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ABSTRACT Enterococcus faecalis, a nosocomial pathogen adept at acquiring virulence
and resistance genes, may be silently carried by ornamental birds in proximity to
humans, posing a health risk. Two hundred ornamental bird samples (feces = 120,
cage feed = 60, and store feed = 20) were collected and processed to detect E. faecalis
isolates and determine their biofilm-forming capabilities, virulence, and antimicrobial
resistance profiles. In PCR, 44 (22%) samples were found positive for E. faecalis, with
the highest occurrence in cage feed samples (18/60), followed by feces (25/120) and
stored feed (1/20) samples. Among them, nine E. faecalis isolates were determined as
strong, 23 were intermediate, and 12 were non-biofilm formers in the Congo Red Agar
test. Most isolates carried the following tested virulence genes: gelE (95.5%), fsrC (93.2%),
ace (90.9%), sprE (88.6%), fsrB (88.64%), fsrA (81.8%), pil (79.5%), agg (72.7%), and cy/
(31.8%). Thirteen E. faecalis isolates (29.54%) were phenotypically multidrug-resistant
(MDR), including resistance to the reserve group (fosfomycin, 4.5% and linezolid, 11.4%),
watch group (vancomycin, 2.3%; ciprofloxacin, 4.5%; and rifampicin, 29.5%), and active
group (ampicillin, 100%, erythromycin, 29.5%, and tetracycline, 27.3%). Moreover, all the
ampicillin-resistant E. faecalis isolates harbored blatgy, and 81.8% of tetracycline-resist-
ant isolates contained tetA resistance genes. The multiple antibiotic resistance indices
of MDR isolates ranged from 0.27 to 0.64. Our findings indicate that ornamental birds
and their associated feed can harbor E. faecalis with virulence and resistance genes,
highlighting the urgent need for strict monitoring, responsible antibiotic use, and
improved hygiene to minimize antimicrobial resistance.

IMPORTANCE Ornamental birds are increasingly popular as pets and companions;
however, their role in the spread of antibiotic-resistant and virulent bacteria remains
poorly understood. This study reveals that Enterococcus faecalis, a bacterium commonly
associated with hospital-acquired infections, can be found in ornamental birds and their
feed in Bangladesh. Many of the detected strains carried genes that make them more
harmful to humans and resistant to multiple antibiotics, including those considered
last-resort treatments. These findings are significant because ornamental birds often live
in close contact with humans, creating potential pathways for bacterial transmission. The
results underscore the need for improved hygiene, responsible antibiotic use in animal
husbandry, and regular monitoring of antimicrobial resistance in non-traditional animal
species. This research provides crucial insights for public health, particularly in regions
where ornamental bird keeping is prevalent but often lacks regulation for microbial
safety.
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nterococci are gram-positive, facultative anaerobic bacteria with a wide geographic

distribution (1). They are among the most prevalent organisms in the gastrointestinal
tracts of birds and mammals and are routinely recovered from a variety of human
infections, including burn wounds, bacteremia, endocarditis, and urinary tract infections,
underscoring their clinical importance (2). Within a genus comprising numerous species,
Enterococcus faecalis and Enterococcus faecium remain the most intensively studied.
Enterococcus faecalis is frequently implicated in endodontic and other odontogenic
infections (3), whereas E. faecium belongs to the "ESKAPE" pathogens (E. faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter spp.), which are responsible for a large proportion of
nosocomial infections and are singled out by the World Health Organization (WHO) as
priority organisms for new antimicrobials because of their capacity to evade conven-
tional drugs (4).

Ornamental birds rank as the third most common companion animal after dogs
and cats, living in close contact with humans (5). Caged birds are dominated by two
orders, Psittaciformes (parrots, parakeets, and lovebirds) and Passeriformes (finches and
canaries) (6); yet only a handful of studies have examined enterococcal carriage in these
species (7-10). For example, Soares et al. (9) reported a high prevalence of E. faecalis in
pet-bird feed. Because E. faecalis can transmit bidirectionally between birds and people,
its presence in ornamental birds represents a potential zoonotic risk.

