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It is important to point out the urgent need for a better long-term survey of ESBL producing 

emerging phenotypes in parallel in the human and veterinary fields, including wild animals 

that were also reported as a potential reservoir of resistance genes. The evolution of this 

type of resistance in wild birds and in general in natural ecosystems is of great importance 

in human medicine. 

 
 
 
Outline  
Microbial resistance to antibiotics is a 
worldwide problem in human and veterinary 
medicine. The appearance of multiresistant 
bacteria of human and veterinary origin is 
probably accompanied by co-contamination 
of the environment, leading to a major clinical 
and public health concern within the lifetime 
of most people living today (Guenther et al. 
2011). 
 
Beta (ß)-lactam antibiotics are significantly 
used in human and veterinary medicine. In 
the last decade a variety ß-lactamases 
emerged in Gram-negative bacteria, resulting 
in reduced susceptibility to broad-spectrum ß-
lactams. These ß-lactamases include ESBLs, 
AmpC ß-lactamases and also 
carbapenemases (Poole 2004). 
 
ESBLs are plasmid-encoded enzymes in the 
Enterobacteriaceae, being frequently found in 
Escherichia coli. ESBLs confer resistance to 
a variety of ß-lactams, including penicillins, 
2nd-, 3rd- and 4th-generation cephalosporins 
and monobactams. ESBL-producing 
organisms are frequently multiresistant, 
exhibiting resistance to other antimicrobial 
classes (fluoroquinolones, aminoglycosides 
and trimethoprim-sulphamethoxazole) due to 
associated resistance mechanisms, which 
may be either chromosomally- or plasmid-
encoded (Paterson and Bonomo 2005). 
  

In the Enterobacteriaceae, the most 
commonly encountered ESBLs belong to the 
TEM, SHV and CTX-M families (Paterson 
and Bonomo 2005). The SHV and TEM ESBL 
types were the main ESBL variants found in 
E. coli causing nosocomial infections; they 
emerged by mutations of the broad spectrum 
TEM-1 and SHV-1 genes that were then 
transferred between bacteria though 
plasmids, which were in turn spread by clonal 
distribution among hospitals and countries. 
However, in the last decade, the ESBL 
epidemiology in humans was modified and 
successful international bacterial clones 
harbouring members of the CTX-M family 
have emerged and spread globally. The CTX-
M genes are also located on highly 
transmissible plasmids, thus facilitating fast 
and efficient spread of resistance. Based on 
their amino-acidic sequence diversity, the 
vast number (more than 50) of CTX-M 
variants described so far have been classified 
into 5 major phylogenetic groups: CTX-M-1, 
CTX-M-2, CTX-M-8, CTX-M-9, and CTX-M-
25. The CTX-M-ß-lactamases have become 
the most prevalent ESBLs in human 
Enterobacteriaceae worldwide (Pallecchi et 
al. 2007). 
 
Microbial pollution in wildlife 
Usually, wildlife is not exposed to clinically 
use antimicrobial agents but can acquire 
antimicrobial resistant bacteria through 
contact with humans, domesticated animals 
and the environment, where water polluted 
with faeces appears to be the most significant 
vector of contamination. The incidence of 
commensal and pathogenic bacteria in faecal 
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contaminations can be expected to be a 
connection between the environment and 
settings with regular or even constant 
antimicrobial pressure (aquaculture, livestock 
farming, human, and veterinary clinical 
settings), resulting in a unceasing release of 
antibiotic-resistant human and animal 
bacteria into the environment through 
wastewater or manure. Additionally, the 
detection of antimicrobial resistant bacteria in 
aquatic environments affected by human and 
animal wastewater and soil provides 
evidence for this hypothesis. In this context 
the common use of antibiotics in aquaculture 
is also of utmost importance due to possible 
direct influences on water birds (Smith 2008).  
 
As intestinal bacteria like E. coli can be easily 
disseminated in different ecosystems through 
water, they are intensively used as indicator 
species for faecal pollution. The expression of 
multidrug-resistance phenotypes in wildlife E. 
coli isolates is not the consequence of the 
nearby use of antimicrobials in natural 
environments, but is due to a distant use that 
had caused a multi-resistant organism to 
evolve in the first place which consequently 
spread to different ecological niches 
(Guenther et al. 2011). 
 
