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The purpose of our study was to investigate the prevalence of enteropathogenic (EPEC) and Shiga-
toxin-producing Escherichia coli (STEC) among companion birds in Tabriz, Iran. A total of 156
companion birds from 9 species were used for the study. Pooled samples were aseptically collected
from the digestive tract content, intestine, ovary, lung, liver, trachea, kidney, spleen and oviduct of
birds and were processed for E. coli isolation and identification following standard cultural and bio-
chemical methods. The E. coli strains were screened for eae, bfpA, stx and stxI genes by polymerase
chain reaction (PCR). Finally, histopathological examinations were performed on 120 samples. Esch-
erichia coli was detected in 103 samples indicating a prevalence of 66%. Out of 103 E. coli isolates,
15 and 3 were positive for eae and bfpA genes, respectively representing a prevalence of 14.6% for
EPEC. Additionally, stx and stx! were detected in 15 and 5 isolates respectively. No virulence factor
was detected in E. coli from house finches. Necropsy showed nonspecific changes, including swollen
and congested lungs, intestines, livers, kidneys and enlarged spleen. Histology revealed nonspecific
pathological lesions in the tissue sections. Our investigation has identified virulence factors in com-
panion birds in direct contact with people. In addition, the role of pet birds as potential reservoirs for
pathogenic E. coli in Tabriz was studied, revealing that these birds may pose a risk to human health.
Thus, considering more precautions are necessary to reduce the risk of transmitting these diseases.
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INTRODUCTION

E. coli consists of both harmless (non-pa- (Koochakzadeh et al., 2015). Shiga-toxin-
thogenic) intestinal inhabitants and disea- producing E. coli (STEC) and enteropa-
se-causing species (pathogenic). Though thogenic E. coli (EPEC) are two of the
most strains are non-pathogenic, some are most important pathogenic E. coli strains

causing diarrhaea and intestinal diseases in both humans and animals.
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EPEC strains present an outer mem-
brane adhesin protein called intimin which
is coded by eae genes and are able to in-
duce attaching and effacing (A/E) lesions
on epithelial cells in humans (Adu-Bobie
et al., 1998). Additionally, in the presence
of an adherence factor (EAF) plasmid,
they can also encode bundle-forming pili
(bfp). EPEC strains that possess the EAF
plasmid are classified as typical, whereas
those without the plasmid are categorised
as atypical (Cleary et al., 2004).

STEC contains Shiga toxin-producing
genes (stx) and is capable of inducing
diarrhaea in humans and some animal
species (Kobayashi et al., 2002; Ghaderi
et al., 2022). The ability of STEC to cause
severe diseases in humans is associated
with producing one or more shiga toxins
(stx1, stx2) which inhibit protein synthesis
in host cells and lead to cell damage
(Obrien et al., 1992). Although ruminants
are the most significant reservoirs of
STEC, other animals including cats, dogs
and pigs may also carry STEC strains
(Beutin ef al., 1995).

Wild bird populations involving mi-
gratory species can act as long-distance
carriers of a diverse range of microbes
that may be transmissible to humans
(Tsiodras et al., 2008). Several migratory
bird species serve as vectors for the
transmission of pathogenic E. coli strains
including EPEC and STEC (Seleem ef al.,
2021). In addition, it has been reported
that domestic poultry including chickens
and turkeys as well as companion birds
are able to harbour and transmit pathogen-
ic E. coli (Persad & Lejeune, 2014).
Moreover, bird-derived colibacillosis in
humans could be considered a public
health issue due to the high rate of peo-
ple’s contact with birds including wild
birds, companion birds and poultry.
Though the primary way of transmission

is faecal/oral, there is a chance that the E.
coli-contaminated poultry have served as
a reservoir of foodborne E. coli to trans-
mit to humans. Besides, bacteria contain-
ing plasmids carrying virulence and anti-
microbial resistance genes could be trans-
ferable to poultry farms or humans via
wild birds and food chains, respectively
(Boroomand & Faryabi, 2020).

