain-
ing ChromIDTM ESBL-plates. 

Possible ESBL-producers were further analysed for presence of CTX-M 
type ESBL enzyme genes (blaCTX-M) by PCR, using a previously described 
method (Pitout, Hossain et al. 2004). 

In study IV and V the ESBL screen were preformed by an initial enrich-
ment of all samples  in brain heart infusion broth (Becton Dickinson, Frank-
lin Lakes, NJ, USA), supplemented with 16 mg/L vancomycin (ICN Bio-
medicals Inc., Aurora, OH, USA), for 18 h at 37°C. Samples were subse-
quently inoculated and cultured overnight at 37°C on chromIDTM ESBL 
plates (bioMe´rieux, Marcy l’Etoile, France), according to the manufac-
turer’s instructions. Colonies were isolated and species identity was con-
firmed by biochemical testing. ESBL production was confirmed with the 
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cefpodoxime/cefpodoxime+clavulanic acid double-disc test (MAST Diag-
nostics, Bootle, UK) and the E-test for cefotaxime, cefepime and cef-
tazidime, before genetic characterization. 

Genetic determination of ESBL variants (III, IV and V) 
Presence of blaCTX-M genotype was detected using a multiplex real-time PCR 
protocol described previously (Birkett, Ludlam et al. 2007), displaying group 
designation (CTX-M-1/-2/-8/25 and -9) of blaCTX-M positive isolates. Positive 
isolates were sequenced using specific primers, described previously (for 
CTX-M-1 (Edelstein, Pimkin et al. 2003), and CTX-M-9 (Bouallegue-
Godet, Ben Salem et al. 2005) using GenScript BacReady Multiplex PCR 
system (GenScript Corporation, Piscataway, NJ). Sequencing was performed 
by Eurofins MWG Operon (Ebersberg, Germany). Presence of blaTEM and 
blaSHV was detected using previously described primers (Pitout, Thomson et 
al. 1998) and a SYBR®Green based real-time PCR protocol. 

PCR-based replicon typing (IV) 
Plasmid replicons were determined for the avian and a subset of the human, 
ESBL-producing isolates in study IV using the PCR-based replicon typing 
described previously (Carattoli, Bertini et al. 2005). As positive controls, 
PCR-positive strains with sequenced PCR-products from the Department of 
Medical Microbiology, Uppsala University Hospital, were used.  

Phenotyping (II and V) 
PheneplateTM system is a phenotyping method that is suitable for epidemiol-
ogical typing of bacterial strains. (Kuhn 1985). The system utilizes the dy-
namics of 11 (or 23) biochemical reactions. Each strain is placed in a spe-
cially designed plate containing a number of wells where the well-specific 
mix of reactants (mainly sugars) is fixed. The plates are than incubated and 
the reactions in the wells are measured with a scanner at specific time points 
during a 48 h incubation period. The type and speed of reaction in each well 
than classifies each strain. 

The PheneplateTM system software is then used to calculate the diversity 
of the studied population and for generation of dendograms. 

The Pheneplate system has been used in several bacterial species, is far 
less time consuming than PFGE (considered as gold standard), but with 
comparable discriminatory power at least in enterococci. (Kuhn, Burman et 
al. 1995). 
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Genotyping (III, IV and V) 

Phylogenetic group assignment (III, IV and V) 
Phylogenetic groups were determined using the triplex PCR method devel-
oped by Clermont et al. (Clermont, Bonacorsi et al. 2000) with the addition 
of subgroups (Escobar-Paramo, Grenet et al. 2004) but with modified PCR 
conditions (Higgins, Hohn et al. 2007), assigning isolates to phylogenetic 
groups A, A0, B1, B2 or D.  

MLST (III) 
Multi Locus Sequencing Typing (MLST) is based on the sequence variation 
of housekeeping genes. We used the most widely applied scheme developed 
by Wirth et al. (Wirth, Falush et al. 2006), using seven housekeeping genes: 
adenylate cyclase (adk), fumarate hydratase (fumC), DNA gyrase (gyrB), 
isocitrate/isopropylmalate dehydrogenase (icd), malate dehydrogenase 
(mdh), adenylosuccinate dehydrogenase (purA) and ATP/GTP binding motif 
(recA). The genes were amplified by PCR and then sequenced. MLST has 
been used to describe, and compare E. coli populations from different hosts 
including birds and humans (Moulin-Schouleur, Reperant et al. 2007). 
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Results 

Study I 
From the 49 Gentoo Penguins sampled, 42 isolates of Enterobacteriace were 
found: 39 isolates belonged to the genus Edwardsiellae, one isolate was an 
E. coli and two were unidentified to genus level. The two unidentified iso-
lates showed 100% 16S rDNA similarity with an uncultured bacterium from 
Zebrafish. All Edwardsiella and the E. coli isolate were highly susceptible to 
the 17 (Ampicillin, Amoxiclav, Piperacillin/Tazobactam, Cephalothin, Cefu-
roxime, Ceftazidime, Cefotaxime, Aztreonam, Imipenem, Nalidixic acid, 
Ciprofloxacin, Gentamicin, Streptomycin, Tetracycline, Chloramphenicol, 
Trimethoprim, Sulphamethoxazole) antibiotics tested.  