Despite the commensal character of E. coli, 
they are commonly involved in animal and 
human infections that implicate the use of 
antimicrobials, which increases public health 
preoccupations to the list of implications that 
arise from the spread of ESBL-E. coli into 
wildlife. Furthermore, the increasing 
frequency of community-acquired ESBL-E. 
coli infections and the occurrence in livestock 
farming has been observed, suggesting a 
successful transmission of ESBL-E. coli 
strains outside hospital settings.  
 
An additional parallel global phenomenon is 
the spread of ESBL-E. coli into the 
environment beyond human and 
domesticated animal populations, and this 
appears to be directly induced by 
antimicrobial practice. This might be a 
significant cause of the community-onset of 
ESBL-E. coli infections but can result (i) in an 
involvement of wildlife in the spread and 
transmission of ESBL-E. coli into fragile 
environmental niches, (ii) in subsequent 
colonization of wild animal populations which 

can turn into an infectious source or even a 
reservoir of ESBL-E. coli, (iii) in new putative 
infection cycles between wildlife, 
domesticated animals and humans, and (iv) 
in difficulties in the medical treatment of 
wildlife (Guenther et al. 2011). 
 
Monitoring the prevalence of resistance in 
indicator bacteria such as faecal E. coli in 
different populations (animals, patients and 
healthy humans) makes it possible to 
compare the prevalence of resistance and to 
detect the transference of resistant bacteria 
or resistance genes from animals to humans 
and vice versa (Martel et al. 2001). Even 
though studies reporting E. coli of wild 
animals has been increasing, those reporting 
ESBL-E. coli in wildlife, particularly in wild 
birds, are still limited (Costa et al. 2006; 
Poeta et al. 2008; Dolejska et al. 2009; 
Bonnedahl et al. 2009; Hernandez et al. 
2010; Pinto et al. 2010; Literak et al. 2010; 
Radhouani et al. 2010; Simões et al. 2010; 
Wallensten et al. 2011; Silva et al. 2011; 
Guenther et al. 2010). 
 
ESBL- E. coli in wild birds 
E. coli are ubiquitous commensal bacterial 
species colonizing the intestinal tract of wild 
animals such as birds and are also found in 
the environment. The first study that reported 
the prevalence of antimicrobial resistant E. 
coli isolates from wild birds was in Japan in 
the beginning of the 1980s (Kanai et al. 
1981). In Portugal, just six studies reported 
the prevalence of ESBL-E. coli isolates in wild 
birds (Costa et al. 2006; Poeta et al. 2008; 
Pinto et al. 2010; Silva et al. 2011; Simões et 
al. 2010; Radhouani et al. 2010). It is 
important to point out that some of these 
reports (Costa et al. 2006; Poeta et al. 2008; 
Pinto et al. 2010; Silva et al. 2011; Radhouani 
et al. 2010) were realized in remote places or 
preservation areas; highlighting the 
complexity of the spread of antimicrobial 
resistance in wild animals. These results 
suggest on the one hand an influence of 
migratory behaviour of wild birds for example 
into remote areas or on the other hand the 
omnipresence of human influence in 
numerous ecological niches essentially via 
human faeces contamination.  
 
The degree of colonization varies a lot 
between different animal species, such as 
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birds (Gordon and Cowling 2003). Table 1 
shows the prevalence of ESBL-E. coli in 
different Portuguese geographical areas; this 
frequency ranged from 0.5% in birds of the 
remote Azores islands in the Atlantic Ocean 
(Silva et al. 2011) to 32% for birds of the 
Portugal’s northern Portuguese coast 

(Simões et al. 2010). A low prevalence of 
ESBL-E. coli was also observed (0.8%) in 
glaucous-winged gull of Kamchatka peninsula 
in Russia (Hernandez et al. 2010). These 
findings suggest that wild animals living in 
urban area are more susceptible to carry 
ESBL-E. coli living in remote areas.