Ascribed to the geographical distribu-
tion, migration characteristics and diversi-
ty of bird species, the role of various birds
in the transmission of EPEC and STEC
has not been well investigated. Further-
more, most of the companion birds kept
by humans are capable of serving as res-
ervoirs of these intestinal bacteria. There
is scarce data regarding the occurrence of
EPEC and STEC in companion birds of
Tabriz. Accordingly, the aim of the cur-
rent study was to investigate the preva-
lence these agents in Tabriz, Iran.

MATERIALS AND METHODS

Ethical statement

The bird handling procedures were ap-
proved by the Animal Experimentation
Committee of the University of Tabriz
(Approval Number IR. TABRIZU.
REC.1400.053).

Samples

In our investigation, a total of 156 com-
panion birds (32 samples were necrop-
sied) including common myna, psitta-
cines, domestic pigeon, domestic duck,
quail and finch listed separately in Table 1
were studied from January 2022 to Sep-
tember 2022. Among these, 70 samples
were obtained from apparently healthy
birds with no clinical signs of disease. The
remaining 86 samples were obtained from
birds showing clinical signs including
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Table 1. Number of studied companion bird species (total 156)

Is\alllrlnn:l):sr of Scientific name Common name

19 Psittacus erithacus African grey parrot

29 Nymphicus hollandicus Cockatiel

18 Acridotheres tristis Common myna

13 Coturnix coturnix Common quail

32 Columba liviadornestica Domestic pigeon

4 Ara chloropterus Green-winged macaw
Haemorhous mexicanus House finch
Psittacula krameri Rose-ringed parakeet

30 Agapornis roseicollis Rosy-faced lovebird

The identification of the birds has been done according to Badyaev et al. (2020), Collar et al.
(2020a,b), Collar & Boesman (2020), Kannan & James (2020), Lowther & Johnston (2020), Row-
ley & Kirwan (2020), Kirwan et al. (2023), McGowan et al. (2023).

lethargy, anorexia, and diarrhoea. The
birds originated from three sources: cases
referred to veterinary clinics, private
homes (where usually one or a few birds
were kept as single pets), and private col-
lections (where multiple birds of various
species were housed together). In order to
isolate E. coli, samples from the digestive
tract content, intestine, ovary, lung, liver,
trachea, kidney, spleen and oviduct of
birds were aseptically collected from nec-
ropsied birds. A portion of each organ was
cut and placed into a single sterile
microtube per bird as a pooled sam-
ple. For live birds, faecal samples were
collected using sterile swabs. The swabs
were transported to the bacteriology la-
boratory within 24 hours while maintain-
ing the cold chain. All samples were kept
in sterile microtubes at —20 °C until DNA
extraction.

Demographic analysis, inclusion criteria

Due to potential unreliability of owner-
provided data for bird species other than
pigeons, demographic comparisons were
performed exclusively on domestic pi-
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geons (Columba livia domestica) that
underwent necropsy (n=32). For these
pigeons, sex and age were confirmed dur-
ing necropsy based on the presence of
gonads (ovaries or testes) and general
physical maturity indicators. Age groups
were defined as mature (over six months)
and immature (under six months).

Isolation and identification of E. coli

Samples were cultured and E. coli was
isolated and identified following standard
bacteriological procedures as described by
Markey et al. (2013). Briefly, samples
were cultured on MacConkey agar
(HiMedia, India) at 37 °C for 24 hours.
Lactose-fermenting colonies were subcul-
tured on MacConkey and EMB agars
(HiMedia, India). Presumptive E. coli
colonies were confirmed using standard
biochemical tests including TSI, SIM,
MR-VP, urease, and Simmons’ citrate
tests. Confirmed isolates were stored in
tryptic soy broth (TSB) with 20% glycerol
at —70 °C until further use (Markey et al.,
2013).
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DNA extraction

DNA was extracted from verified colonies
cultured in Luria-Bertani (LB) medium,
using Gram-negative bacteria DNA ex-
traction kit (Cinnagen, Iran) and the pro-
cedures were performed based on the in-
structions provided by the manufacturer;
then, the extracted DNA was stored at
—20 °C until conducting the polymerase
chain reactions.