Study II 
E. coli isolates from Arctic birds in study II carried antimicrobial drug resis-
tance determinants. Among the 17 (ampicillin, cefpodoxime, cefadroxil, 
cefuroxime, sulfamethoxazole, chloramphenicol, tetracycline, trimethoprim, 
nitrofurantoin, streptomycin, fosfomycin, mecillinam, nalidixic acid, cipro-
floxacin, gentamicin, imipenem, and tigecycline) antimicrobial drugs tested, 
resistance to 14 was detected. Resistance was observed in 8 isolates. Four of 
them displayed resistance to >4 drugs. 

Two resistant isolates displayed only fosfomycin resistance with MIC val-
ues of 256 mg/L and 1024 mg/L. No resistance to gentamicin, imipenem, or 
tigecycline was observed. PhP typing divided the 97 isolates into 11 CTs 
(CT1–CT11) and 34 Si types. See table 1. 
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Table 1. Origin, host species, antibiotic resistance profile and PhenePlate types of 
97 Escherichia coli isolates from Arctic birds 
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Study III 
Of the 180 samples taken, (90 in each colony), E. coli isolates were obtained 
from 153 samples. Resistance was tested towards tetracycline, ampicillin, 
streptomycin, chloramphenicol, nalidixic acid and cefadroxil. Nearly half 
(47.1%; 72/153 isolates) of the E. coli isolates from the gulls were resistant 
to at least one antibiotic, and there were no difference in overall resistance 
rates between the two gull colonies (33/75 E. coli isolates from “city dump” 
colony and 39/78 isolates from “off shore” colony). Resistance to two or 
more antimicrobial agents was widespread, and found in approximately 1/3 
of the isolates. The most widespread resistance phenotypes were those resis-
tant to tetracycline, ampicillin and streptomycin. See table 2.  

Table 2. Antibiotic resistance of single randomly selected E. coli isolates from bird 
fecal samples. 

  
Colony by feeding site 

Antibiotic  
"City 
Dump" "Offshore"

     (n=75) (n=78) 
Tetracycline 27 32 
Ampicillin 19 19 
Streptomycin 15 14 
Chloramphenicol 2 8 
Nalidixic acid 2 2 
Cefadroxil 4 0 
 

Seventeen isolates (16 E. coli and one E. cloacae) were found that exhibited 
disc diffusion synergy test and cefepime MIC concordant with ESBL pro-
duction, as well as growth on cefpodoxime containing chromID™ ESBL 
plates. The presence of blaCTX-M, blaTEM and blaSHV was then determined by 
PCR.  

Ten isolates were confirmed to harbor CTX-M-1-group enzymes, and se-
quencing defined genotypes to 9 isolates (including the E. cloacae) with 
blaCTX-M-1 and one with blaCTX-M-15. blaTEM was found in combination with 
blaCTX-M in two isolates and with blaSHV in two ietolates, separately in five 
isolates. All isolates, containing any of the bla-genotypes, displayed ESBL 
positive results in E-tests with cefotaxime, ceftazidime and cefepime com-
bined with clavulanic acid inhibition. See table 3. 
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Table 3. Genotypic analyses of phenotypically positive ESBL producing bacteria. 

   bla-genotype 

  Isolate ID Species CTX-Ma TEMb SHVb 
63541 E. coli -1   
63546 E. coli  + + 
63560 E. coli  +  
63562 E. coli -15 +  

"Offshore" 

63574 E. coli   + + 
63606 E. coli -1   
63633 E. coli -1   
63638 E. coli -1   
63652 E. coli  +  
63654 E. coli -1   
63657 E. coli  +  
63659 E. coli -1   
63686 E.cloacae -1   
63688 E. coli -1 +  
63706 E. coli  +  
63725 E. coli -1   

"City Dump"

63727 E. coli   +   
ablaCTX-M positive isolates were sequenced  for specific genotypes, see materials and 
methods. 
b+ indicates presence of blaTEM and blaSHV genes as detected by real-time PCR, see 
methods and materials. 

When conducting MLST the 16 ESBL-producing E. coli were assigned to 13 
different sequence types (STs). Nine isolates were assigned to seven novel 
STs, i.e., combinations of seven nucleotide sequences that were not found in 
the multi locus sequence typing (MLST) database. Seven isolates were as-
signed to six previously reported STs; single isolates to ST156, ST90, ST351 
or ST746, respectively, and two isolates to ST681. See table 4. 
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Table 4. MLST and phylogenetic group assignments for ESBLproducing E. coli 
isolates. 

Isolate 
ID ST 

Clonal 
complex Phylogenetic group 

63541 ST1199 - B1 
63546 ST533 - A0a 
63560 ST1140 - D 
63562 ST156 ST156 A0 
63574 ST90 ST23 A 
63606 ST1142 - A0 
63633 ST681 - B2 
63638 ST681 - B2 
63652 ST1134 - A0 
63654 ST1143 - D 
63657 ST1135 - D 
63659 ST1144 ST746 A0 
63688 ST1140 - D 
63706 ST746 ST746 A0 
63725 ST1143 - D 
63727 ST351 - A0 

a A0 denotes that all three DNA targets of the triplex PCR 
failed to amplify. 