Companion birds have emerged as reservoirs of antibiotic-resistant microorgan-
isms (11). In Enterococcus, a rich repertoire of mobile genetic elements, for exam-
ple, conjugative plasmids, pheromone-responsive plasmids, integrative conjugative
elements, and prophages, facilitates inter- and intraspecies gene exchange, blurring
the line between commensal and pathogenic species (10). Antimicrobial resistance
(AMR) in E. faecalis has increased sharply since 2000 (12). Antimicrobial resistance in
Enterococcus species has become a widespread concern worldwide, with increasing
reports of resistance to multiple antibiotic classes, including glycopeptides, penicillins,
carbapenems, fluoroquinolones, aminoglycosides, amphenicols, tetracyclines, rifamycins,
and others (13). These patterns contribute to the frequent emergence of multidrug-
resistant (MDR) strains in diverse ecological niches, including animals, the environment,
and human clinical settings. Moreover, biofilm formation magnifies both virulence
and resistance, driven by genes and other microbial surface components recogniz-
ing adhesive matrix molecules (14). Several virulence genes encode factors involved
in adhesion (ace, agg), biofilm formation (gelE, fsrA/B/C), immune evasion (sprE), or
cytotoxicity (cyl) (15), suggesting a well-equipped arsenal for host colonization and
infection. Strong biofilm-forming isolates exhibited a higher frequency of agg, sprE, fsrC,
and gelE, all of which have been previously linked to the biofilm matrix structure and
quorum sensing. The fsr quorum-sensing system is known to regulate the expression
of gelatinase (gelE) and serine protease (sprE), both critical to biofilm maturation and
dispersal. Thus, the co-occurrence of these genes in strong biofilm formers may reflect
an integrated regulatory mechanism that enhances environmental adaptability and
persistence (16). This capacity for resistance and biofilm formation not only complicates
treatment but also poses a significant public health concern, given the potential for
transmission of resistant and biofilm-forming strains between animals, humans, and the
environment.

Enterococci have been reported in fish, migrating birds, shellfish, wild animals, and
dairy animals in Bangladesh (17-21), but the virulence and AMR traits of E. faecalis
from ornamental birds remain uncharacterized. The ornamental-bird sector is expanding
in major cities in Bangladesh (22); however, no data exist on the virulence and AMR
patterns of E. faecalis carried by these birds. This gap is noteworthy because clini-
cally important vancomycin-resistant enterococci (VRE) have been identified in clinical
settings (23), and there is limited regulatory oversight of antimicrobial use in the animal
sector, including companion birds (24). This study, therefore, aimed to determine the
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prevalence, virulence-gene profile, and antibiotic susceptibility of E. faecalis isolated from
ornamental birds to clarify their potential role in enterococcal dissemination.

MATERIALS AND METHODS
Sample collection and processing

Two hundred samples were collected from various bird species in retail bird stores across
different areas of Mymensingh Sadar Upazila, Bangladesh. These samples included 120
fecal samples, 60 cage feed samples, and 20 store feed samples. In the study, the
most common species were budgerigar (Melopsittacus undulatus), cockatiel (Nymphicus
hollandicus), Java sparrow (Lonchura oryzivora), finch (Chlorophonia pyrrhophry), diamond
dove (Geopelia cuneata), pigeon (Columba livia), parrot (Psittacula eupatria), love bird
(Agapornis fischeri), conure (Pyrrhura molinae), and munia (Lonchura punctulata). Samples
were collected from 20 bird stores, selecting three cages per store to obtain two fecal
and one cage feed sample per cage, along with one stored feed sample from each store.
Fecal samples were obtained by gently swirling a sterile cotton swab in fresh fecal matter,
then transferring the swab into sterile, zip-locked bags labeled with unique identification
codes. Cage feed samples (5 g each) were aseptically collected using sterile scoops from
feeders within individual cages. Store feed samples were obtained as composite samples
from bulk storage containers or feed bags using sterile techniques, and all samples were
transferred to sterile, labeled bags for transport. By maintaining a cool chain, all the
collected samples were immediately transferred to the Department of Microbiology and
Hygiene laboratory at Bangladesh Agricultural University, Mymensingh. Each sample,
containing a sterile cotton swab and 1 g of each feed sample, was individually inoculated
into 5 mL of sterile nutrient broth (HiMedia, India) and incubated overnight at 37°Cin a
shaker incubator to facilitate bacterial enrichment.

