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Resistance to antibiotics is well-known global phenomenon. There are places contributing to the development of antibiotic resis-
tance such as waste landfills, especially ones that accept medical waste which did not undergo disinfection and livestock waste with 
bacteria not sensitive to antibiotics. An extensive system of transfer of antibiotic resistant microorganisms is formed on these territories 
(zoochory, groundwater, transport etc.). The aim of the research was to determine the species composition of bacteria isolated from 
birds of Derhachi municipal solid waste landfills in Kharkiv city, Ukraine. Also, we determine the sensitivity of bacterial isolates to a 
number of standard antibiotic drugs. We collected droppings of feral pigeons (Columba livia Gmelin, 1789; Columbidae) and starlings 
(Sturnus vulgaris Linnaeus, 1758; Sturnidae) during the winter period in 2020/2021; both species are dominants of waste landfills. 
We isolated 15 bacteria species of 4 families by bacteriological methods (growing on simple and selective media and identification by 
biochemical properties): Enterobacteriaceae (Enterobacter asburiae, E. dissolvens, E. cancerogenus, E. cloacae, E. sakazakii, Escheri-
chia coli, Klebsiella terrigena, K. ornithinolytica, Citrobacter freundii, Proteus mirabilis), Yersiniaceae (Serratia ficaria, S. rubidaea, 
S. entomophila), Morganellaceae (Providencia stuartii) and Pseudomonadaceaе (Pseudomonas aeruginosa). Sensitivity was deter-
mined by the disk-diffusion method to 18 antibiotics. Ten isolates turned out to be multiresistant-resistant to three or more classes of 
antimicrobial drugs. A promising direction for future research is the determination of the pathogenicity of the isolates and checking the 
roles of birds of Derhachi solid waste landfills as reservoirs of pathogens. Currently, it can be assumed that large concentrations of 
synanthropic birds (especially those that forage on solid waste landfills) with a high probability are reservoirs of many bacteria, in par-
ticular those that have developed resistance to drugs.  

Keywords: synanthropic birds; birds as potential reservoirs of pathogens; zoochory; resistance to antibiotics; trophic connections.  

Introduction  
 

Rapid global population growth and urbanization have led to a signi-
ficant increase in the amount of municipal solid waste, which is not segre-
gated and is mainly sent to landfills for storage (Hussein et al., 2018). 
According to UN reports, waste production is expected to continue to 
increase to 6.1 million metric tons per day of solid household waste pro-
duction by 2025 (UN Environment Programme, 2017). Landfilling with-
out prior separation and depollution leads to soil and groundwater conta-
mination due to seepage of toxic leachate such as toxic organic pollutants, 
antibiotics, pharmaceuticals and personal care products and heavy metals 
too. The latter can penetrate during rain through disposable waste and 
contaminate soil and groundwater (Kwon et al., 2017; Yu et al., 2020). 

Solid waste landfills are characterized by higher temperature and ac-
cessible food waste, which is so attractive for different animal species. 
The aggregation of animals that often feed on waste definitely affects their 
biology, morbidity and transmission of infections to different settlements 
(Muzyka & Stegniy, 2012). Birds are dominants of solid waste landfills 
(Dementieieva, 2021). They can be potentially very dangerous to humans 
and animals by transmitting multi-resistant strains of microorganisms 
through faecal deposits which enter through the water etc. (Cunha et al., 
2019). Thus, investigation in Nebraska (USA) on the territories of solid and 
liquid municipal waste showed that significant contamination with antimi-
crobial-resistant bacteria and genes is common and they are from areas 
affected by animal husbandry and household waste (Agga et al., 2015). Due 

to the interaction of synanthropic birds with wild animals, natural foci of 
dangerous bacterial infections are formed (Muzyka, 2013; Mikheev, 
2018), the causative agents of which have resistance to many antibiotics 
and have significant genetic plasticity (Gljebova, 2014). At least 80 spe-
cies of wild animals have been identified, most of which are birds that 
carry the bacteria from the Enterobacteriaceae family. These bacteria 
produce mediated resistance that can be transmitted to farm animals and 
humans (Wang et al., 2017). The role of birds in the transmission of highly 
pathogenic avian influenza (flu) viruses (Shriner & Root, 2020) and sal-
monellosis (Salmonella spp.) (Martín-Maldonado et al., 2020) during 
migration has been proven. Wild birds and mammals can be key and 
important reservoir hosts and potential vectors for the spread of antibiotic-
resistant bacteria and genetic determinants (Carroll et al., 2015). The sear-
ching for food by birds among the waste leads to the transfer of antibiotic-
resistant Escherichia coli (Guenther et al., 2010; Höfle et al., 2020).  