The 13 STs representing the 16 ESBL-producing E. coli isolates were com-
pared with 273 STs representing full global diversity of the species (Wirth et 
al. 2006). It was apparent that the ESBL producing isolates covered a broad 
range of genetic diversity and that the CTX-M harboring E. coli were widely 
dispersed out in the minimum spanning tree showing that these resistance 
genes are present across the full E. coli genetic diversity. Consequently, a 
large fraction of the currently known E. coli genetic diversity was present 
among the ESBL-producing isolates and they were not of recent common 
ancestry. See Fig 1. 
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Fig. 1 Distribution of 16 ESBL producing E. coli isolates within a minimum span-
ning tree representing 273 previously reported STs (dots) from a collection of 459 
diverse E. coli isolates. The tree is based on the degree of allele sharing by MLST 
analysis. Clonal complexes composed of at least three ST members are indicated by 
dots proportional in size to the number of STs within them. STs, isolate designa-
tions, phylogenetic group, and distribution of CTX-M genes of ESBL producing E. 
coli from birds are indicated (black dots). Uniformly colored dots indicate a shared 
phylogenetic group. Black lines connecting pairs of STs indicate that they share six 
(thick lines) or five (thin lines) alleles. Dotted connecting lines represent less allele 
sharing. 

Study IV 
In study IV we studied resistance profile in E. coli isolated from juvenile, 
non fledged, Black-headed Gulls in Kalmar, Sweden. ESBL producing iso-
lates were compared with clinical isolates from the same region. Of the 100 
gulls sampled, E. coli were isolated from 83. Resistance was tested for the 
83 E. coli strains towards tetracycline, ampicillin, streptomycin, chloram-
phenicol, nalidixic acid, cefadroxil, sulfamethoxazole, fosfomycin, tigecy-
cline, trimethoprim, nitrofurantoin and mecillinam. Resistance levels among 
the gull isolates were low, and a majority (86.7 %) of the isolates was fully 
susceptible to all tested agents. Of the 13.3 % E. coli isolates with reduced 
susceptibility  to at least one antibiotic, approximately half (7.2 %) displayed 
resistance to two or more agents, and one isolate displayed resistance to as 
many as four agents. The most common phenotypes were those with reduced 
susceptibility for tetracycline (five isolates) and ampicillin (five isolates), but 
additional resistance was also found to trimethoprim (n=2), streptomycin 
(n=2), chloramphenicol (n=1), nitrofurantoin (n=1), cefadroxil (n=1), and 
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fosfomycin (n=1). Notably none of the isolates displayed reduced suscepti-
bility to nalidixic acid.  

Three gull isolates (all E. coli) were positive in the disc diffusion synergy 
test and had a MIC to cefepime concordant with ESBL production. Of the 
human samples, 27 were confirmed to harbour ESBLs (23 E. coli, three 
Klebsiella pneumoniae, and one Providencia stuartii). Two gull isolates 
were confirmed to harbour blaCTX-M-14 genotype and one isolate blaCTX-M-15 
(Table 5). blaTEM was found in combination with the blaCTX-M-15, but none 
harboured blaSHV. Two of the isolates were positive for plasmids belonging 
to the IncF incompatibility group. In one of the isolates harbouring blaCTX-M-

14 genotype, FIB replicons were detected, whereas both FIB and FIC repli-
cons were found in the isolate carrying blaCTX-M-15 and blaTEM  (Table 5). 

Human samples harboured mainly blaCTX-M-15 genotype (23 isolates), but 
also blaCTX-M-14 (five isolates; one in combination with blaCTX-M-15), blaCTX-M-

14b (two isolates; one in combination with blaCTX-M-15) and one blaCTX-M-65 (a 
variant of blaCTX-M-14). Fifteen isolates harboured blaTEM and seven blaSHV. 
Several human isolates displayed combinations of the different bla-
genotypes. Isolates harbouring any of the bla-genotypes, exhibited ESBL 
positive phenotypic tests. In human ESBL-positive isolates, plasmids be-
longing to the IncF incompatibility group were also the most common. Two 
blaCTX-M-15 harbouring isolates carried FIB replicons only, while other iso-
lates carried combinations of FIB with FIA or I1. In one blaCTX-M-15 harbour-
ing isolate no replicons were detected (Table 5). 
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Table 5. Genotypic analysis of phenotypically positive ESBL producing bacteria 

 

Study V 
A total of 532 fresh faecal, or cloacae, samples were collected from the 
Petropavlovsk river delta (Kamchatka peninsula) and various sites around 
the Bering Island (largest of the Commander Islands). One E. coli isolate 
was randomly selected from each sample, in total 145 E. coli (Table 6).  
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Table 6. Escherichia coli isolates with resistance traits and sampled species by sam-
pling locations 

 

Susceptibility of the E. coli isolates was tested against a panel of antibiotic 
agents, including tetracycline, ampicillin, streptomycin, chloramphenicol, 
nalidixic acid, cefadroxil, sulfamethoxazole, fosfomycin, tigecycline, 
trimethoprim, nitrofurantoin and mecillinam. Only six isolates displayed 
reduced susceptibility to some of the tested antibiotic agents, two with resis-
tance towards two antibiotics (Table 6). Four of these were from Black-
headed gulls in the Petropavlovsk river delta, whilst two were from the more 
remote Commander Islands.  