PCR primers

In order to identify stx and stx/ via PCR,
primers were used as described by
Koochakzadeh et al. (2015). Primers used
for eae and bfpA were according to Fagan
et al. (1999) and Helmy et al. (2013),
respectively. Primers were designed ex-
clusively using Fast PCR and Gene Run-
ner. All primers are listed in Table 2.

PCR assay

Uniplex and multiplex PCR was per-
formed to target and amplify stx, stx/, eae
and bfpA genes. The uniplex PCR reaction
mixture for eae and bfpA genes consisted
of 12.5 pL PCR master mix (Cinnagen,
Iran), 8.5 pL PCR grade double distilled
water, 1 plL forward primer (30 pmol), 1
pL reverse primer (30 pmol) and 2 pL
DNA with a total reaction volume of 25
pL for each reaction. For multiplex PCR
of stx genes, PCR reagents in a final vol-
ume of 25 pL included: 2 pL template
DNA, 1 pL (30 pmol) of each primer,
12.5 pL PCR master mix (Cinnagen,
Iran), 6.5 uL PCR grade double distilled
water. The amplification conditions were
carried out according to Koochekzadeh et
al. (2015), Fagan et al. (1999), and Helmy
et al. (2013). PCR reactions were con-
ducted using a S96 Thermal cycler (Quan-
ta biotech, US) PCR system; PCR prod-
ucts (8 uL) were analysed by gel electro-
phoresis in a 2% agarose gel with a 100

bp DNA ladder using a gel documentation
system (Nanolytik, Germany). All samples
were analysed in duplicate.

Histopathological examinations

Tissue samples including intestine, lung,
kidney, and liver were taken and fixed in
formalin for least 48 hours. Afterwards,
two longitudinal cuts of the intestine and
one transverse cut of other tissues were
processed routinely, embedded in paraf-
fin, sectioned, and stained using haema-
toxylin-eosin (H&E). The tissue sections
were studied by light microscopy (Olym-
pus CH-30, Japan) and evaluated for
histopathological lesions, including hy-
peraemia, haemorrhage, necrosis, and
inflammatory cell infiltration.

Data analysis

Non-parametric tests (Chi-square test of
independence) were used to determine the
relationship between the variables in pi-
geons. Percentages with a 95 confidence
level were used to indicate the prevalence
of virulence genes. The association of sex
and age with E. coli prevalence was ana-
lysed using Fisher’s exact test due to the
small sample size. A P-value < 0.05 was
considered statistically significant.

RESULTS

E. coli as confirmed by growth on
MacConkey medium and subsequent spe-
cific culture and biochemical identifica-
tion tests was found in a significant num-
ber of birds (103 of 156), indicating a
prevalence of 66%. The number of posi-
tive samples for each species is presented
separately in Table 3.

All isolated strains of E. coli were in-
vestigated using PCR (Fig. 1). Respective-
ly, out of 22 and 14 samples from love-
birds and common mynas, 4 isolates were
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Table 3. Escherichia coli isolation rates

Common name Number of Ngmber of Percentage
samples positive samples (95% CI)
African grey parrot 19 13 68.4 (36.4-117.0)
Cockatiel 29 15 51.7 (29.0-85.3)
Common myna 18 14 77.8 (42.5-130.5)
Common quail 13 9 69.2 (31.7-131.4)
Domestic pigeon 32 21 65.6 (40.6-100.3)
Green-winged macaw 4 3 75.0 (15.5-219.2)
House finch 5 3 60.0 (12.4-175.4)
Rose-ringed parakeet 6 3 50.0 (10.3-146.1)
Rosy-faced lovebird 30 22 73.3 (46.0-111.0)
Total 156 103 66.0 (53.9-80.1)
A B