Synanthropic birds also participate in the spreading of ornithosis 
(birds’ psittacosis) which is associated with an intracellular parasite of the 
family Chlamydiaceae Chlamydia psittaci (Stephens et al., 2009; Roma-
nyshyna & Skrypnyk, 2014). Meyer was the first who described two 
cases of human infection from synanthropic pigeons in 1941. Human 
infection usually occurs through direct contact with infected birds or aero-
genously, including inhalation of infected dust (Clayton & Price, 1999; 
Soroka & Sidorenko, 2013). The feral pigeon is often mentioned as a 
potential vector in disease transmission. Synanthropic pigeons gather in 
larger flocks, especially in garbage dumps (Muzyka & Stegniy, 2012; 
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Lyulin & Fedorova, 2016). Investigations of pigeons as vectors of patho-
gens, often enteropathogenic E. coli, confirm the importance of the issue 
of the danger of anthropogenic activity for birds and, as a result, for hu-
mans through avian transmitton of pathogens (de Oliveira et al., 2018; 
Panikar et al., 2018; Cunha et al., 2019). Starlings also often become ob-
jects of microbiological research as reservoirs of various kinds of antibio-
tic-resistant bacteria, especially E. coli (Colles et al., 2009; Kauffman & 
LeJeune, 2011). It is known that large flocks of these birds increase the 
risk of transmission of enteric diseases to farm animals, including wide-
spread E. coli O157:H7 on dairy farms (Colles et al., 2009; Kauffman & 
LeJeune, 2011; Swirski et al., 2013; Carlson et al., 2015; Cunha et al., 
2019; Carlson et al., 2020).  

It is well known that antibiotics are commonly used around the world 
in livestock farming or raising animals for the food industry. Manure from 
farm animals is used to produce humus, which can play a key role in the 
transfer of antibiotic-resistant bacteria to the natural environment. More-
over, birds that feed on animal corpses and predators can be directly ex-
posed to the action of active antibiotics when feeding on the remains of 
farm animals that end up in landfills (Blanco & Bautista, 2020). Therefore, 
the use of antimicrobials in animal husbandry is one of the reasons for the 
spread of antimicrobial resistance (AMR). Interactions between wildlife 
and livestock, acquisition of associated bacteria and AMR genes, and 
subsequent dispersal of wildlife across the landscape play important roles 
in AMR ecology. The investigation in the USA showed the priority of 
AMR phenotypes and genotypes E. coli isolated from the gastrointestinal 
tract of starlings and underlined multidrug resistance in the majority of 
E. coli isolates with most isolates showing resistance to six or more anti-
biotic classes (Chandler et al., 2020).  