 
Table 1. Presence of extended-spectrum beta-lactamases producing E. coli in wild birds in 

Portugal. 
 
The prevalence of ESBL-E. coli is clearly 
influenced by sampling schemes, by 
geographic regions, by the host spectrum of 
these bacteria and by the degree of 
synanthropic behaviour shown by the host 
species (Allen et al. 2010). It is important also 
to take in consideration the limitations that 
occur interpreting these results.  
 
Due to their diversity in ecological niches and 
their ease in picking up human and 
environmental bacteria, wild birds might act 
as mirrors of human activities. Within the 
heterogeneous class of birds, two groups 
seem to be in the focus of ESBL-E. coli 

carriage in wildlife: birds of prey (Costa et al. 
2006; Pinto et al. 2010; Radhouani et al.  
 
2010; Silva et al. 2011) and waterfowl/water 
related species (Poeta et al. 2008; Bonnedahl 
et al. 2009; Dolejska et al. 2009; Guenther et 
al. 2010; Hernandez et al. 2010; Literak et al. 
2010; Simões et al. 2010; Garmyn et al. 
2011).  
Although wild birds such as birdsof prey have 
only rare contact with antimicrobial agents, in 
disagreement with the existence of direct 
selective pressure, they can be contaminated 
or colonized by resistant bacteria. Birds of 
prey are carnivorous birds, and they can fly 

Animal species 

No. of ESBL 
producing isolates 

per total no. (%) 
of isolates 

investigated 

ESBL genes detected 
(% in relation to total no. of 

ESBL) 
References 

Bird of prey and Owl 6/24 (25) 
blaTEM-52 (16.7), blaCTX-M-14 + blaTEM-1 

(33.3),  blaCTX-M-14 + blaTEM-d (16.7), 
blaSHV-12 (16.7) 

(Costa et al. 2006) 

Seagulls (Yellow legged 
gulls) 

11/57 (19.3) 
blaTEM-52 (72.7), blaCTX-M-1 (9.1), 
blaCTX-M-14a (9.1), blaCTX-M-32 (9.1) 

(Poeta et al. 2008) 

Buzzard (B. buteo), Barn 
owl (T. alba), Tawnyowl 
(S. aluco), Bootedeagle 
(A. pennata), Montagu’s 
harrier (C. pygargus), 
Blackkite (M. migrans), 
Blackvulture (C. atratus), 
Bonelli’seagle (A. 
fasciata), Eurasian eagle 
owl (B. bubo), Raven (C. 
corax) 

32/119 (26.9) 

blaCTX-M-1 (40.5), blaCTX-M-1+blaTEM-1 

(43.8), blaCTX-M-1+ blaTEM-20 (3.1), 
blaSHV-5 (3.1), blaSHV-5+blaTEM-1 (6.3), 
blaSHV-5+blaTEM-20 (3.3) 

(Pinto et al. 2010) 

Buzzards (B. buteo) 5/33 (15.2) 
blaCTX-M-32 +blaTEM-1 (70), blaCTX-M-1 

+blaTEM-1 (30) 
(Radhouani et al. 
2010) 

Seagulls (Larus sp.) 45/139 (32) 
blaCTX-M-1 (18), blaCTX-M-9 (9), blaCTX-

M-15 (39), blaCTX-M-32 (34) 
(Simões et al. 
2010) 

Blackcap (S. atricapilla) 1/220 (0.45) blaCTX-M-14+blaSHV-12 (100) (Silva et al. 2011) 
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large distances searching for food and 
territory. Water contact and acquisition via 
food seem to be major aspects of 
transmission of resistant bacteria of human or 
veterinary origin to wild animals. 
 
In the other hand, wild birds such seagulls 
are often opportunistic marine feeders along 
the shoreline or offshore, but also eat the 
food sources provided by humans, especially 
garbage. Report on marine fish showed the 
presence of ESBL-E. coli (Sousa et al. 2011) 
isolates in Gilthead Seabream, a major 
source of food to seagulls, indicating a 
dissemination of ESBL-E. coli into the Atlantic 
ocean. Moreover, it has previously been 
demonstrated that seagulls shared strains of 
E. coli with isolates cultured from wastewater 
treatment plants and landfills (Nelson et al. 
2008). This highlights the possibility of 
bacterial exchange between human sewage 
and birds. 
 