Fig. 1. A. Gel electrophoresis results for bfpA positive isolates; B. Gel electrophoresis results related
to positive and negative samples for stx and stx/ genes in companion bird species (positive results
indicate STEC): M: Marker 100 bp; lanes 1, 2, 3 and 5: positive samples for both stx and stx/ genes,
lanes 4 and 6: positive samples for stx gene (no stx/), C+: positive control, C-: negative control. C.
Gel electrophoresis results for eae gene: M: Marker 100 bp, lanes 2 and 5: positive samples, C+:
positive control, lane 6: negative control.

positive for eae gene. Moreover, bfpA4 was bird, a common myna and an African grey
identified in 3 species, including a love parrot (Table 4).
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Shiga toxin (stx) gene was detected in
several bird species. The highest number
of positive isolates was found in common
mynas (4/14) and African gray parrots
(3/13). Among stx-positive samples, stx/
was detected in cockatiels, green-winged
macaws, and domestic pigeons, while it
was absent in the Rose-ringed parakeet,
African gray parrot, and common myna
(Table 4). Notably, no virulence genes
related to EPEC and STEC were identi-
fied in E. coli isolated from house finches.
However, one sample from each of com-
mon mynas, African gray parrots, and

green-winged macaws, was positive for
both stx and eae genes, and the sample
related to green-winged macaw was also
positive for stx1.

To have a more comprehensive insight
into the key findings of the study, all gath-
ered and analysed microbiological data
are presented in Fig. 2. This visual repre-
sentation provides a clear understanding
of the patterns observed throughout this
research and highlights the relationship
between isolate quantity and pathogenic
potential in the studied bird populations.
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Fig. 2. Dual-axis visualisation of virulence gene prevalence in E. coli isolates and total isolate counts
in bird species. The primary y-axis (left) illustrates the number of E. coli isolates harbouring specific
virulence genes (eae, bfpA, stx, and stxI) across bird species, represented by stacked bars. The second-
ary y-axis (right) displays the total number of E. coli isolates per species as a line graph.

Table 5. Demographic characteristics of pigeons with E. coli infection (n=32)

. Number of E. coli positive num-
Variable  Category pigeons ber (%) P value
Sex Male 16 11 (68.8%) 0.99
Female 16 10 (62.5%)
Age Mature (>6 months) 18 15 (83.3%) 0.04
Immature (<6 months) 14 6 (42.9%)
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Fig. 3. Domestic pigeons with molecular proof for E. coli infection. A. liver presenting necrotising
hepatitis with multifocal coagulative necrosis and mixed inflammatory cell infiltration (long arrows),
vascular congestion (short arrows), and bacterial colonisation (arrowhead). B. liver showing a granu-
loma (arrow) with multinuclear giant cells (arrowhead); C. small intestine demonstrating severe vas-
cular congestion (arrows); D. enteritis with mixed inflammatory cells (arrowheads) in the lamina
propria and villous fusion (arrows); E. lung showing pneumonia with severe pulmonary congestion
(arrow) and haemorrhage (arrowhead); F. kidney presenting nephritis with lymphoplasmacytic and
heterophilic infiltration (arrowhead), and focal haemorrhage (arrow). H&E; scale bars 200 um (A)

and 60 pm (B-F).

The effects of sex and age on the
prevalence of E. coli infection are shown
in Table 5. Given the limited sample size,
wide confidence intervals may be ob-
served, and findings should be interpreted