The spreading of clinical antimicrobial resistance is a global problem. 
Antimicrobial-resistant infections affect humans especially because they 
challenge the treatment of infectious diseases, in particular through the 
emergence of resistant forms of E. coli worldwide (Wang et al., 2017). 
The role of opportunistic pathogens among the causative agents of infec-
tious diseases of birds is rapidly increasing. Such microorganisms, which 
most often circulate in various associations, lead to decrease in the body’s 
resistance. The human body’s resistance is sharply reduced compared to 
monoinfections, which negatively affects immunological reactivity. 
In such cases it becomes difficult to establish a diagnosis and timely im-
plementation of antiepizootic measures in poultry farms.There is an opi-
nion that the key focus of scientists on prevalence of pathogens likely 
overestimates the probability of transmission of enteric pathogen from 
wild birds to humans because in order to cause infection the pathogen 
should survive long enough at an infectious dose and simultaneously be a 
strain capable of colonizing humans. Moreover, most data have been 
obtained from common synanthropic bird species, for example pigeons 
and starlings. It is very important to take into account a complex of phe-
nomena such as duration and intensity of bacterial release and survival of 
bacteria in the external environment in bird feces (Wang et al., 2017). 
However, landfills are characterized by condition of unimpeded circula-
tion of bacterial contamination (Smith et al., 2020). The danger of solid 
waste landfills as a reservoir of pathogens has been of interest to resear-
chers since the end of the last century (Clayton & Price, 1999). The bacte-
ria-dispersing fauna include various insects and hundreds of bird species 
of terrestrial and wetland complexes, which during many years create a 
powerful base for the accumulation and transfer of bacteria (Rusev et al., 
2011). Derhachivskyi is one of the largest solid waste landfills in Kharkiv 
region, which receives waste from the administrative center – Kharkiv city 
(municipality). Avifauna of landfills is characterized of high diversity and 
consists of 72 species of birds from 25 families (Dementieieva, 2021). Our 
investigation of avifauna at the Derhachi landfill site showed that the feral 
pigeon (Columba livia) and starling (Sturnus vulgaris) are dominant spe-
cies. These synanthropic birds gather in the territories of urban landscapes, 
settlements and solid waste landfills and can represent a potential danger 
as sources of pathogens of infectious diseases (Muzyka & Stegniy, 2012). 
During daytime movements within a short distance these birds are able to 
visit poultry farms and settlements. During such regular movements from 
one object to another  the transmission of infectious agents becomes poss-
ible (Muzyka, 2013). Feral pigeons of Derhachi landfill form a stable 
group of approximately 300 individuals. It makes this species highly 

interesting for microbiological investigation into the presence of pathogens 
as potentially infection is associated with their being at the landfill. 
By contrast, starlings visit the territory of the landfill only in the winter 
period (from the last decade of November to the first decade of March) in 
groups of 35 to 1,000 individuals. The ecological features of this species 
are dynamically transformed. The data of past centuries showed that pre-
viously starlings did not spend the winter in Kharkiv region (Somov, 
1897; Gladkov & Rustamov, 1965). Birds started to overwinter on land-
fills because these places are characterized with a more comfortable mi-
croclimate during winter (higher temperature due to the decay of waste), 
which is confirmed by observations of communal roosting of starlings 
during winters in Kharkiv city (Brezgunova, 2013). Thus, this species is of 
great interest for investigation as a possible reservoir of pathogenic bacte-
ria. The aim of the study was to carry out bacteriological research of drop-
pings of starlings and pigeons on the territory of Derhachi landfill with 
isolation and identification of bacterial cultures, determination of their 
antibiotic resistance in order to prevent outbreaks of infectious diseases 
that can be spread to settlements and distributed among animals and 
people.  
 
Materials and methods  
 

During the winter period of 2019–2020 and 2020–2021 the investiga-
tion of the circulation of pathogens of bacterial diseases of feral pigeon and 
starling on the territory of the active solid waste landfill of Derhachi district 
and its surroundings was conducted. Bacteriological studies were carried 
out in the Department for the Study of Poultry Diseases of the National 
Scientific Center “Institute of Experimental and Clinical Veterinary Medi-
cine” in 2020–2021.  

For bacteriological studies, 10 samples of pigeon feces were taken in 
2020 and 20 samples each from pigeons and starlings in 2021. Biological 
material (feces) was collected in cryotubes with medium (Brain heart 
infusion broth, Sigma-Aldrich) with the addition of 15% glycerol. 
The samples were transported and stored in liquid nitrogen. In the labora-
tory the samples were stored at a temperature of minus 80 °C for future 
research. After thawing, the samples were cultured in liquid enrichment 
and selective nutrient media (buffered peptone water, lactose-peptone me-
dium) incubated in aerobic conditions at 37 ± 1 °C for 16–18 hours with 
subsequent transfer to dense differential-diagnostic media (Endo and 
Ploskirev’s media, nutrient agar, ISO 4730:2004, 2012).  