Phenotypic detection of ESBL-producing bacteria identified four positive 
isolates (all E. coli). One sample (66106) contained two different ESBL-
producing E. coli (66106:1 and 66106:2, Table 7). All harboured CTX-M 
type ESBLs, two blaCTX-M-14 and two blaCTX-M-15 (Table 7). blaTEM was found 
in all isolates but 66106:2, none harboured blaSHV. blaCTX-M-14 and blaCTX-M-15 
(ST131) harbouring isolates were multi-drug resistant, while the non- ST131 
blaCTX-M-15 isolate displayed reduced susceptibility to ampicillin and ce-
fadroxil only (CTX-M conferred resistance phenotypes) (Table 7). All iso-
lates were found to be of previously described STs. By triplex PCR, ESBL-
producing isolates were assigned to group D, except for 65917 which was of 
group B2 (Table 7). Isolate 65917 was also positive for the pabB genotype 
and hence belongs to the O25b-ST131 clone (Clermont, Dhanji et al. 2009). 
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Table 7. Phenotypic and genotypic traits of ESBL-producing E. coli isolates. 

  bla genotype       

Isolate IDa 
CTX-
M TEM SHV

Phylo-
genetic 
 group ST 

Phenotypic  
resistanceb 

65917 (C) -15 + - B2 ST131 Amp, Cdr, Tob, Str(I),Tet, 
Cip, Stx, Tri 

66106:1 (P) -14 + - D ST609 Amp, Cdr, Gen, Tob, Tet, 
Cip(I), Stx, Tri, Chl(I) 

66106:2 (P) -15 - - D ST746 Amp, Cdr 

66114 (P) -14 + - D ST609 Amp, Cdr, Gen, Tob, Tet, 
Cip(I), Stx, Tri, Chl(I) 

a. Sampled at C: Commander Islands/Nikoloskoye (Glaucous-winged gull) or P: Petropavlovsk river delta 
(Black-headed gull). 
b. Amp, ampicillin; Cdr, cefadroxil; Gen, gentamicin; Tob, tobramycin, Str, streptomycin, Tet, tetracycline; Cip, 
ciprofloxacin; Stx,sulfamethoxazole/trimethoprim; Tri, trimethoprim; Chl, chloramphenicol. Intermediate 
susceptibility denoted I. 
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Study VI 
In study VI the antimicrobial susceptibilities of E. coli isolates of avian (n = 
97) and human (n = 100) origin and in 25 copies of the reference strain E. 
coli ATCC 25922 were determined. For each antimicrobial agent, inhibition 
zone diameter (IZD) distributions, the median zone diameter and an normal-
ized resistance interpretation (NRI)-derived cut-off value (Kronvall, 
Kahlmeter et al. 2003) were determined for the three (avian, human and ref-
erence strain) distributions. 

The avian and human IZD distributions of wild-type E. coli were indis-
tinguishable. 

The IZD distributions for four of the agents tested are shown in Fig. 2. 
The medians of the wildtype IZD distributions were in complete agreement 
for ten of the antimicrobial agents, and differed by 1 mm in the remaining 
cases (except for sulphamethoxazole, for which the IZD distributions were 
irregular) (Table 7). The IZD distributions were validated by determining the 
MICs of four antimicrobial agents (ampicillin, gentamicin, nalidixic acid, 
and trimethoprim) for each avian and clinical isolate, and MIC histograms 
were constructed. Similar to the IZD distributions, the avian and human MIC 
distributions for wild-type E. coli were in excellent agreement (Fig. 3). 

 
Fig. 2. Inhibition zone diameter histograms for clinical and avian isolates. The 
dashed line indicates the normalized resistance interpretation (NRI)-derived cut-off 
value for the wild-type population as determined by the NRI method. 
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Fig. 3. MIC histograms for clinical and avian isolates. The dashed line indicates the 
epidemiological cut-off values (ECOFFs) for the wild-type distribution as deter-
mined by EUCAST (http://www.eucast.org). aTrimethoprim concentration test 
range: 0.016–32 mg/L. 
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Table 7. Median and normalized resistance interpretation (NRI)-derived cut-off 
values from inhibition zone diameter (IZD) distributions (mm) of wild-type isolates 

 

Median (mm) and NRI-derived cut-off 
values (mm) from IZD distributions of 
wild-type Escherichia coli isolatesa 
 

 

  
    

Antimicrobial agent Clinical  Avian ATCC  
(disk content, μg) isolates  isolates  25922 
   (n=100) (n=97) (n=25) 