BIVM, xx, No %

with caution. There was no difference
between male and female pigeons in terms
of E. coli infection, but mature pigeons
are significantly more frequently infected
than immature pigeons.
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Necropsy showed nonspecific changes
in various organs of 21 positive samples
of the examined pigeons, which included
swollen and congested lungs, intestines,
livers, and kidneys. In the livers (21 out of
32), few to numerous greyish-pale points
were frequently observed. Of note, the
livers (21 out of 32) presented multifocal
randomly coagulative necrosis associated
with vascular and sinusoidal congestion,
lymphoplasmacytic and heterophilic infil-
tration, multiple granulomas with multi-
nuclear giant cells, and bacterial colonisa-
tion in the parenchyma. The spleen (17
out of 32) was enlarged and contained a
mass consistent with an abscess. Also,
airsacculitis (14 out of 32), peritonitis (11
out of 32), and salpingitis (9 out of 32)
were found in some examined birds. His-
tology revealed nonspecific pathological
lesions in the tissue sections. Mixed in-
flammatory cells infiltrated in the lamina
propria of the small intestine (enteritis)
(19 out of 32) associated with villous fu-
sion, vascular congestion and focal haem-
orrhage. There was marked vascular con-
gestion, haemorrhage, diffused inflamma-
tory cell infiltration, multiple granulomas,
and thickening of the alveolar septa in the
affected lungs (21 out of 32). In affected
kidneys (17 out of 32), there was nephritis
with multifocal infiltration of inflammato-
ry cells, moderate vascular congestion and
focal haemorrhage (Fig. 3).

DISCUSSION

Iran has great wildlife biodiversity, in-
cluding a vast variety of bird species. A
wide range of these birds are kept as pets
for entertainment. Our study analysed 9
species of birds for the presence of
diarrhoeagenic E. coli. As shown, the
prevalence of E. coli among different
birds was diverse; some species, including

10

common myna and rosy-faced lovebird,
exhibited a higher prevalence than others.
However, due to the small number of
birds from some species, achieving a bal-
anced sampling was somewhat compro-
mised. It has been shown in earlier inves-
tigations that molecular techniques were
effective for the diagnosis of the diar-
rhoeagenic E. coli pathotypes, identifying
captive birds infected by typical or atypi-
cal EPEC and STEC. The ETEC infection
of wild and pet birds in Iran was reported
previously in birds at 1.8% (Koochakza-
deh et al., 2015).

Zoonosis with a wildlife reservoir rep-
resents a global public health problem
(Fadel et al., 2017). Nielsen et al. (2004)
reported a frequency of 1.6% STEC-
positivity in wild birds. STEC strains have
only rarely been detected in wild birds in
other studies: e.g., in a study of 115 wild
birds in Finland, including 86 gulls and 29
pigeons, STEC was not detected in gulls,
and only a single pigeon isolate carried
stxyr (Kobayashi et al., 2002). A study on
migratory birds in Egypt showed that the
overall occurrence of STEC among the
examined migratory birds was 0.57%. The
occurrence among the examined ducks
reported by Beutin er al. (1995) was
0.48%, while STEC was detected only
among Anas crecca duck species with an
occurrence rate of 0.92%, such results
were lower than that obtained by Fadel et
al. (2017) in Egypt, who isolated STEC
with an occurrence rate of 10% among the
examined Anas crecca.

No significant difference in E. coli
prevalence was found between male and
female pigeons (P>0.05). However, ma-
ture pigeons showed significantly higher
prevalence (83.3%) than immature pi-
geons (42.9%; P=0.04). This age-related
difference may reflect longer environmen-
tal exposure to E. coli and age-associated
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changes in gut microbiota and immunity.
Due to the small sample size (n=32), wide
confidence intervals were observed, and
these results require validation in larger
cohorts. It should be noted that this study
did not aim to compare E. coli prevalence
or bacterial load between healthy and sick
birds. Therefore, no conclusions can be
drawn regarding the association between
clinical signs and E. coli infection status.