Biochemical properties of the isolated cultures were studied using a 
small variegated series; species identification was carried out by tests 
which were recommended in “Determinant of Berghi bacteria” (Hoult 
et al., 1997). Determination of the sensitivity of bacterial cultures to anti-
biotics was carried out by the disk diffusion method according to the ge-
nerally accepted method using a set of disks by “Himedia”: ampicillin 
10 mg, amoxiclav 10 mg, amoxicillin 10 mg, cefazolin 30 mg, cefepime 
30 mg, imipenem 10 mg, meropenem 10 mg, cefoperazone/sulbactam 
75/30 mg, aztreonam 30 mg, gentamicin 10 mg, amikacin 30 mg, cipro-
floxacin 5 mg, ofloxacin 5 mg, enrofloxacin 10 mg, doxycycline 30 mg, 
colistin 10 mg, chloramphenicol 30 mg.  
 
Results  
 

Based on the results of research on pigeon faecal samples collected in 
2020 it was established that the majority of isolated bacterial cultures 
(84.6%) belonged to the Enterobacteriaceae: E. coli (n = 6, 46.1% from all 
isolates), Enterobacter dissolvens (n = 4, 30.7%), Citrobacter freundii (n = 
1, 7.6%). The culture of Pseudomonas aeruginosa from family Pseudo-
monadaceae (n = 2, 15.4%). Our investigation of antibiotic resistance 
showed that 90.9% of the isolated cultures of bacteria from the Enterobac-
teriaceae were resistant to ampicillin, doxycycline, 81.8% – to cefazolin 
and 36.4% to colistin (Table 1). All isolates showed sensitivity to genta-
micin and chloramphenicol. The lowest sensitivity to drugs (up to 3–4 out 
of 6 studied) among cultures was determined in isolates of E. dissolvens 
and E. coli. Two isolates of P. aeruginosa from the Pseudomonadaceae 
were insensitive to carbapenems (Table 2).  

Our results which were based on material from pigeons in 2021 con-
firmed that most of the isolated cultures (80%) were bacteria from the 
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Enterobacteriaceae: Enterobacter spp. (n = 8, 40% of all isolates from 
pigeons), Klebsiella spp. (n = 4, 20%), E. coli (n = 4, 20%). But we have 
found some differences among cultures which have changed. Instead of 
P. aeruginosa from the family Pseudomonadaceae, pathogens from Yer-
siniaceae (Serratia ficaria (n = 1, 5%), S. rubidaea (n = 2, 10%)) and 
Morganellaceae (Providencia stuartii (n = 1, 5%)) were found (Table 3).  

Table 1  
Sensitivity of cultures Enterobacteriaceae  
isolated from pigeon to antibacterial drugs in 2020  

Antibiotic 

E. coli, n=6 E. dissolvens n=4 C. freundii n=1 

insen-
sitive 

mode-
rately 

sensitiv
e 

sensi-
tive 

insen-
sitive 

mode-
rately 

sensitiv
e 

sen-
sitive 

insen-
sitive 

mode-
rately 

sensitive 

sen-
sitiv

e 

Ampicillin 6 0 0 4 0 0 0 1 0 
Gentamicin 0 0 6 0 0 4 0 0 1 
Chloramphenicol 0 0 6 0 0 4 0 0 1 
Doxycycline 6 0 0 4 0 0 0 1 0 
Cefazolin 5 0 0 4 0 0 0 0 1 
Kolistyn 3 0 3 2 0 2 0 0 1 
 

Table 2  
Sensitivity of cultures P. аeruginosa (n = 2)  
isolated from pigeons to antibactibiotics in 2020  

Antibiotic Sensitive Insensitive 
Cefepime 2 0 
Imipenem 0 2 
Meropenem 0 2 
Gentamicin 2 0 
Amikacin 2 0 
Ciprofloxacin 2 0 
Cefoperazone/sulbactam 2 0 
 