    
Ampicillin (10 ) 20/14 21/15 17/13 
Cefpodoxime (10) 31/25 30/26 30/25 
Cefuroxime (30) 25/20 25/19 25/21 
Chloramphenicol (30) 26/18 26/19 27/23 
Ciprofloxacin (5) 37/30 38/31 39/32 
Fosfomycin (200) 32/26 32/24 32/27 
Gentamicin (30) 27/24 27/23 28/24 
Imipenem (10) 34/27 34/29 33/28 
Mecillinam (10) 33/28 33/27 32/29 
Nalidixic acid (30) 29/22 28/22 30/26 
Nitrofurantoin (10) 24/17 23/17 24/21 
Streptomycin (10) 20/17 20/17  20/ND 
Sulphamethoxazole(100) 24/10b 26/10b 21/10b 
Tetracycline (30) 28/23 28/22 28/25 
Trimethoprim (5) 32/23 32/23 31/26 
Tigecycline (15) 28/22 28/22 28/23 
        
    
ND: not determined.    
a Wild type distributions as determined by the Normalized Resistance Interpretation 
(NRI) method. 
b Due to irregular histogram distributions, the normalization procedure could not be 
performed.  
The breakpoint for sulphamethoxazole was arbitrarily set to R < 10 mm 
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Discussion 

Antibiotic resistance in different birdpopulations related to bird 
migration and association with human activities 
In study I we sampled a bird population from one of the most remote regions 
of the Earth, Antarctica. We found no antibiotic resistance in the enterobac-
teria isolated underlining the fact that influence from human activity is a 
prerequisite for acquired antibiotic resistance in the environment. The find-
ing of antibiotic-resistant bacteria in birds from the Arctic in study II could 
have several explanations. Since there are examples of environmental E. coli 
population virtually free from the type of antibiotic resistance found in our 
study (Osterblad, Norrdahl et al. 2001; Thaller, Migliore et al. 2010) I think 
that the most plausible explanation is that antibiotic-resistant bacteria were 
introduced into the region either by migratory birds or through human refuse 
(food, excretions) from the small human settlements in the area.  

Bird species that spend the winter in up to six different continents can be 
found in the area around the Bering Strait, making it a real bird migration 
crossroad. Thus, migratory birds that have acquired drug-resistant bacteria 
during wintering or a stop over at lower latitudes before migrating to the 
Arctic provide a potential explanation for introduction of drug resistance into 
this region. The fact that one isolate from a juvenile Western Sandpiper 
sampled far from human settlements (the tundra west of Lorino) had resis-
tance to cefadroxil, cefuroxime and cefpodoxime, a resistance pattern com-
monly seen in clinical isolates, is especially interesting and supports the the-
ory of introduction by bird migration and transfer of bacteria between birds, 
probably through the environment in which they feed. Juvenile waders are 
not fed by the adults and forage independently immediately after hatching. 
Consequently the microbiota of a juvenile wader should reflect the microbi-
ota in the immediate surrounding environment. 

Previous studies has shown enteropathogens (Salmonella and Campylo-
bacter) with human signature present in wildlife (birds and seals) in the 
Subantarctic regions (Olsen, Bergstrom et al. 1996; Griekspoor, Olsen et al. 
2009) where human activity is more or less restricted to a few research 
bases. This together with our finding of resistant bacteria including multi-
resistant isolates of E. coli in the normal flora of Arctic birds highlights the 
unique nature of bacterial adaptation and the complexity of dissemination of 
antimicrobial drug resistance.  
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In study III the high general resistance level in Yellow-legged Gulls in the 
south of France is most certainly a result of long-time direct or indirect ex-
posure to human activities in an area with relatively high antibiotic pressure. 
The CTX-M types found in our study in southern France correlates very well 
with studies from humans and food-producing animals in the same area 
(Meunier, Jouy et al. 2006; Livermore, Canton et al. 2007). The fact that 
ESBL-producing bacteria are phylogenetically dispersed among E. coli iso-
lates of human clinical and animal origin underlines our hypothesis that 
these bacteria are clearly zoonotic in origin, as are the resistance types found 
in them.  

In Sweden the carriage rate of ESBL among the human population is con-
sidered to be low and in a study from Uppsala enrolling healthy volunteers 
prior to foreign travel it was shown to be less than 1% (Tangden, Cars et al. 
2010). Further the E. coli isolated from the juvenile Black-headed gulls of 
Kalmar had a very low general resistance level e.g. compared to the isolates 
from the Yellow-legged Gulls from study III. In this perspective it is there-
fore quite surprising that CTX-M ESBLs are already present in the studied 
bird population in study IV.  

Antibiotic resistance gene dispersal by horizontal transfer  
The data on the population structure among ESBL producing E. coli from 
study III, IV and V are interesting. The very rapid dispersal of CTX-M 
ESBLs during the last decade need an explanation e.g. is the main force be-
hind the pandemic spread a result of successfully disseminating clones or is 
it driven by the horizontal spread of CTX-M genes? The fact that the CTX-
M producing E.coli strains are phylogenetically dispersed indicates that 
these CTX-M genes are very mobile and are present throughout the E. coli 
population. The replicon typing of the plasmids in study IV shows that Inc 
F-plasmids are associated with CTX-M carriage both in the avian and human 
host. Inc F plasmids has previously been reported to be associated with the 
dispersal of especially CTX-M 15 (Marcade, Deschamps et al. 2009). Future 
studies on the plasmids involved with presence of different ESBLs isolated 
from natural environments would be most interesting. To conclude, these 
studies indicate a major importance of horizontal transfer, and less need of 
successful clones, at least for a general dissemination into strains that may be 
considered commensal and less pathogenic. 

