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Abstract

taphylococcus species is an important foodborne zoonotic pathogen causing diseases in
Slivestock globally. This study focused on identifying biofilm-producing Staphylococcus species

in six poultry farms and the nearby wild bird populations.120 samples, including poultry organ
samples, (trachea and lung) and 80 environmental samples (litter, water, feed, and fans swabs), from 6
broiler farms in Egypt exhibiting respiratory manifestation. Also, workers nasal swabs along with 50
wild birds’ faecal samples. Isolation and identification of Staphylococcus species were performed
using conventional culture techniques and biochemical identification. PCR of the Staphylococcus
16S rRNA gene was performed. A colorimetric microtitration plate assay evaluated the isolates to
produce biofilm. The icaD, eno, and fnbA genes were identified by PCR. A total of 45 isolates were
obtained, all of which were identified as Staphylococcus species where 30% of organ samples and
environmental sources: litter (25%), water (20%), feed (20%), and fan swabs (10%). Additionally,
44% of faecal samples from wild birds and 10% of farm workers nasal swabs Among these, 88.88%
(39 out of 45) exhibited varying levels of biofilm production. Molecular analysis showed a high
prevalence of biofilm-associated genes, with 35 isolates (77.7%) testing positive for icaD, 28 (62.2%)
for eno, and 39 (86.6%) for fnbA. There were no significant differences in Staphylococcus isolation
across animal sources or between resident and migratory wild birds (p > 0.05). Biofilm-producing
Staphylococcus species are widely prevalent in poultry across Egypt, and the possibility of zoonotic
transmission from wild birds to humans is an emerging area of research.
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Introduction contributing to income generation in rural

The poultry industry is a major sector in global
agriculture, significantly contributing to food safety
and economic growth. Poultry and poultry products
are the most widely consumed meat worldwide,
particularly in developing countries [1]. However,
the industry has a complicated chain that
incorporates feed production, breeding, farming,
processing, and marketing, with each segment
contributing to the overall economic output [2].

In Egypt, poultry meat is an essential component
of the national diet [3]. The industry employs
millions of Egyptians by providing jobs in farming,
processing, and distribution. Additionally, many
small-scale farmers are engaged in poultry farming,

communities [4].

Staphylococcus species are generally harmless
bacteria that reside on the surface of human and
animal skin as well as on their mucous membranes.
However, they can become opportunistic pathogens,
leading to various infectious diseases. These bacteria
have a notable impact on the ecosystem, public
health, and livestock production, causing conditions
that range from mild to severe [5].

Staphylococcus includes more than 36 species
and 21 subspecies, commonly present as normal
residents on the skin, mucous membranes, and in the
nostrils of healthy birds. [6]. Staphylococcus aureus
is a bacteria found on the skin and in the nose of
approximately 30% of humans, causing no harm but
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occasionally resulting in infections. In healthcare
settings, infections can be serious or fatal, resulting
in bloodstream infections (sepsis), pneumonia,
endocarditis  (heart  valve infection), and
osteomyelitis (bone infection). People with chronic
illnesses, those who inject drugs, and those in
intensive care or using medical devices are at a
higher risk [7].

Staphylococcal infections can pose serious risks
on poultry farms and can lead to various health
problems. Furthermore, they carry the potential for
zoonotic transmission to humans, raising significant
public health concerns [8].

Farm workers, handlers, and others who have
close contact with infected poultry can contract the
infection through skin-to-skin contact, especially if
they have cuts or abrasions resulting in skin
infections such as boils, abscesses, or more severe
conditions like cellulitis [9].

In Egypt, the prevalence of staphylococcal
infection varies by region, with greater rates reported
in ICU patients and post-surgical infections. The
germs are prevalent in both hospital and community
settings. Furthermore, it poses a public health danger
in veterinary settings, with high frequency in
domestic animals, bovine mastitis, and food products
such as raw milk and fish. These findings emphasize
the significance of ongoing surveillance, good
hygiene, and infection control measures in
preventing their spread throughout the human,
animal, and food sectors [10]. Improperly handled or
undercooked poultry meat and eggs can lead to food
poisoning due to the production of toxins, resulting
in rapid-onset foodborne illness characterized by
symptoms such as nausea, vomiting, diarrhea, and
abdominal pain [11].

Staphylococcus species can also persist on
surfaces like equipment, cages, and feed troughs.
Handling contaminated equipment can facilitate
transmission, as touching these surfaces and
subsequently touching the face, eyes, or open
wounds can lead to infection [12,13].

Poor personal hygiene among farm workers
heightens the risk of bacterial transmission.
Additionally, overcrowded conditions and stress in
birds can weaken their immune systems, making
them more susceptible to infections and increasing
their severity. This, in turn, raises the bacterial load
and the risk of transmission to humans. Furthermore,
mishandling poultry products during processing,
transportation, or at retail can result in contamination
posing a risk to consumers [14].