The presence of virulence-associated
genes in E. coli strains from pet birds
raises substantial concerns regarding zo-
onotic transmission. Similar concerns
have been expressed by Gioia-Di Chiac-
chio et al. (2016) concerning homogene-
ous virulence genes. Given that stx gene-
harbouring strains can cause severe dis-
eases in humans, including haemorrhagic
colitis and HUS, the development of pub-
lic awareness about this zoonotic risk is
essential (Saidenberg et al., 2012). More-
over, stx] gene detection in isolates from
green-winged macaws and cockatiels is
particularly concerning, as this gene is
associated with more severe forms of dis-
eases rather than other genes investigated
in this study (eae, bfpA). This highlights
the necessity of regular screening of pet
birds to mitigate the risk of zoonotic
transmission, mainly in households with
vulnerable individuals such as young chil-
dren, elderly, and immunocompromised
people. Additionally, in order to limit
transmission, precautions should be con-
sidered in human and pet bird interac-
tions, and exposure to the birds’ excre-
ments should be limited too (Persad &
Lejeune, 2014).

Bacterial infections may be primary or
secondary, and this differentiation is im-
portant for the evaluation of a disease
process. After becoming established,
many secondary invaders can maintain a
disease independent of other infectious
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agents or predisposing conditions (Saiden-
berg et al., 2012). The knowledge about
infectious diseases and microbiota in
companion birds is scarce. Health surveil-
lance surveys concentrating on these spe-
cies benefit captive bird’ survival. These
surveys facilitate the development of hus-
bandry practices, resulting in population
increases and stability. Although some
studies have been published involving
pathogenic E. coli detection in companion
species of birds, mainly Psittaciformes
and Columbiformes (Saidenberg et al.,
2013; Schmidt er al., 2000), it is still dif-
ficult to interpret the positive results
found in asymptomatic companion birds.

The role of E. coli as a commensal
member of the regular microbiota of heal-
thy companion birds with a regular diet
(grains, fruits, vegetables and sprouts) is
still controversial. Therefore, healthy
budgerigars (Melopsittacus undulates),
cockatiels (Nymphicus hollandicus) and
other companion birds should present an
intestinal microbiota composed mostly of
Gram-positive bacteria (Siqueira et al.,
2017).

In the current study, the obtained re-
sults demonstrated 66% E. coli isolation
rates (103 out of 156 bird samples) in the
companion birds which is higher than
those reported by Corréa et al. (2013),
and Lopes ef al. (2015) — 48% and 46.5%
respectively. The higher prevalence may
be explained by the high interaction of our
sampled birds with their owners or by bird
species-specific differences.

The high prevalence of E. coli demon-
strated in this study highlighted the im-
portance of birds as a reservoir and poten-
tial transmission of E. coli to humans,
especially in environments where these
birds are kept as pets. It is more important
with regard to susceptible individuals
which are more vulnerable to E. coli-
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associated opportunistic infections. These
facts highlight the importance of monitor-
ing as well as efforts needed to mitigate E.
coli contamination in avian populations,
particularly species that are commonly
kept as pets, including cockatiels and
lovebirds.

However, the results of our study also
underline the differences in the prevalence
of E. coli among different bird species.
For instance, lovebirds, cockatiels, and
domestic pigeons showed a high preva-
lence of E. coli isolates. These differences
in the isolation rates of E. coli could ema-
nate from differences in habitat, diet, or
behaviour. Conversely, some species,
such as house finches, exhibited a lower
prevalence, which may reflect differences
in environmental exposure or immune
responses. Besides, the study conducted
by Jakaria ef al. (2012) focused on healthy
chickens in Bangladesh reported a higher
prevalence of E. coli, reaching 78.8%.
The higher prevalence rates reported in
farm birds could be because of polluted
water sources and high stocking density
living conditions.

In our study, the eae gene was detect-
ed in isolates sampled from most species,
including lovebirds, cockatiels, gray par-
rots, and common mynas. The prevalence
of eae gene was 14.5% which is similar to
the results reported by Ziauddini et al.
(2020) in pscittacines. The identification
of the eae gene indicates that these bird
species may serve as reservoirs for strains
associated with enteric diseases in hu-
mans, a finding also supported by Ahmed
et al. (2021) in their study on pet birds.