Isolation and molecular identification of E. faecalis

A loopful of the cultured sample was streaked onto an Enterococcus agar base (EAB)
plate (HiMedia, Mumbai, Maharashtra, India) and then incubated for 24 h at 37°C. Colony
characteristics on EAB plates (white or pink), staining, and biochemical features (positive
for pyrrolidonyl aminopeptidase and negative for catalase) were used to isolate E. faecalis
(25). Isolates were stored in 50% glycerol for further testing. For molecular detection,
the genomic DNA was extracted by the boiling method as described earlier (26). The
polymerase chain reaction (PCR) was performed to detect the presence of E. faecalis
using primers targeting the ddlIg fgecalis gene (Table S1). PCR-positive controls consisted
of E. faecalis genomic DNA previously confirmed (17) to carry the target genes, whereas
negative controls were prepared using non-template reactions, replacing genomic DNA
with sterile phosphate-buffered solution (PBS) to detect any potential contamination.
One isolate was selected from each sample for PCR analysis.

The biofilm-forming ability of E. faecalis

The Congo Red (CR) agar test was used to qualitatively assess the biofilm development
in E. faecalis isolates. In the CR test, isolates exhibiting dry, filamentous, crusty black
colonies were classified as strong biofilm producers; those forming pink colonies with a
dark center were considered intermediate producers; whereas isolates displaying smooth
pink colonies were categorized as non-biofilm producers (27, 28).

Detection of virulence genes

The presence of virulence-associated genes in E. faecalis, such as pil, ace, agg, fsrA, fsrB,
fsrC, gelE, sprE, and cyl, was determined using a simplex PCR assay (Table S1). Further-
more, the PCR-positive controls contained E. faecalis genomic DNA that had previously
tested positive for the particular virulence genes (29). Genomic DNA was substituted
with PBS, whereas non-DNA templates served as PCR-negative controls.
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Antibiotic susceptibility testing

Antibiotic susceptibility of E. faecalis isolates was assessed using the disk diffusion
method (30) in accordance with the 2024 Clinical and Laboratory Standards Institute
(CLSI) guidelines (31). A sterile 0.85% normal saline solution was prepared, and following
24 h incubation at 37°C, 2-3 bacterial colonies were suspended in the saline and
adjusted to a turbidity equivalent to 0.5 McFarland standard. Sterile cotton swabs
were then used to spread the bacterial inoculum onto Mueller-Hinton agar plates.
Subsequently, the agar plates were treated with specific antibiotics. Eleven commonly
accessible antibiotics from 10 different antibiotic groups were selected, with considera-
tion given to the World Health Organization’s (WHO) Access, Watch, and Reserve (AWaRe)
classification. Isolates that demonstrated resistance to at least three antibiotic classes
were classified as multidrug-resistant (MIDR) (32). The multiple antibiotic resistance (MAR)
indices were determined by using the following formula (33):

MAR index = the count of antibiotics to which an isolates showed resistance
- the total number of antibiotics employed in this study

Genotypic analysis of antimicrobial resistance gene detection was performed to
identify the ampicillin-resistant gene, blargy, and the tetracycline-resistant gene, tetA,
using the method described in Table S1.

Statistical analysis

The investigation’s data were entered into Excel 365 (Microsoft/Office 365, Redmond, WA,
USA) and then exported to SPSS v.25.0 (IBM, Chicago, IL, USA) and GraphPad Prism v.8.4.2
(San Diego, CA, USA) for analysis. Descriptive analysis determined E. faecalis-associated
prevalence, with a binomial 95% confidence interval (Clgs) computed using GraphPad
Prism. The x* test was used to identify statistical differences in isolate frequencies
and relationships between antibiotic resistance, virulence genes, and biofilm formation.
A statistically significant P-value was < 0.05. Bivariate analysis in SPSS was used to
determine the relationships between antibiotic resistance and virulence genes found in
isolates of E. faecalis.

RESULTS

Prevalence of E. faecalis

Out of 200 samples, 44 (22%) samples were found positive in PCR. The highest preva-
lence was found in cage feed samples (30%) compared with feces (20.8%) and stored
feed samples (5%) (P > 0.05) (Table 1).