Antibiotic resistance gene dispersal by successful clones 
The ESBL producing strains belonging to MLST group ST 90 and ST 533 
isolated from Yellow legged gulls in study III are both known to cause uri-
nary tract infection in humans. The E. coli belonging to the globally dis-
seminated human pathogen O25b-ST131 (CTX-M-15) clone, sampled from 
a Glaucus-winged Gull on the remote Commander Island is a quite remark-
able finding and an excellent example of antibiotic resistance dissemination 
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through a successful bacterial host. This clone has had a pandemic spread 
among healthcare facilities in Europe and other parts of the world but has not 
previously been found in wild animals. The finding of the O25b-ST131 
(CTX-M-15) strain in a gull in the far off Commander Islands shows that 
both the bacterial strain and its antibiotic resistance genes are capable of 
surviving in more pristine environments. Besides illustrating the success of 
the clone it is probably also an example of antibiotic resistance dissemina-
tion through bird migration. It is likely that the multi-resistant CTX-M-14 
and CTX-M-15 harbouring E. coli found in study V is a result of clonal dis-
semination of successful clones (including O25b-ST131), with clear human 
origin, even into an environment lacking antibiotic pressure, while the rela-
tively susceptible CTX-M-15 isolate from the same study is an example of 
horizontal transfer of a more naïve CTX-M harbouring plasmid to an E. coli 
with ST746, unassociated with clonal dissemination. Hence, dissemination 
of resistance genes/plasmids will take place in a commensal bacterial popu-
lation, probably completely without the need of successful clones. However, 
when present in such clones, they will be combined with already present 
virulence traits that will enhance their apparent rapid dissemination even 
further. 

Bird colonies as melting pots and reservoirs for new resistance types 
Plasmid-borne resistance, such as CTX-M type ESBL, is obviously rapidly 
disseminating even in natural environments since it is already present in this 
type of animal reservoir that the birds in study III, IV and V represent. Dense 
bird colonies with often hundreds or thousands of nests only centimetres from 
each other could be potential melting pots for new resistance types. Bird 
colonies or roosts are most certainly a very important “genetic reactor” where 
(human/)animals are close and interact enough to lead to bacterial and genetic 
exchange, together with e.g. long term care facilities, hospitals and farms as 
suggested by (Baquero, Martinez et al. 2008). This is particularly probable as 
most of these locations are associated to water and contamination of water 
with gastrointestinal bacteria is a well known phenomenon providing an ex-
cellent milieu for interaction and exchange of genetic material.  

The studies in this thesis underline the fact that the dissemination of e-
merging resistance types such as the CTX-M ESBLs is occurring at an 
alarming speed also in natural environments. Together with other recent 
studies this strongly indicates that birds could act as important environ-
mental bio-indicators, and reservoirs, of medically important pathogens and 
resistance genes. 

The impact on human health 
The impact on human health of the reservoir in natural environments of 
these newly emerged resistance genes is obvious. Once the genes has mobi-
lized to human pathogenic or commensal bacteria, the genes will multiply 
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even more by horizontal transfer to receptive bacterial species and strains, 
some apparently very successfully. This kind of spread is further enhanced 
by the influence of antibiotic therapy in a hospital setting or under animal 
husbandry. These new successful antibiotic-resistant bacterial clones are 
then released again in the environment through waste water, where the re-
combination and dissemination events may be enhanced even more  through 
the action from pollutants, abnormal microbial communities such as water 
environments heavily contaminated with waste and sludge from sewage 
treatment plants and farms. Once present in the aquatic environment the 
resistant bacteria could easily be picked up by birds such as gulls and than 
reintroduced to humans, e.g. through the animals in food production even in 
areas far from where the resistance originally emerged, for instance via gull 
feces on fields where cattle are kept. In some areas cattle are held outside in 
feedlots with hundreds of thousands animals prior to slaughter. The risk of 
an uncontrolled community spread among humans if the antibiotic-resistant 
bacteria enter such a food chain is obvious.   

As Schluter et al. already have concluded, human, animal and plant patho-
gens and other bacteria share a common pool of resistance determinants that 
easily can be exchanged. (Schluter, Szczepanowski et al. 2007). The transfer 
of resistance genes, as well as new combinations of resistance genes and 
bacterial strains is most likely to occur in environmental compartments with 
high bacterial density. With the finding of surprisingly high level of antibi-
otic resistance determinants in certain bird populations and the heterogeneity 
in the E. coli strains that harbor them, the gastrointestinal tract of certain bird 
species, especially in dense bird colonies and bird roosts could be such a 
compartment in the environment. The phenomenon of bird migration could 
further disseminate antibiotic-resistant bacteria to new areas and the results 
in study II and V and the fact that birds with their migration are involved in 
the dissemination of other pathogens such as West Nile Virus, influenza A 
virus etc (Reed, Meece et al. 2003), indicate that birds are capable of intro-
ducing antibiotic resistance to new geographical areas.  