Comparing the results of two stages of bacteriological researches of 
pigeon droppings, the following differences are visible. In 2020, we 
discovered 4 species of bacteria from the Enterobacteriaceae and 
Pseudomonadaceae families; in 2021 – 10 types of microorganisms from 
the families Enterobacteriaceae, Yersiniaceae and Morganellaceae. Isola-
tes of Enterobacter bacteria were detected both in 2020 (4 isolates, 30.7%) 
and in 2021 (8 isolates, 40.0%); E. coli was present in 6 samples (46.1%) 
in 2020 and in 4 samples (20.0%) in 2021. Bacteria from family 
Enterobacteriaceae: Enterobacter spp. (n = 11, 33.3%), C. freundii (n = 

2.6%), K. ornithinolytica (n = 5, 15.1%), E. coli (n = 1, 3.0%), P. mirabilis 
(n = 2, 6.0%); Yersiniaceae: Serratia entomophila (n = 2, 6.0%) were 
isolated from starlings in 2021. In addition to these findings P. aeruginosa 
cultures from the Pseudomonadaceae were isolated in 50% of the samples 
(n = 10, 30.3% of all isolates). In general, the species composition of 
bacterial isolates from the droppings of pigeons and starlings consisted of 
15 species from four families.  

Table 3  
Prevalence profile of isolated cultures from bird droppings in 2021  

Isolated cultures 

Isolated cultures  
from feral pigeons 

Isolated cultures  
from starlings 

number  
of isolates % number  

of isolates % 

P. aeruginosa 0   0 10 30.3 
Enterobacter cancerogenus 1   5 6 18.2 
Klebsiella ornithinolytica 2 10 5 15.2 
E. coli 4 20 1   3.0 
Enterobacter asburiae 4 20 0   0.0 
Е. sakazakii 0   0 4 12.1 
Enterobacter dissolvens 2 10 1   3.0 
Proteus mirabilis 0   0 2   6.1 
C. freundii 0   0 2   6.1 
Klebsiella  terrigena 2 10 0   0.0 
S. rubidaea 2 10 0   0.0 
P. stuartii 1   5 0   0.0 
S. ficaria 1   5 1   3.0 
S. entomophila 0   0 1   3.0 
Enterobacter cloacae 1   5 0   0.0 
 

We found out that 100% of isolates from pigeons from the Entero-
bacteriaceae family were resistant to ampicillin and amoxiclav, 87.5% to 
doxycycline, 50% to amoxicillin. An isolate of the Yersiniaceae family 
Serratia rubidaea had resistance to amoxiclav, amoxicillin, imipenem and 
doxycycline and up to 25% broad-spectrum antibiotic drugs in general. 
An isolate of the Morganellaceae family Providencia stuartii showed 
resistance to ampicillin, amoxiclav, cefepime and aztreonam (Table 4).  

Ten species of microorganisms (all from the Enterobacteriacea fami-
ly) from 33 isolates from starlings were tested for antimicrobial susceptibi-
lity. It was established that 100% of isolates were insensitive to ampicillin, 
90% to amoxiclav, 80% to amoxicillin and doxycycline, 60% to chloram-
phenicol and colistin. Such indicators of resistance to a number of 
antibiotics cause considerable concern (Table 5).  

Table 4  
Sensitivity of cultures isolated from feral pigeons to antibactics in 2021  

Antibiotics 
E. spp., n = 6 K.  ornithinolytica., n = 1 E. coli, n = 1 C. freundii, n = 1 P. mirabilis, n = 1 

insen-
sitive 

moderately 
sensitive 

sensi-
tive 

insen-
sitive 

moderately 
sensitive 

sensi-
tive 

insen-
sitive 

moderately 
sensitive 

sensi-
tive 

insen-
sitive 

moderately 
sensitive 

sensi-
tive 

insen-
sitive 

moderately 
sensitive 

sensi-
tive 

Ampicillin 6 0 0 1 0 0 1 0 0 1 0 0 1 0 0 
Amoxiclav 5 0 1 1 0 0 1 0 0 1 0 0 1 0 0 
Amoxicillin 4 1 1 1 0 0 1 0 1 1 0 0 1 0 0 
Cefepime 0 1 5 0 1 0 0 0 1 0 0 1 0 0 1 
Imipenem 3 0 3 0 0 1 0 0 1 0 1 0 0 0 1 
Meropenem 0 0 6 0 0 1 0 0 1 0 0 1 0 0 1 
Cefoperazone / 
Sulbactam 0 0 6 0 0 1 0 0 1 0 0 1 0 0 1 

