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Abstract
Established taxa within the Enterobacteriaceae wereisolated from cloacal swabs of Strix aluco chicks in nest boxes located at five 
research sites. ChromID ESBL medium (bioMerieux) was used to select a pool of Enterobacteriaceae strains producing extended-
spectrum beta-lactamases. Drug sensitivity of the chosen strains was determined from the full pool of Enterobacteriaceae 
to 6 chemotherapeutics of different mechanisms of action. The study evaluated the sensitivity of ESBL-synthesizing isolates 
to substances belonging to penicillins, cephalosporins, cephamycins, clavams, carbapenems and monobactams. Analysis 
of the results indicated a potential role of Strix aluco in the dissemination of epidemiologically-relevant Enterobacteriaceae, 
and, importantly, pose health risks to forest service workers, nature protection service and ornithologists. The results can 
also serve as the basis for further environmental studies.
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INTRODUCTION

The tawny owl Strix aluco is the most common and numerous 
owl species in Europe [1] and in Poland [2]. The species is well 
adapted to inhabit a wide range of landscapes, i.e. woodland, 
rural and urban environments. Most commonly, tawny owls 
are a cavity nesting species that reside in tree cavities of 1.5 – 
3 m depth, as well as in deep hollows in old trees. Their habitat 
preferences also include man-made structures, crevices in 
cliffs, under tree trunks, nest baskets and boxes, and even 
nests made by other birds of prey and crows. Tawny owls 
are common mostly in forests where they reach the highest 
population density [3].

In virtue of its abundant occurrence and nesting 
predominantly in forest tree holes, forest workers, including 
both foresters and forest service workers, prove to be the 
most exposed to contact with this bird species. Employees 
of the nature protection service (Regional Directorates for 
Environmental Protection, national parks, landscape parks) 
professionally engaged in species conservation pursuant to 
the Act on Nature Protection, also come into contact with 
tawny owls. Workers of the nature protection service provide 
care to sick and injured animals or flightless chicks. Another 
group of people with direct occupational exposure to this 
bird species comprises ornithologists studying the biology, 
ecology and ringing of this species.

The current reviews on biological occupational risk among, 
e.g. forest workers, have focused primarily on infection with 
borreliosis, rabies, tularaemia, tick-borne encephalitis and 
meningitis, when ticks are considered the major immediate 
source of human infection, as well as vectors of biological 
agents such as bacteria and viruses. However, no information 
is available on the role of the birds as transmitters of biological 
agents in forests, and potential zoonotic threat to forest 
workers health [4, 5, 6].

The occurrence and development of bacterial resistance to 
chemotherapeutic agents limit the ability to combat serious 
infections produced by the microorganisms. At present, some 
bacteria species have acquired resistance to all accessible 
antibiotics. Widespread overuse and misuse of antibiotics 
have created an increasing incidence rate and transmission 
of multidrug resistance, a national and global problem for 
the current medical sciences [7, 8, 9]. The strains synthesizing 
beta-lactamases representing different bacterial taxa are of 
special clinical and epidemiological importance [10, 11].

The remarkable adaptability of bacteria makes them 
inhabit and survive in almost any environment, often even 
in the most extreme. Every new generation of microbes is 
able to adapt its genes in response to continuously changing 
stressful environmental conditions, while humans have the 
ability to affect this process through excessive chemical 
stimulation in the environment [12, 13].

To-date, only a few studies have explored the role 
of invertebrates and vertebrates living in their natural 
ecosystems in the dissemination of Enterobacteriaceae 
that can contribute to epidemiological monitoring of the 
environment [14, 15].
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OBJECTIVE

The research objective was to assess the importance of Strix 
aluco as a reservoir and transmitter in the chosen biocenoses, 
as well as a potential health threat to workers of the forestry 
service, nature protection service and ornithologists 
occupationally exposed to epidemiologically-relevant 
Enterobacteriaceae strains, the synthesizing extended-
spectrum beta-lactamases.

MATERIALS AND METHOD

Using cloacal swabs, material for microbiological study 
was collected once from Strix aluco chicks in nest boxes 
hung at the turn of 2009–2010 within the project of 
active conservation of birds, commissioned by and with 
the permission of the Poleski National Park. E type nest 
boxes were hung which were designed mainly for this 
bird species and readily occupied by them [16]. Under 
laboratory conditions, bacteria proliferated on lysogeny 
broth LB medium (bioMerieux) which was subsequently 
synchronically transferred on to chromID ESBL medium 
(bioMerieux) [17] and SS (bioMerieux). After incubation 
on the selected media, bacterial colonies were selected for 
further identification and analysis. A whole collection of 
isolated strains underwent biochemical testing and each 
strain was identified by the API 20E commercial kit system 
(bioMerieux). Their susceptibility to chemotherapeutic 
agents was established using disc diffusion assay protocol 
with Mueller-Hinton agar (bioMerieux) and the application 
of plates. To determine the drug sensitivity of isolates, the 
following chemotherapeutics were used: ampicillin (AM 
concentration 10  µg/ml), streptomycin (S 10 MU) and 
gentamicin (GM 10 µg/ml). Additionally, tetracycline (TE 
30 MU), nitrofurantoin (FM 300 MU), chloramphenicol 
(C 30 µg/ml) and sulphonamides with trimethoprim (SXT 
1.25 + 23.75 µg/ml) were applied.

For testing the drug susceptibility of Enterobacteriaceae 
strain pool selected on the chromID ESBL medium, 
chemotherapeutics belonging to penicillins (ampicillin AM 
10 µg/ml), n fourth-generation cephalosporins(cefepime CPM 
30), cefamicins(cefoxitin FOX 30), monobactams(aztreonam 
ATM 30), carbapenems(imipenem IMI 10) and clavams 
(timentin TIM 85) were used. After incubation, the test 
results were interpreted according to the disc manufacturer̀ s 
instructions.