Prevalence of biofilm formation in E. faecalis isolates

In the CR agar test, 20.5% (9/44) of isolates were found to be strong biofilm producers.
The highest (52.3%) number of isolates was found to be intermediate biofilm produc-
ers (23/44), followed by non-biofilm producers (27.2%, 12/44) (Table 2). There was a
statistically significant variance in the frequencies of strong, moderate, and non-biofilm-
producing E. faecalis isolates (Table 2).

TABLE 1 Prevalence of E. faecalis isolated from ornamental birds in Mymensingh Sadar, Bangladesh”

Type of samples (N) n (%) [Clgs] P-value
Feces (120) 25(20.8) [14.5-28.9] 0.058
Cage feed (60) 18 (30) [19.9-42.5]

Stored feed (20) 1 (5) [0.8-23.6]

Total (200) 44 (22) [16.8-28.2]

N = category-wise sample number, n = number of sample-wise positive isolates, and Clgs = confidence interval at
959%.
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TABLE 2 Occurrence of biofilm-forming E. faecalis isolated from ornamental birds in Mymensingh Sadar,
Bangladesh®

Nature of biofilm  Occurrence of biofilm formers, n° (%) (N = 44) Clos P-value
Strong 9°(20.4) 11.15-34.5 0.004
Intermediate 23°(52.3) 37.94-66.25

Weak 127(27.3) 16.35-41.85

%Values with different s superscripts (a or b) differ significantly (P < 0.05). N = total number of isolates sampled by
category, n = number of isolates positive for the category, and Clgs = confidence interval at 95%.

Virulence genes detection

Nine virulence genes were identified across 44 PCR-positive E. faecalis isolates, with most
isolates carrying multiple genes. The most frequently detected virulence genes were
gelE (95.5%; 42/44), fsrC (93.2%; 41/44), and ace (90.9%; 40/44), followed by sprE and
fsrB (88.6% each), fsrA (81.8%), pil (79.5%), and agg (72.7%), whereas cyl was the least
prevalent (31.8%; 14/44).

In bivariate analysis, positive and strongly significant correlations were found in the
presence of virulence genes agg and cyl (Spearman correlation coefficient, p = 0.418),
sprE and fsrC (p = 0.471), and sprE and ace (p = 0.385) in E. faecalis isolates. Moreover,
moderate-to-low positive and significant correlations were determined between the
presence of virulence genes fsrA and fsrC (p = 0.340), fsrB and sprE (p = 0.323) in E. faecalis
isolates (Table S2).

Regarding biofilm production, strong biofilm former isolates had higher levels of
agg, fsrC, gelE, and sprE genes (100%), whereas intermediate biofilm former isolates had
higher levels of ace (95.7%), fsrC and gelE (91.3%), and sprE and fsrA (87%) (Table 3).

Antibiotic resistance profiles of E. faecalis

Antibiogram analysis of E. faecalis isolates (N = 44) revealed that within the WHO Access
antibiotic group, all isolates were phenotypically resistant to ampicillin, 29.5% were
resistant to erythromycin, and 27.3% were resistant to tetracycline; within the Watch
group, 29.5% were resistant to rifampicin, 4.5% were resistant to ciprofloxacin, and
2.3% were resistant to vancomycin; and within the Reserve group of antibiotics, 11.4%
were resistant to linezolid and 4.5% were resistant to fosfomycin. Moreover, all the
ampicillin-resistant isolates contained the resistance gene blatgy (44/44), and 81.81% of
the tetracycline-resistant isolates had the tetA gene (9/11).