Aztreonam 0 1 5 0 0 1 0 0 1 0 0 1 0 0 1 
Gentamicin 1 0 5 0 0 1 0 0 1 0 0 1 0 0 1 
Amikacin 1 0 5 0 0 1 0 0 1 0 0 1 0 0 1 
Ciprofloxacin 2 1 3 0 0 1 1 0 0 0 0 1 0 0 1 
Ofloxacin 3 0 3 0 0 1 1 0 0 0 0 1 0 1 0 
Enrofloxacin 2 0 4 0 0 1 1 0 0 0 0 1 0 0 1 
Doxycycline 5 0 1 1 0  1 0 0 0 1  1 0 0 
Colistin 4 0 2 0 0 1 1 0 0 0 0 1 1 0 0 
Chloramphenicol 4 0 2 0 0 1 1 0 0 0 0 1 1 0 0 
 

Discussion  
 

Pigeons are permanent residents of landfills and part of their avifauna, 
that is why they are constantly exposed to the direct and indirect influence 
of a specific ecological situation. Starlings visit the landfill periodically and 
in large flocks in accordance with the onset of cold weather. Our 
bacteriological research of droppings of pigeons and starlings and 

subsequent determination of the sensitivity of isolated cultures to antimic-
robial drugs showed that birds are carriers of microorganisms of the 
families Enterobacteriaceae, Yersiniaceae, Morganellaceae and Pseudo-
monadaceae. We found S. ficaria and S. rubidaea (Yersiniaceae). These 
two species were considered harmless environmental bacteria for a long 
time, until it was discovered that the most common species of this genus, 
Serratia marcescens, is one of the conditionally pathogenic microorga-
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nisms of many animals, including humans (Zon & Ivanovskaya, 2018). 
In humans these microorganisms are mainly associated with nosocomial 
infections, and can also cause urinary tract infections, pneumonia, and 
endocarditis. P. aeruginosa is a type of gram-negative motile rod-shaped 
bacteria. It can be present in water, soil and is conditionally pathogenic for 
humans. Treatment is complicated by its high natural resistance to 
antibiotics (Vorobyov & Bykov, 2003). This makes it particularly resistant 
even to large doses of antibiotics. A biofilm formed in this way, for 
example, protects the entire colony from the ingress of harmful 
substances, including antibiotics, which greatly complicates treatment.  

Enterobacteriaceae is a large family of bacteria that includes well-
known pathogens such as Salmonella, E. coli etc. Some members of the 
family are part of the normal intestinal microflora and can be found in the 
intestines of humans and many other animals, while others live in soil, 
water or can be found on various plants and animals. The best-studied 
bacterium E. coli was recorded during the study. It resides in the lower 
intestines of mammals, commonly known as intestinal flora (Gostev, 
2010). The presence of these species on the surface of water is a general 
indicator that water contaminated with feces.  

E. coli deserves special attention as the object of numerous studies in 
the world. Thus in Poland, separate smears of cloaca of mallard (Anas 
platyrhynchos) and European herring gull (Larus argentatus), as well as 
samples of other waterbird feces, were examined for E. coli content 
(2008–2009). E. coli isolates were tested for sensitivity to 12 antimicrobial 
agents by the disk diffusion method, as in our study. Nine quinolone-
resistant E. coli isolates with qnrS genes were found and characterized. 
Even if wild bird populations are not directly affected by antibiotic thera-
py, it was reported that antibiotic-resistant strains of E. coli, including 
strains with different resistance genes, are found in the feces of wild birds 
on the Baltic Sea coast. The isolates were resistant to ampicillin, amoxi-
cillin and ciprofloxacin, as in our studies. Moreover, in some cases, the 

isolates carried resistance genes. This indicates the deep penetration into 
ecosystems in particular through translocation by wild birds that feed on 
landfills (Literak et al., 2010; Handrova & Kmet, 2019). The numerous 
researches underline the important role of waste separation and mandatory 
composting of food waste, decontamination of medical and pharmaceuti-
cal, as well as livestock waste, chemical compounds of pesticides, hormo-
nes, flame retardant and plasticizers, with the purpose of reducing the 
supply of microbiological contamination of the environment and reducing 
of antibiotic resistance as well (Marcelino et al., 2019; García et al., 2020).  