Over the past decade, interest has increased in the
global prevalence of Staphylococcus species in wild
animals, though information remains limited. Wild
animals are seen as potential reservoirs or carriers for
transmission. Their movement across habitats
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interactions with livestock and indirect contact with
humans can facilitate bacterial spread, raising the
risk of colonization and infection in both animals and
humans [15,16,17].

The main virulence factor of Staphylococcus
species is their ability to form biofilms on damaged
tissues as it enhances bacterial survival by shielding
them from the host's immune system and reducing
antibiotic effectiveness [18,19].

Several genes contribute to the production of
staphylococcal biofilms, though their regulatory
mechanisms are not well understood [20,21] and
these genes are associated with chronic infections,
particularly those involving indwelling medical
devices like catheters, prosthetic joints, and heart
valves [22].

The ica (intercellular adhesion) locus is a key
genetic determinant, with the icaD operon
responsible for synthesizing poly-N-
acetylglucosamine (PNAGQG), a vital component of the
biofilm matrix [23]. The finbA gene encodes
Fibronectin-Binding Protein A, which facilitates
initial adhesion to host tissues and medical devices,
essential for biofilm formation [24].

Furthermore, the eno gene produces the essential
glycolytic enzyme enolase, which catalyzes the
transformation ~ of  2-phosphoglycerate into
phosphoenolpyruvate  during  glycolysis.  This
reaction is vital for the survival and growth of
Staphylococcus bacteria, as it produces the energy
necessary for various cellular activities [25].
Moreover, it can localize to the bacterial cell surface
and bind to plasminogen, where Plasminogen-
binding proteins play a role in bacterial adhesion to
host tissues, which is a crucial step in both infection
and biofilm formation.

In poultry farms, biofilm formation on
equipment, surfaces, and within the birds can lead to
chronic infections, decreased productivity, and
higher mortality rates. Furthermore, migratory birds
can act as carriers, introducing or spreading biofilm-
forming Staphylococcus species, which complicates
biosecurity measures. Therefore, this study aimed to
detect biofilm-forming Staphylococcus species
within poultry farms and the surrounding migratory
birds in Egypt, as these strains may present a
potential hazard to human and animal health through
spread in the environment.

Material and methods

Samples collection and processing:

A total of 20 poultry organ samples (trachea and
lung from freshly morbid chicken) and 80
environmental samples (litter, water, feed and fans
swabs) were collected from 6 broiler farms in Egypt
exhibiting respiratory manifestation during the
period from May 2022 to April 2023. The samples
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were transferred in boxes surrounding ice cubes and
directly processed in the laboratory for bacterial
isolation.

Between August 2022 and January 2023, a total
of 50 faecal samples were taken from wild birds in
the Giza and El-Fayoum governorates of Egypt. Of
these, 30 were resident birds (7 hooded crows, 11
cattle egrets, and 12 laughing doves) and 20 were
migratory birds (12 Northern shoveler ducks and 8
green-winged teal ducks). During the winter
migration, the wild birds were caught using modified
traps. Following trapping, faecal samples were
collected, and the birds were liberated. The swabs
were then placed in 2 ml of sterile saline solution
(0.9% NaCl) and stored in an icebox until transport
to the laboratory.

The 20 nasal swabs were obtained from
apparently healthy farm workers working on broiler
farms and in the vicinity where wild birds were
trapped. Samples were collected using sterile swabs,
subsequently They were then transferred to tubes
containing trypticase soy broth and incubated at 37
°C for 24 hours.

Isolation and identification of Staphylococcus
species:

Before plating on mannitol salt agar medium
(Oxoid, Hampshire, UK), each inoculated sample
was incubated aerobically at 37°C for 24 hours after
being incubated overnight in 5 ml of Brain heart
infusion broth (Oxoid- Hampshire- UK). suspected
Staphylococcus species colonies were subculture to
produce a pure culture and subsequently analysed for
colony morphology, gram staining, standard
biochemical tests, and coagulase tests [26, 27].

Molecular identification of Staphylococcus species:

Using the boiling approach, genomic DNA was
extracted from isolates [28]. All Staphylococcus
isolates were molecularly confirmed via PCR using
Staphylococcus 16S rRNA primers to ascertain the
Staphylococcus genus [29]. The reaction mixtures
were prepared with a whole volume of 25 pl,
comprising 3 pl of template DNA from each isolate,
12.5 pl of Emerald Amp MAX PCR master mix
(Takara, Japan), 0.5 ul of each primer (10 pmol/l;
Metabion-Germany), and added with PCR-grade
water to reach 25 pl. The PCR amplicons underwent
electrophoresis on agarose gel (1.5%) and were seen
using ultraviolet light. The designated
oligonucleotide primer set, and amplification settings
are presented in Table 1.