The role of ECOFFs  
In study VI it is shown that avian and clinical inhibition zone diameter dis-
tributions of wild-type E. coli are indistinguishable. Since the concept of 
ECOFFs can be applied in populations of bacteria from varying host sources 
(humans, animals, and plants), thus bypassing the difficulties of having to 
determine the relevance of different breakpoints for treating infections 
(2008), it is a very tempting method to use for antibiotic resistance surveil-
lance. However a prerequisite for using the same ECOFF on isolates of dif-
ferent origin is that the wild-type distributions are independent of the host 
species. The results in study VI support the idea that the same ECOFFs can 
be used to define resistance in E. coli isolates, regardless of origin. This is 
highly relevant for harmonization of breakpoints in veterinary and human 
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medicine, and it suggests a practical way forward for globally harmonized 
surveillance of antimicrobial resistance. 

It is clear that natural environments have become an important reservoir of 
antibiotic resistance and thus we always have the risk of transmission of 
antibiotic resistance from the environment back into the human community 
with potential hazards for human health. The situation of the ESBLs are 
fascinating and serves as a beautiful example of bacterial evolution with a 
resistance gene of environmental origin that has become mobilized and en-
tered human commensal bacteria with the potential of continued back-and-
forth transfer between humans, animals and the natural environment.   

The chances for mobilization of such a gene into potential pathogenic 
bacteria are most certainly affected by the very special environments created 
by man where environmental, animal and human bacteria, genetically inter-
act with each other, sometimes under the influence of antibiotics. Maybe 
these mobilization events are rare in natural environments, but once mobi-
lized these antibiotic-resistant genes could obviously be very successfully 
dispersed and enhanced. We know that modern antibiotic usage, poor hy-
giene in hospitals and long term facilities as well as modern food-animal 
production is to blame for this spread. The findings in the studies included in 
this thesis, together with other recent findings show that natural environ-
ments also are major players and obviously a huge reservoir of these newly 
emerged resistance genes as e.g. the CTX-M ESBLs.  

Conclusions 
• Wild birds carry antibiotic-resistant Enterobacteriaceae.  
• The levels and spectra of antibiotic resistance vary between dif-

ferent birdpopulations and geographical regions.  
• In bird populations without interaction with human activities 

throughout the year, antibiotic resistance is lacking. Antibiotic-
resistant bacteria could however probably be dispersed to remote 
regions by bird migration. 

• ESBLs and especially CTX-M are found in comparably high lev-
els in gull populations considering the recent emergence of these 
resistance genes in clinical settings. 

• CTX-M harbouring E. coli isolated from Yellow-legged Gulls 
covers a broad range of genetic diversity and are widely dispersed  
in the E. coli minimum spanning tree. In wild birds CTX-M are 
found both in E. coli strains with previously known “human signa-
ture” as well as in “novel” strains. This indicates that these genes 
are indeed very mobile and rapidly disperse both through horizon-
tal gene transfer and through successful clones. 
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• The CTX-M types found in wild birds are the same types that are 
found in clinical settings and in food producing animals from the 
same regions.  

• Avian and clinical inhibition zone diameter distributions of wild-
type E. coli are indistinguishable. This supports the idea that the 
same ECOFFs can be used to define resistance in E. coli isolates, 
regardless of origin.  

• Wild birds may act as important indicators of the level of antibi-
otic resistance dispersal in natural environments 

Future perspectives 
The CTX-M pandemic has been referred to as one of the most striking ex-
amples of rapid and global dissemination of plasmid-mediated resistance 
determinants among bacterial pathogens (Rossolini, D'Andrea et al. 2008). 
Both the nosocomial and community spread is well described (Canton and 
Coque 2006) but there is much less studies of the presence in natural envi-
ronments. The efforts to suppress further development of antibiotic resis-
tance and dispersal are very much focused on the consumption of antibiotics 
in the human and veterinary medicine. Hygiene factors have also been put on 
the agenda during the latest years. All of this is of course crucial and very 
important. However, the factors that maintain and perhaps facilitate further 
resistance dispersal in natural environments are left with much less attention. 
The mechanisms behind the success of CTX-M are still to be determined 
(Rossolini, D'Andrea et al. 2008). In that perspective the finding in these 
studies that the CTX-M prevalence in wild birds is at least equal to the 
prevalence in the human population needs to be taken into consideration. 
This is further supported by our so far unpublished recent findings of car-
riage rate of CTX-M within a wild bird population in Chile that are magni-
tudes higher than from humans in the same area. The importance of future 
studies in the area of antibiotic resistance development and dispersal that 
look above and beyond insertion sequences, DDD and intensive care units 
etc. could not be emphasized enough. 
In other words it is important to further study the mechanisms that maintain 
high resistance levels in natural environments without apparent antibiotic 
pressure - what (or if) selective mechanisms are involved to maintain their 
presence? Further more attention should be brought to bird-human interac-
tion and bird-migration on the dispersal of antibiotic resistance.  
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Sammanfattning på svenska 

En ökande antibiotikaresistens är ett hot mot protesingrepp, cancervård och 
annan avancerad sjukvård. Spridning av antibiotikaresistens i kliniska sam-
manhang och miljöer är relativt välstuderad inom såväl human- som veteri-
närmedicin medan förekomsten av och eventuell spridning av antibiotikare-
sistens i naturliga miljöer är mindre välstuderad.  