Genetic characterization of ESBL genes in 
wild birds 
Concerning the ESBL enzymes, over the past 
several years a plethora of non-TEM, non-
SHV, non-OXA ESBLs have been described 
in human and animals all over the world, with 
CTX-M-type ESBLs, in particular, increasingly 
widespread. Comparable to the present 
situation in human and veterinary medicine, 
the type of ESBLs found in wild animals, 
particularly wild birds, is clearly dominated by 
the blaCTX-M gene-family (Guenther et al. 
2011). 
 
In Portugal, the most common blaCTX-M genes 
in wild birds are blaCTX-M-1 (the most 
commonly identified ESBL), followed by 
blaCTX-M-15, blaCTX-M-32, blaCTX-M-14 and blaCTX-M-9 
genes (Table 1). It important to highlight that 
CTX-M-15 was the predominant CTX-M type 
identified among seagulls living generally on 
beaches of downtown Porto (Simões et al. 
2010), which is in accordance with CTX-M-15 
being the most prevalent ESBL-E. coli in 
Porto clinical isolates (Machado et al. 2006). 
This statement differs from those of a study 
reporting absence of CTX-M-15 and 
predominance of TEM-52 producers in 
seagulls in a Natural reserve, where contacts 
with humans are rare (Poeta et al. 2008). 
Usually, the blaCTX-M genes were 
accompanied by blaTEM-1, blaTEM-52 or blaTEM-20 

genes. Besides the blaCTX-M genes, blaSHV-12 

gene was also found in birds of prey in 
Portugal. Other less prevalent ESBL genes 
detected in wild animals were blaSHV-5 (Table 
1). 
 
The wide range of identified ESBL genes in 
wild birds is still very restricted in comparison 
to clinical isolates of human and veterinary 
origin. Guenther and co-workers suggested 
that these results could reflect the small 
number of studies performed on wildlife to 
date, or that certain types of beta-lactamases 
are more successful in the environment (due 
to co-selection with other non-resistance 
genes, for example) (Guenther et al. 2011). 
 
Another hypothesis that is supported by the 
similarity of resistance profiles between wild 
animal and human/veterinarian clinical 
isolates, is that the ESBL types found in wild 
animals simply reflect the ones that are most 
prevalent in human and veterinary clinics and 
in livestock farming, such as blaCTX-M-1 or 
blaCTX-M-15. However, since the dissemination 
of ESBL genes is highly driven by horizontal 
gene transfer, the occurrence of identical 
ESBL genes could also be based on the 
spread of ESBL-plasmids that are randomly 
distributed throughout the environment 
(Guenther et al. 2011). 
 
In summary, the characterization of the clonal 
nature of strains isolated from different hosts 
as well as an accurate identification and 
localization of the ESBL genes need to be 
considered to unravel the basis of the ESBL-
E. coli diffusion into wildlife.  
 
Conclusion 
These reports still reinforce the urgent need 
for a better long-term survey of ESBL 
emerging phenotypes in parallel in the human 
and veterinary fields, including wild animals 
that were also reported as a potential 
reservoir of resistance genes. The evolution 
of this type of resistance in wild birds and in 
general in natural ecosystems is of great 
importance in human medicine. Migrating 
birds that travel long distance seem to act as 
transporters, or as reservoirs, of resistant 
bacteria and may consequently have a 
significant epidemiological role in the 
dissemination of resistance, as well as being 
mirrors of the spectrum of pathogenic 
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microorganisms present in humans. These 
findings report an issue of proliferation of 
antimicrobial-resistant microorganisms in the 
environment and the related potential human 
health and environmental impact. Though, as 
bacteria quickly evolve to acquire resistance 

to the available antimicrobials, it is a constant 
race for scientists to develop effective 
strategies to combat infection and to reveal 
new therapeutic targets. 
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