Formation of the biofilm:

The biofilm quantification assay was performed
in 96-well polystyrene microplates following the
methodology described by Stepanovié¢ et al. [30]. A
200 pL aliquot of each staphylococcus isolate, grown
in BHI broth at 37°C for 24 hours, was added three

times to 96-well flat-bottom plastic microtiter plates
with lids. The microplates were incubated at 37°C
for 24 hours. After incubation, the bacterial
suspensions in each well were discarded, and the
wells were washed three times with 250 pL of sterile
saline solution (0.9% NaCl). Each well was then
treated with 200 pL of methanol for 15 minutes,
followed by gradual elimination of the methanol, and
the plates were left to dry at room temperature
(30°C). Next, the wells were treated with 200 puL of
crystal violet solution for 5 minutes, rinsed with
running water, and allowed to dry at 30°C. Biofilm
formation capacity was assessed by measuring
absorbance using an enzyme-linked immunosorbent
assay reader (BioRad, model 550, Srl, Italy) at a
wavelength of 570 nm, and results were categorized
according to Stepanovi¢ et al. [30].The negative
control was BHI broth devoid of bacterial inoculum,
and we determined the optical density (ODi) for
every isolate (ODi) by averaging the results from
three wells and comparing it to the optical density of
the negative control (ODc). The results were put into
four groups based on the difference between the
mean optical density (OD) and the negative control
(ODc): not adhering (—) if ODi < ODc; weakly
adhering (+) if ODc < ODi < 2 x ODc; moderately
adhering (++) if 2 x ODc < ODi < 4 X ODc; and
strongly adhering (+++) if 4 x ODc¢ < ODi.

The molecular detection for staphylococcus biofilm
genes:

The Staphylococcus isolates were studied for the
presence of the biofilm genes icaD, eno, and fnbA.
The primers utilized were provided by Metabion,
Germany, and the anticipated products are detailed in
Table 1. Primers were employed in a 25-pl reaction
comprising 12.5 ul of EmeraldAmp Max PCR
Master Mix (Takara, Japan), 1 pl of each primer at a
concentration of 20 pmol, 5.5 pul of water, and 5 pl of
DNA template. The reaction was conducted in an
Applied Biosystems 2720 thermal cycler.
The PCR products were separated via electrophoresis
on agarose gel (1.5%) (Applichem-Germany-GmbH)
in 1x TBE buffer at ambient temperature using a
gradient of 5V/cm. 20 microliters of the PCR
products were deposited in each gel slot for
examination. A  GeneRuler 100 bp ladder
(Fermentas-Thermo-Germany) and a GeneDirex
100-3000 bp DNA ladder H3 RTU (GeneDirex-
Taiwan) were used to determine fragment sizes. The
gel images were captured using a gel documentation
system (Alpha Innotech, Biometra), and data analysis
was conducted using specialized computer software.

Statistical analysis:

The chi-square test (y2) was employed to
ascertain the correlation among the Staphylococcus
species occurrences in various animal and
environmental samples. Statistics were considered
significant when p<0.05.
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Results
Occurrence of Staphylococcus species strains.

A total of 23 out of 120 samples (19.6%) tested
positive for Staphylococcus species from 6 poultry
farms in Egypt exhibiting respiratory manifestation
and from apparently healthy farm workers residing in
the  poultry farms. using  bacteriological
identification. Poultry organs had the highest
prevalence (30%), followed by litter (25%), feed and
water (20% each), and fans and worker nasal swabs
(10%  each). The continuous finding of
Staphylococcus species in ambient and human
samples emphasizes potential cross-contamination
and the farm environment's significance as a
reservoir for bacterial persistence.

A total of 22 Staphylococcus species isolates
(44%) were recovered from 50 faecal samples
represented in 30 (50%) resident wild birds which
probably reflect local contamination, revealing
continuous exposure to the farm environment and 20
(40%) migratory wild birds which may act as
carriers, initiating the infection into new
environments.

All isolates were confirmed by identifying
16sDNA genes. There are no significant differences
in isolating staphylococcus from various animal
sources. (p >0.05). furthermore, no distinction
between resident wild birds and those that migrate
(»p>0.05).