Statistical bivariate analysis revealed that the antibiotic-resistant isolates examined in
this study exhibited significant correlations with one another. There was a positive link
between the resistance patterns of vancomycin and linezolid (p = 0.426), erythromycin
and linezolid (p = 0.396), vancomycin and nitrofurantoin (p = 0.564), erythromycin and

Microbiology Spectrum

TABLE 3 Association in the presence of virulence genes and determination of biofilm formation in E. faecalis (n = 44) isolated from ornamental birds’ samples in

Mymensingh Sadar, Bangladesh®

Virulence gene names Virulence in different degrees of biofilm formation Total no. (%) of positive isolates  P-value
No. (%) of strong No. (%) of intermediate  No. (%) of non-biofilm [Clgs]
biofilm former (N=9) biofilm former (N=23) former(N=12)
ace 7(77.8) 22(95.7) 11(91.7) 0(90.9) [78.84-97.47] 0.285
agg 9(100) 14 (60.9) 9(75) 2(72.7) [58.15-83.65] 0.081
cyl 3(333) 5(21.7) 6 (50) 4 (31.8) [20-46.56] 0.233
fsrA 7(77.8) 20 (87.0) 9(75) 6 (81.8) [68.04-90.49] 0.643
fsrB 8(88.9) 19 (82.6) 12 (100) 9 (88.6) [76.02-95.05] 0.306
fsrC 9(100) 21(91.3) 11(91.7) 1(93.2) [81.77-97.65] 0.661
gelE 9(100) 21(91.3) 12 (100) 2 (95.5) [84.87-98.74] 0.384
pil 6 (66.7) 17 (73.9) 12 (100) 5(79.5) [65.5-88.85] 0.108
sprE 9(100) 20 (87) 10 (83.3) 9 (88.6) [76.02-95.05] 0.460

N = total number of isolates tested, and Clgs = confidence interval at 95%.
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TABLE 4 Relationship between biofilm production and antibiotic resistance patterns in E. faecalis isolated from ornamental birds in Mymensingh Sadar,

Bangladesh®
Antibiotics Biofilm formation level Total no. (%) of resistant isolates P-value
No.’ of strong biofilm  No.® (%) of intermediate No.’ (%) of non-biofilm [Clgs] (N = 44)
former (N=9) biofilm former (N = 23) former (N=12)
AMP 9% (100) 237(100) 12°(100) 44 (100) [91.97-100] NA
VAN 17(11.1) 0°(0) 0°(0) 1(2.3)[0.40-11.81] 0.137
CIP 17(11.1) 1°(4.3) 0° (0) 2 (4.5)[1.25-15.13] 0.480
C 0°(0) 2°(8.7) 0°(0) 2(4.5)[1.25-15.13] 0.384
TE 3°(33.3) 9%(39.1) 0°(0) 12 (27.3) [16.35-41.85] 0.043
TEC 07 (0) 0% (0) 07(0) 0(0) [0-8.03] NA
E 3%(33.3) 7% (30.4) 3%(25) 13 (29.5) [18.16-44.22] 0.909
RA 17(11.1) 8°(34.8) 4°(33.3) 13 (29.5) [18.16-44.22] 0.396
LNZ 17(11.1) 2°(8.7) 2°(16.7) 5(11.4) [4.95-23.98] 0.780
FOS 17(11.1) 1°(4.3) 0°(00) 2(4.5)[1.25-15.13] 0.480
NIT 1°(11.1) 2°8.7) 0% (00) 3(6.8) [2.34-18.23] 0.531

%alues with different s superscripts (a or b) differ significantly (P < 0.05). N = total number of isolates sampled, Clgs = confidence interval at 95%, AMP = ampicillin, CIP =
ciprofloxacin, C = chloramphenicol, E = erythromycin, LEV = levofloxacin, LZD = linezolid, NIT = nitrofurantoin, RA = rifampin, TE = tetracycline, TEC = teicoplanin, and VAN =

vancomycin.

nitrofurantoin (p = 0.418), vancomycin and fosfomycin (p = 0.699), chloramphenicol and
ciprofloxacin (p = 0.699), tetracycline and ciprofloxacin (p = 0.356), chloramphenicol and
erythromycin (p = 0.337), nitrofurantoin and fosfomycin (p = 0.374), fosfomycin and
rifampicin (p = 0.337), and chloramphenicol and tetracycline (p = 0.356) (Table S3).

Moreover, strong biofilm-forming E. faecalis isolates had higher resistance patterns
than intermediate- and non-biofilm formers, including vancomycin (11.1% vs. 0% vs. 0%),
ciprofloxacin (11.1% vs. 4.3% vs. 0%), erythromycin (33.3% vs. 30.4% vs. 25%), fosfomycin
(11.1% vs. 4.3% vs. 0%), and nitrofurantoin (11.1% vs. 8.7% vs. 0%) (Table 4).