Research evidence suggests that the biology and ecology of the host) 
including the level of anthropogenic influence on the territory where wild 
animals feed and rest, are among the key factors (Gljebova, 2014). Some 
of the main anthropogenic sources of AMR bacteria in the wild are 
landfills, insufficiently treated sewage flowing into rivers and lakes, and 
waste from livestock farms.  

The fact that municipal solid waste landfills are absolutely reservoirs 
of the uncontrolled development process of antibiotic resistance genes 
(ARG) is emphasized by specific studies at the Narman landfill (Turkey), 
where samples were taken not from birds but directly from the landfill’s 
waste. The results showed that the tested genes were detected in all landfill 
samples. Antibiotic-resistant bacteria were found in all areas of the landfill 
(mainly in waste of animal origin and clinical waste) as well as in the sur-
face of water of the streams near the landfill. As a result, the authors 
underline that birds, insects and other animals are responsible for trans-
mission (Hiltunen et al., 2017). Even if people control the medical use of 
antibiotics, we receive them including ARG from food, water and air. 
Currently, this system consists of the uncontrolled use of antibiotics in 
various economic sectors and medicine (microbiological contomination of 
the environment – the impact of the environment on a person). This pro-
blem should be solved because it threatens the medical achievements of 
the last century (Sivri et al., 2019).  

Table 5  
Sensitivity of cultures isolated from starlings to antibiotics in 2021  

Antibiotics 
E. coli, n = 3 K. spp., n = 3 E. spp., n = 2 P. stuartii, n = 1 S. rubidaea, n = 1 

insen-
sitive 

moderately 
sensitive 

sensi-
tive 

insen-
sitive 

moderately 
sensitive 

sensi-
tive 

insen-
sitive 

moderately 
sensitive 

sensi-
tive 

insen-
sitive 

moderately 
sensitive 

sensi-
tive 

insen-
sitive 

moderately 
sensitive 

sensi-
tive 

Ampicillin 3 0 0 3 0 0 2 0 0 1 0 0 0 0 1 
Amoxiclav 3 0 0 3 0 0 2 0 0 1 0 0 1 0 0 
Amoxicillin 3 0 0 0 3 0 1 0 1 0 0 1 1 0 0 
Cefepime 0 0 3 1 0 2 0 0 2 1 0 0 0 0 1 
Imipenem 1 0 2 3 0 0 1 1 0 1 0 0 1 0 0 
Meropenem 0 0 3 0 1 2 0 0 2 0 0 1 0 0 1 
Cefoperazone / 
Sulbactam 0 0 3 0 0 3 0 0 2 0 0 1 0 0 1 

Aztreonam 0 0 3 1 0 2 0 0 2 1 0 0 0 0 1 
Gentamicin 0 0 3 0 0 3 0 0 2 0 0 1 0 0 1 
Amikacin 0 0 3 1 0 2 0 0 2 0 0 1 0 0 1 
Ciprofloxacin 0 0 3 1 0 2 1 0 1 0 0 1 0 0 1 
Ofloxacin 0 0 3 0 1 2 1 0 1 0 0 1 0 0 1 
Enrofloxacin 0 0 3 0 0 3 1 0 1 0 0 1 0 0 1 
Doxycycline 3 0 0 2 0 1 2 0 0 0 0 1 1 0 0 
Colistin 0 0 3 0 0 3 0 0 2 0 0 1 0 0 1 
Chloramphenicol 1 0 2 0 0 3 0 0 2 0 0 1 1 0 0 
 
 