I denna avhandling har jag studerat vilda fåglars betydelse som bärare och 
potentiella spridare av antibiotikaresistenta tarmbakterier.  

I studie I undersöktes Åsnepingviner från Neko Harbour på Antarktiska 
halvön. Ingen antibiotikaresistens hittades i tarmfloran hos pingvinerna. 
Även om Antarktiska halvön besöks av en ansenlig mängd turister varje år 
så torde den mikrobiologiska inverkan från människor vara försumbar då 
vare sig toalettbesök eller avloppstömning från turistfartygen får utföras i 
Antarktis. Detta indikerar att utan kontakt med människor eller av människor 
påverkad miljö så förekommer inte heller förvärvad antibiotikaresistens. 

I studie II så studerades förekomsten av antibiotikaresistens hos fåglar 
från Arktis. Insamlingen skedde i Nordöstra Sibirien, Grönland och Alaska. 
Trots att insamlingen i huvudsak skedde i miljöer långt från mänsklig påver-
kan så visade det sig att flera av de studerade fåglarna bar på resistenta bak-
terier, även multiresistenta isolat. Av de 17 testade antibiotika så hittades 
resistens mot 14. Den mest troliga förklaringen för detta är att fåglar kan 
bära med sig antibiotikaresistenta bakterier från övervintringsområden i mer 
tätbefolkade områden till sina häckningsområden.  

I studie III undersöktes antibiotikaresistensen hos medelhavstrutar från 
södra Frankrike. Det visade sig att nära hälften av de undersökta trutarna bar 
på antibiotikaresistenta bakterier. Tio procent var bärare av bakterier med 
s.k. ESBL-produktion. ESBL är en resistenstyp som kan spridas mellan olika 
bakterier och som senaste åren spridit sig i sjukvårdsmiljö och orsakat stora 
kliniska problem. Genetisk analys av de ESBL-producerande E. coli stam-
marna visade på en stor genetisk variation. Det indikerar att dessa resistens-
gener (ESBL) återfinns i större delar av E. coli populationen och att sprid-
ningen bland fågelpopulationen inte bara representerades av någon enstaka 
ESBL-bärande stam. 

I studie IV analyserades förekomsten av antibiotikaresistens hos skratt-
måsar från en koloni i centrala Kalmar. Resistensnivån var här betydligt 
lägre än hos medelhavstrutarna i Frankrike (11%) men även skrattmåsarna i 
Kalmar bar på ESBL producerande stammar. För jämförelse utfördes en 
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analys av samtliga ESBL producerande stammar som isolerats vid laborato-
riet för klinisk mikrobiologi på Länssjukhuset i Kalmar under 2007. De vi-
sade att de dominerande ESBL varianterna i humanmaterialet var liknande 
varianter som hos skrattmåsarna. Med tanke på den låga generella resistens-
nivån hos skrattmåsarna var det överraskande med fynd av ESBL produce-
rande stammar hos dessa, med tanke på hur nyligen de har börjat spridas hos 
människa.  

I Studie V provtogs fågelpopulationer på Kommendörsöarna i Berings-
sund och en skrattmåskoloni på Kamchatkahalvön. Den generella resistens-
nivån hos fåglar provtagna på de isolerade Kommendörsöarna var mycket 
låg (1,7%) men även här isolerades en ESBL producerande E.coli som visa-
de sig vara en välkänd E.coli stam som orsakat stor spridning i sjukvårdsmil-
jö.  

Den snabba spridningen av ESBL som påvisats hos människor de senaste 
åren pågår uppenbarligen också ute i naturen. 

I studie VI jämfördes två olika populationer av E. coli isolat utan resistens 
(nativa-/vildtypspopulationen) med varandra. Isolaten från de arktiska fåg-
larna i studie II jämfördes med kliniska stammar från blododlingar (analyse-
rade vid klinisk Mikrobiologi, Centrallasarettet, Växjö). Det visade sig att 
human och fågelstammarna uppträdde identiskt vid resistenstestning. Detta 
stärker antagande att den nativa andelen av E. coli från populationer av olika 
ursprung är likartad och att användande av epidemiologiska brytpunkter som 
utgår från distributionen av nativa bakteriepopulationer utan förvärvad resi-
stens kan appliceras på en bakterieart oberoende av värddjur.  

Sammanfattningsvis visar studierna i denna avhandling att vilda fåglar bär 
på antibiotikaresistenta bakterier inklusive ESBL-producerande stammar. I 
synnerhet bär måsar i förvånande hög grad på ESBL producerande stammar. 
De dominerande ESBL varianterna hos måsar är samma varianter som åter-
finns hos människor och hos djurbesättningar i motsvarande område. ESBL 
producerande E. coli stammar hos medelhavstrut uppvisar en stor genetisk 
variation vilket indikerar att de aktuella ESBL generna är mycket rörliga och 
sprids inom en stor del av E. coli populationen. Olika fågelkolonier med hög 
individtäthet och närhet till vatten kan förmodligen vara smältdeglar och 
reservoirer för nya resistenstyper. Vilda fåglar kan vara viktiga indikatorer 
för hur olika antibiotikaresistenstyper sprids i naturen. 
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