Thirteen (29.5%) E. faecalis isolates exhibited phenotypic multidrug resistance,
displaying 10 distinct resistance patterns among them. Moreover, the MAR index of
those MDR isolates ranged between 0.27 and 0.64 (Table 5).

DISCUSSION

Enterococci, once considered harmless gut commensals of humans and animals, are now
major causes of nosocomial infections, with rising antibiotic resistance posing a public
health threat (9). However, limited data exist on their resistance patterns in ornamental
birds and their feed in Bangladesh. This study aimed to investigate the prevalence of
biofilm-forming Enterococcus isolates from ornamental birds and their association with
virulence genes and antibiotic resistance in Bangladesh.

Prevalence of E. faecalis

In this study, the overall prevalence of E. faecalis was 22%, with a higher detection rate
in cage feed samples (30%) compared with feces (20.8%). The higher prevalence of E.
faecalis in cage feed compared with fecal samples may be attributed to direct fecal
contamination, as birds often defecate near or into feeders. The nutrient-rich feed can
support bacterial survival longer than feces, which may dry out or contain competing
microbes (34). Inadequate cleaning of feeders and cross-contamination during handling
may further contribute to the persistence and spread of E. faecalis in the feeding
environment.

Comparable studies have reported varying prevalence rates depending on bird type
and sample source. For instance, a study in Poland reported a 39.1% prevalence among
free-living birds (35), whereas Soodmand et al. (10) recorded a 25.3% prevalence from
cloacal swabs of companion birds in northeastern Iran. In Portugal, Da Silva et al. (36)
and Santos et al. (7) isolated 100% and 42% E. faecalis, respectively, from cloacal swab
samples of pet and exotic birds. Soares et al. (9) also reported a 36.7% prevalence in
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TABLE 5 The overall occurrence of multidrug-resistant and multiple antibiotic-resistant E. faecalis isolated
from ornamental birds in Mymensingh Sadar, Bangladesh®

Serial no. Antibiotic resistance No. of antibiotics No. of isolates Overall MDR MAR

pattern (classes) isolates index

AMP, E, TE, CIP, C 5(5) 1 13/44 0.45
2 LNZ, AMP, VAN, E, NIT, RA, 7(7) 1 (29.5%) 0.64

FOS

3 LNZ, AMP, E 3(3) 1 0.27
4 AMP, TE, RA, FOS 4(4) 1 0.36
5 AMP, TE, RA 3(3) 1 0.27
6 AMP, E, TE 3(3) 2 0.27
7 LNZ, AMP, E, RA 4(4) 2 0.36
8 AMP, E, TE, NIT 4(4) 2 0.36
9 AMP, E, TE, C 4(4) 1 0.36
10 AMP, TE, CIP 3(3) 1 0.27

“MDR = multidrug-resistant, MAR = multiple antibiotic resistance, AMP = ampicillin, CIP = ciprofloxacin, C =
chloramphenicol, E = erythromycin, LEV = levofloxacin, LZD = linezolid, NIT = nitrofurantoin, RA = rifampin, TE =
tetracycline, and VAN = vancomycin.

feed samples from ornamental birds, which is substantially higher than the 5% found in
stored feed samples in the present study. Variations in the prevalence of E. faecalis across
studies may be influenced by differences in bird management, feed source and storage,
visitor handling, geographic location, environmental conditions, sample type and size,
and regional bacterial load.

The detection of E. faecalis in ornamental birds and their associated environments
highlights a potential, yet underrecognized, public health concern. Enterococci are
natural inhabitants of the gastrointestinal tract in both humans and animals (37);
however, their detection in non-clinical settings, such as ornamental bird cages and
feed, suggests a broader ecological persistence. Although their presence in avian feces is
expected (38), the notable prevalence in cage feed samples suggests possible environ-
mental contamination, likely due to direct fecal contact or poor hygienic practices during
feed storage and handling. This raises concerns not only about cross-contamination
within bird enclosures but also about the potential for zoonotic transfer, especially in
domestic or hobbyist settings where birds are kept in close contact with humans. The
relatively lower detection in stored feed compared with cage feed may reflect better
hygienic controls at the supplier or manufacturer level, where feeds were typically
packaged and stored in sealed bags. In contrast, cage feed was observed to be stored
in open containers or left directly in feeders accessible to birds, creating more opportu-
nities for contamination from fecal matter, handling, or the surrounding environment.
This difference suggests that contamination is more likely to occur at the point of use,
highlighting the need for targeted interventions in feed handling and hygiene practices
within pet shops and homes.