Another potentially dangerous fact was identified in China. The aim 
of investigation was detecting baseline natural variations in antibiotic 
resistance genes (ARGs) in soil without anthropogenic activity over 
decades. A total of 196 ARG subtypes were detected in soil and rhizo-
sphere. ARG diversity remained stable over 69 years, likely due to the 
alkaline pH of the soil rather than antibiotics. It is important that birds are 
given the key role in the increase in ARG after 86 years. It deserves 
special attention that ARG-containing pathogenic bacteria are transmitted 
by migratory birds to the territory with an 86-year history of soil formation 
near settlements. This study revealed slow changes in ARG as soil matu-
red without anthropogenic activity over decades (Torres et al., 2020).  

Another problem that has not received much attention by scientists is 
the combined effect of antibiotics and other compounds, such as heavy 
metals and biocides (present in the environment) on nature.  

Further research is needed to understand the role of wild birds and 
other animals in the transmission of clinically relevant resistant bacteria, 

bacterial genes and to assess the level of potential opportunities. Future 
research should focus on human-animal-environment interaction. It is 
clearly crucial to minimize the transmission of bacteria from livestock and 
humans to the environment. Proper waste management and decontami-
nation of medical, pharmaceutical, and other bacterially or chemically 
contaminated waste will help (Tang et al., 2021).  
 
Conclusion  
 

Our results showed that the birds of solid waste landfills especially 
their large flocks play an important ecological role in the epidemiological 
situation and can carry and transmit a wide range of antibiotic-resistant 
bacteria. Contamination of food or water by bird feces can serve as one of 
the routes of transmission of antibiotic-resistant pathogens to farm animals 
and humans. During our laboratory research in 2020 and 2021 (winter 
time) a total of 15 types of bacteria from 4 families were isolated from 
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pigeons and starlings that feed at the solid waste landfill in Kharkiv: 
Enterobacteriaceae (E. asburiae, E. coli, E. dissolvens, K. terrigena, K. or-
nithinolytica, E. cancerogenus, E. cloacae, E. sakazakii, C. freundii, 
P. mirabilis), Yersiniaceae (Serratia ficaria, S. rubidaea, S. entomophila), 
Morganellaceae (P. stuartii) and Pseudomonadaceaе (P. aeruginosa). 
Moreover, we found out that some of the cultures were multiresistant, 
although the birds did not receive antibiotics in nature.  

Of all 66 isolates from starlings and feral pigeons during the two parts 
of the research, 33 isolates were tested for sensitivity to antimicrobial 
drugs. The highest resistance was determined to ampicillin (penicillins) – 
87.9% (n = 29) and doxycycline (tetracyclines) – 78.8% (n = 26); 57.6% 
(n = 19) isolates were insensitive to amoxiclav (penicillins), 39.4% (n = 
13) and 36.4% (n = 12) to amoxicillin (penicillins) and imipenem (carba-
penems), respectively. We found that 10 isolates (all from Enterobacteria-
ceae) were multi-resistant/resistant to three or more classes of antibiotics. 
Such indicators of antimicrobial resistance to a number of antibacterial 
drugs cause great concern. Especially alarming is the fact that cultures 
from the Enterobacteriaceae, isolated from both species of birds, had 
absolute insensitivity to a number of drugs and a low threshold of reaction 
to others.  

Its important that the sampling of 2021 took place during severe 
frosts. However, this did not affect the results and did not destroy the 
pathogenic bacteria. A greater species diversity of microorganisms and 
their greater resistance to drugs were determined in bird droppings in 
2021. So large concentrations of synanthropic birds, and especially those 
that feed on solid waste landfills, are likely to be reservoirs and can trans-
mit many bacteria species including those that have developed resistance 
to antibiotics. This problem is about ecological awareness and conscientio-
us waste management. It is worth underling to the public the importance 
of taking antibiotics only according to the doctors’ recommendations and 
necessarily in compliance with the dose and course of treatment. The pro-
blems of waste management should be solved at the national level: 
landfilling and storage of waste in landfills and access to them by wild 
birds is one of the key factors in the evolution of antibiotic resistance in the 
world.  
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