However, the bfpA gene, which en-
codes the bundle-forming pilus, exhibited
a low detection rate of just 2.9% across
the analysed isolates. This observation
was derived from the identification of the
gene in one isolate each from lovebirds,
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gray parrots, and common mynas. Our
finding is similar to the result of the study
conducted by Schremmer et al. (1999)
which indicated a prevalence of 3.8 % for
the bfp gene in isolated E. coli strains
from Psittaciformes. Our investigation
indicated that while the bfpA genes may
be detected in EPEC strains which are
present in birds, they may not be as wide-
spread as the eae gene. Despite the low
prevalence of the bfp gene, its presence in
species that are frequently kept as pets
requires attention, as these birds could
serve as reservoirs for pathogenic EPEC
strains, too.

Shiga toxin-producing bacterial infec-
tion is a major health concern even in de-
veloped countries (Amani et al., 2015;
Bonyadian ef al., 2021). The results of the
current study revealed a 14.5% (15/103)
prevalence of STEC in pet birds in Iran.
The documented data indicate a lower
incidence of STEC than that presented by
Gioia-Di Chiacchio et al. (2016) in pet
birds in Brazil. Nevertheless, the current
status requires attention as the s#x and stx/
genes encode Shiga toxins which can
cause severe illnesses such as haemolytic
uremic syndrome (HUS) in humans. The
detection of these genes in companion
birds including pigeons, mynas and par-
rots, is concerning, as it implies that these
species may harbour E. coli strains with
the potential to cause serious disease in
humans. The identification of stx/ along-
side stx in several isolates further empha-
sises the pathogenic potential of these
strains.

Interestingly, no virulence genes were
found in E. coli isolates from house finch-
es. It may signify that bird species do not
have equal potential to carry pathogenic
E. coli strains. Also, it may imply that
differences in diet, environment, or im-
mune response may be critical factors.
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This finding highlights the importance of
further species-specific studies to obtain a
better understanding of the factors that
influence the presence of virulence genes
in avian populations.

Pathological studies revealed predom-
inantly necrotising hepatitis, enteritis,
pneumonia, and nephritis with acute vas-
cular congestion, focal haemorrhage, and
various levels of inflammation in the ex-
amined tissue sections. There were multi-
ple coli-granulomas in the livers and
lungs. Of note, marked lesions are fre-
quently noted in the affected liver and
intestine. In this regard, previous studies
isolated E. coli from several organs and
lesions in pet psittacines (Siqueira et al.,
2017) and captive budgerigars (Seeley et
al., 2014) with nonspecific clinical and
pathological lesions, similar to the pre-
sented findings. Additionally, similar
pathological changes related to the E. coli
infection have been reported in the
proventriculus  (proventriculitis), heart
(pericarditis and myocarditis), spleen
(splenitis), and brain (encephalitis) (See-
ley et al., 2014; Siqueira et al., 2017).

Future research should aim to expand
the scope of the study to include a broader
range of species, particularly wild birds
with a great potential for contact with hu-
man populations. This would provide a
more comprehensive understanding of the
prevalence of E. coli and virulence genes
in avian populations. In addition, the role
of environmental factors, such as diet,
habitat, and behaviour which may influ-
ence the presence of E. coli in birds
should be regarded in prospective investi-
gations. Further studies should also ex-
plore the transmission mechanisms of E.
coli from birds to humans and vice versa.
Ultimately, based on our results, it seems
the prevalence of stx2 is higher than that
of stxI among the studied species, which
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reveals that it is highly important to con-
sider the detection of the stx2 gene in fu-
ture investigations.

CONCLUSIONS

Since companion birds are in direct con-
tact with humans, they may serve as reser-
voirs of pathogenic E. coli and can cause
illness in people. Given the identification
of virulence factors intimin, bfpA, stx, and
stxl in pet bird isolates, it is necessary to
take more precautions, especially in asso-
ciation with children, elderly and immu-
nodeficient people, to reduce the risk of
transmitting diseases from companion
birds.
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