RESULTS AND DISCUSSION

Among the isolates recovered from the birds from all 
the research locations, 14 taxa were identified within the 
Enterobacteriaceae. The decreasing impact of anthropo-
pressure allowed the ordering of the research locations as 
follows: II, I and III, IV and V. The majority of taxa were 
identified at location II in Załucze – agrocenotic, while 7 taxa 
in location IV (far from the typical agrocenosis) and 7 in 
location V (a forest research site).

Citrobacter braaki was isolated from the birds from all the 
research locations, while Buttiauxella agrestis, Escherichia 
coli,Enterobacter cloacae and Proteus vulgaris – were isolated 
from 4 research sites (Tab. 1). Bacteria producing extended-

spectrum beta-lactamases falling within 6 taxa were selected 
using chromID ESBL medium. The strains showing this 
capability were recovered from birds at each research location, 
but there were different taxa, a maximum of 3, at locations 
I and II (Tab. 1).

Analyzing the Enterobacteriaceae pool obtained from 
all the birds, there was found to be an increasing drug 
sensitivity of strains to chosen chemotherapeutics, along 
with a decreasing anthropopressure degree at the research 
locations under study. The highest efficacy preventing growth 
of the studied isolates was demonstrated by sulphonamides, 
nitrofurantoin and tetracycline (Tab. 2).

Currently, one of the mechanisms of drug resistance 
in bacteria, the most substantial regarding clinical and 
epidemiological aspect, proved to be beta-lactamases with 
an extended spectrum of action [18, 19, 20]. Because of the 
expansiveness and anthropogenic stimulation of mutation, 
it is not surprising that strains capable of producing ESBL 
were isolated from wild animals. The most commonly found 
and described in literature ESBL-synthesizing strains are 
strains of Escherichia coli and Klebsiella pneumoniae [21, 22]. 
Presently, these strains are identified in numerous species 
of Enterobacteriaceaerods [23, 24], which is consistent with 
the obtained results.

Strains producing an extended-spectrum beta-lactamases 
degrade penicillin, including ampicillin, while under in vitro 
conditions partially-degraded cefepime which is a fourth-
generation cephalosporin. The studied isolates exhibited 
sensitivity or intermediate sensitivity to cephotoxin, 
imipenem and timentin, whereas most of them degraded 
aztreonam (Tab. 3). These results conform with the mechanism 
of extended-spectrum beta-lactamase action towards the 
selected chemotherapeutics. It is challenging to draw any 
conclusion on habitat differentiability on the grounds of a 
profile of resistance to beta-lactam drugs; however, it is a very 

Table 1.  Enterobacteriaceae taxa isolated from Strix aluco from 5 research 
sites, including ESBL synthesizing strains

Bacterial taxon Letter abbreviation LI LII LIII LIV LV

Aerobacter hydrophila Ah + - + - -

Buttiauxella agrestis Ba - + + + +

Citrobacter braakii Cb + +E +E + +E

Citrobacter freundii Cf +E - - +E +

Citrobacter koseri/amalonaticus Ck/a - - + - -

Citrobacter youngae Cy - + - + +

Escherichia coli Ec +E +E + + -

Enterobacter cloacae Ecl + + + + -

Enterobacter sacazakii Es - + - - -

Hafnia alvei Ha + - + - +

Klebsiella pneumoniae Kp - +E - - -

Proteus mirabilis Pm + + - - +

Proteus vulgaris Pv +E + - +E +

Salmonella arizonae Sa - - +E - -

E – there were isolated ESBL synthesizing strains, i.e. extended-spectrum β-lactamases

Location:
LI Channel of the Wola Wereszczyńska colony
LII Załucze Museum
LIII Wojciechów
LIV Wólka Wytycka
LV Lejno
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significant fact that wild animals harbour Enterobacteriaceae 
strains able to synthesize enzymes degrading this type of 
substances.

Apparently, this type of microbiological study of the 
environment concerns only preliminary phenotypic 
characteristics of bacterial strains; therefore, it is 
recommended to further pursue genetic identification of 
isolate phylogenesis. Earlier studies have indicated the 
possibility of Enterobacteriaceae transmission by land snails 
in their natural habitats [25]. Notably, the obtained research 
results have proved the possibility exists of signalling 
epidemiological threats by Strigiformes order birds that 
occupy habitats to various anthropopressure degrees.

CONCLUSIONS

The Strix aluco taxon under study is a reservoir and can be 
a vector transmitting Enterobacteriaceae bacteria which are 
potential pathogens for human and animals. The bacterial 
isolates were obtained from birds from the research locations 
of a varied anthropopressure degree.

Most bacterial strain species recovered from the 
gastrointestinal tract of the bird were of clinical and 
epidemiological importance, as contributing to nosocomial 
or community acquired infections. Identification of 
multiresistant isolates in the analyzed samples indicates an 
environmental regulation of resistance induction.

The application of chromID ESBL (bioMérieux) as a 
bacterial growth medium confirmed the presence of strains 
capable of generating ESBL resistance mechanisms, and 
allowed for preliminary identification of bacterial strains. 
Dissemination of strains producing extended-spectrum beta-
lactamases can also occur between different animal species 
in the environment, due to the localization of genes encoding 
their synthesis on conjugal plasmids.

An epidemiological role of bacterial strains isolated 
from  the bird gastrointestinal tract is associated with 
the pathogenic properties of these microorganisms and 
defence mechanisms of humans and animals exposed to 
them. The obtained results of the microbiological evaluation 
indicate the importance of the studies on the transfer of 
bacterial strains of potential clinical relevance in natural 
ecosystems.
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