Biofilm-forming capabilities of isolated E. faecalis

Biofilm formation is a critical survival strategy that enables E. faecalis to persist in hostile
environments, evade host immune responses, and resist antimicrobial treatments (39). In
this study, a higher percentage of E. faecalis isolates (72.7%; 32/44) were biofilm formers,
with 20.5% (9/44) classified as strong biofilm formers, 52.3% (23/44) as intermediate,
and 27.2% (12/44) as non-biofilm producers. A previous study (40) found that E. faecalis
isolated from backyard chickens had biofilm-forming capabilities, with 28.9% as strong
biofilm-forming E. faecalis. Similarly, Stepien-Pysniak et al. (8) found that 25.9% of E.
faecalis isolates from wild birds were strong biofilm producers. Although backyard
chickens, wild birds, and ornamental birds differ in their husbandry and exposure
settings, these findings collectively suggest that biofilm-forming E. faecalis is widespread
across diverse avian populations beyond commercial poultry systems.
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A considerable proportion of isolates exhibited intermediate-to-strong biofilm-form-
ing ability, reinforcing their pathogenic potential even in non-clinical avian hosts. The
dominance of intermediate biofilm formers, followed by strong biofilm producers, is
particularly concerning given the implications for environmental persistence and chronic
colonization. The presence of biofilm-forming E. faecalis in ornamental birds suggests
that these environments could act as persistent reservoirs, with potential for recurring
transmission cycles. This becomes more alarming in pet shops and households with
limited biosecurity measures, where persistent colonization may lead to unnoticed
spread among birds or to caretakers. Importantly, biofilm-forming capacity is often
associated with enhanced virulence and antimicrobial resistance. Previous studies have
demonstrated that biofilm-associated cells can exhibit up to 100-fold to 1,000-fold
increased tolerance to antibiotics compared with their planktonic counterparts (41).
Therefore, even if phenotypic resistance appears moderate, the presence of biofilm-form-
ing strains may lead to treatment failure or prolonged infections (42). Additionally, the
heterogeneity in biofilm-forming ability among isolates suggests potential strain-level
differences in regulatory pathways, nutrient adaptation, and virulence gene expression,
areas that merit further molecular investigation (43).

Virulence genes in isolated E. faecalis

A key finding of this study was the widespread presence of multiple virulence genes
among E. faecalis isolates, with all the isolates having at least three virulence genes and
most strains harboring more than four. The most prevalent were gelE, fsrC, and ace, each
detected in over 90% of isolates. Several studies have been done on wild birds, but
no results are available specifically for ornamental birds. Sigirci et al. (44) found gelE in
30.1% of E. faecalis isolates, whereas Silva et al. (45) revealed its absence. The presence
of E. faecalis in ornamental birds observed in our study is consistent with reports from
Saudi Arabia and Poland, where the bacterium has also been isolated from backyard
chickens, wild birds, and free-living birds (8, 35, 40). This suggests that E. faecalis is widely
distributed across diverse avian hosts, and although husbandry practices differ, the
ability of both ornamental and non-commercial bird populations to harbor this species
underscores their potential role as reservoirs of antimicrobial-resistant bacteria.

Antimicrobial resistance profiles of E. faecalis

The antimicrobial susceptibility profile of E. faecalis isolates revealed a worrisome
pattern of resistance, particularly to commonly used first-line antibiotics. All isolates
were resistant to ampicillin, indicating a complete loss of susceptibility to this Access-
class drug. Resistance was also observed for tetracycline (27.3%) and erythromycin
(29.5%), both frequently used in veterinary and human medicine (46). The detection
of blatgp in all ampicillin-resistant isolates and tetA in the majority of tetracycline-resist-
ant strains confirms the genetic basis of resistance and suggests the involvement of
mobile resistance determinants facilitating horizontal gene transfer. The presence of
such genes is particularly concerning, as both blatgy and tetA are commonly carried on
plasmids or other mobile genetic elements, which enhances their potential for dissemi-
nation among bacterial populations (47). This means that resistant E. faecalis strains in
ornamental birds not only pose a direct risk of treatment failure but may also serve as
a reservoir for resistance determinants that can be transferred to other pathogenic or
commensal bacteria, amplifying the public health threat. Notably, resistance extended
beyond the Access group into the WHO Watch and Reserve categories. Although the
prevalence was lower, resistance to rifampicin (29.5%), linezolid (11.4%), vancomycin
(2.3%), and fosfomycin (4.5%) is particularly concerning. These antibiotics are critical
for treating multidrug-resistant gram-positive infections in humans, and their reduced
efficacy in environmental or animal-associated strains highlights the silent spread of
clinically significant resistance (48-50). The detection of vancomycin resistance, albeit
rare, is especially alarming due to the role of VRE in hospital-acquired infections. Its
presence in ornamental birds’ isolates suggests that even non-therapeutically treated
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populations may acquire resistance genes via environmental exposure or horizontal
gene transfer. Previous studies have reported that enterococci isolated from bird samples
exhibit varying levels of AMR against a range of antimicrobial agents, as documented in
studies from Turkey (44), Malaysia (51), and Iran (10).

Correlative analysis further revealed significant associations between resistance
to different antibiotics, particularly among linezolid, vancomycin, fosfomycin, and
nitrofurantoin. These co-resistance patterns may reflect co-selection or co-localization
of resistance genes on plasmids or transposons. Such cross-resistance complicates
empirical therapy and may lead to treatment failure if unnoticed. Importantly, strong
biofilm-forming isolates exhibited higher resistance frequencies for several antibiotics,
including vancomycin, ciprofloxacin, erythromycin, and nitrofurantoin. Although not all
associations reached statistical significance, biofilm-producing E. faecalis often exhibits
enhanced resistance due to limited drug penetration and altered metabolic states within
the biofilm matrix (52). The biofilm matrix restricts antibiotic penetration and facilitates
gene exchange, thereby creating a niche for the survival of MDR strains (52). This finding
emphasizes the importance of assessing biofilm capacity when evaluating antimicrobial
susceptibility, as standard planktonic MIC testing may underestimate resistance in vivo.

Additionally, over one-fourth of the isolates (29.5%) were classified as MDR. These
MDR isolates exhibited diverse resistance patterns, with MAR index values ranging from
0.27 to 0.64, indicating higher antimicrobial exposure or selection pressure. Although
ornamental birds are not routinely exposed to antimicrobials, the presence of MDR
strains in their environment suggests indirect exposure through contaminated feed,
water, or human handlers. Importantly, some MDR patterns included resistance to as
many as seven different classes, illustrating the genomic plasticity and resilience of
E. faecalis. The emergence of such complex resistance profiles in an ornamental bird
setting, a niche not traditionally associated with antimicrobial misuse, highlights the
diffuse nature of resistance evolution and the need for One Health-based surveillance
strategies.

Conclusion

This first study, to the best of our knowledge, in Bangladesh provides an important
insight into the potential public health risks associated with E. faecalis in ornamental
birds and their environment. The investigation highlights that ornamental birds can
harbor E. faecalis isolates with antimicrobial resistance, biofilm-forming capacity, and
virulence-associated genes, suggesting their potential role as reservoirs of traits that may
contribute to pathogenicity and resistance dissemination, with possible implications for
both animal and human health. As ornamental birds are increasingly kept as pets and
traded in close proximity to humans, their role in the transmission of opportunistic
pathogens warrants attention. These findings underscore the importance of enhanced
biosecurity, routine microbial surveillance, and prudent antimicrobial stewardship in
non-clinical settings. A One Health approach that integrates animal, environmental,
and human health perspectives is essential to mitigate the emergence and spread of
antimicrobial resistance. This study lays the groundwork for future research and policy
development aimed at safeguarding public health through a deeper understanding
and more effective management of zoonotic risks in the ornamental bird industry in
Bangladesh.
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