Phenotypic and genotypic characterization of biofilm
formation:

In the phenotypic test, regarded as the "gold
standard" for biofilm detection, 88.88% (39 out of
45) of the isolates were recognized as biofilm
producers. These isolates produced biofilms to
varying extents and were classified as follows: about
17.7% (6/45) were weak biofilm producers, 33.3%
(15/45) were moderate biofilm producers, and 35.5%
(16/45) were strong producers (Table 5 - 6). There
are no significant differences in the biofilm
formation density of Staphylococcus from various
animal sources (p >0.05). The presence of icaD, eno,
and fnbA genes in the isolates was analyzed by PCR
and revealed high prevalence where (35 (77.7%), 28
(62.2%), and 39 (86.6%) were positive for icaD, eno,
and finbA genes respectively) (Table 6).

According to our findings, Staphylococcus
species were found to be prevalent in poultry farms,
including in wild birds and farm workers,
highlighting its potential role as a zoonotic pathogen
and emphasizing the need for continuous
surveillance and strict hygiene measures to prevent
transmission between animals, humans, and the
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environment, which could pose a significant public
health risk.

Discussion

Staphylococcal infections can cause severe health
problems and economic losses in poultry farming.
This study found that the overall isolation rate of
Staphylococcus species from 20 poultry organ
samples across six poultry farms was 30%, as shown
in Table 2. Gongalves-Tenoério et al. stated similar
observations [31].

In proportion to Pepe et al. [32] staphylococci are
among the highest frequent bacteria found in the
environment of poultry, capable of entering a bird's
body through skin injuries or wounds, leading to
localized or systemic infections. In severe cases, the
infection can spread to internal organs, reducing
growth, poor meat quality, and even mortality.
Staphylococcal infections are especially concerning
because of their potential for antibiotic resistance,
which complicates treatment efforts in affected
poultry [33]. Also, Poor hygiene and sanitation
during poultry farming, slaughtering, and processing
can facilitate the spread of Staphylococcal infections
from the environment, handlers, or equipment to the
birds [34,35].

Corresponding to Song et al. [36], Farmworkers
and handlers can serve as carriers of Staphylococcus
bacteria, inadvertently introducing them into the
farm environment. Poor hygiene and improper
handling of poultry increase the risk of bacterial
spread. Additionally, contaminated equipment, feed,
or water can serve as sources of Staphylococcus
transmission. Regular interactions between humans
and birds, such as during feeding, vaccination, or
treatment, can further facilitate the spread of the
bacteria, especially when biosecurity measures are
not strictly enforced. and this is proven by the results
we obtained in Table 2 where from 80 environmental
samples (litter, water, feed, and fans swabs) and 20
nasal swaps from apparently healthy farm workers
the results were 18.75% and 10% respectively.

The detection of Staphylococcus species in
poultry farm environments such as feed, water, fans,
walls, and litter signals serious contamination risks
that can lead to poultry infections, this situation
obscures the treatment and potentially endangers
human health through the zoonotic transmission and
the foodborne illnesses [36].

It is crucial to implement stringent biosecurity
measures, maintain good hygiene practices, and
conduct regular monitoring to mitigate economic
losses and protect both poultry and public health.
Effective environmental management, including
thorough cleaning, disinfection, and litter control, is
essential to reduce bacterial loads and prevent
disease outbreaks [37]. Overall, the presence of
Staphylococcal infection in poultry farms represents
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a significant infection risk with important public
health implications.

According to Table 4, A microbiological
detection of the faecal examples of migratory birds
showed the presence of Staphylococcus species with
an incidence of 44%. This result was significantly
higher than that reported by Dalton et al. [37] who
detected 17.6% of Saphylococcus species in
migratory birds in Saudi Arabia. This observation
proves that migratory birds can carry greatly
infective bacteria capable of infecting humans, either
directly or indirectly through environmental
transmission. Therefore, it is crucial to recognize the
potential role of migratory birds in spreading these
pathogens [38, 39].

Despite the significant role bacterial biofilms
play in various diseases, they are often overlooked.
The microtitration test showed that 88.88% of the
isolates produced biofilms: 17.77% were weak
biofilm producers, 33.33% were moderate producers,
and 35.55% were strong biofilm producers. (Table
5). The current study results are in line with Pinto et
al. [40] who discussed that the prevalence of biofilm-
producing Staphylococcus species is notably high,
particularly in healthcare environments.
Nevertheless, the present study results contradict
those results obtained by Mathur et al. [41] and Nasr
et al. [42]. who reported 57.8% and 46% respectively
displayed a biofilm-positive phenotype.

Biofilms allow bacteria to adhere to surfaces (for
example bird feathers, beaks, or the environment)
and resist environmental stressors. The PCR revealed
high occurrence for those genes where 35 (77.7%),
28 (62.2%), and 39 (86.6%) were positive for icaD,
eno, and fnbA genes, respectively. (Table 6). The
ability of these strains to form biofilms after being
isolated from chicken houses indicates that they can
adapt and survive in the environment without a host
[43]. Therefore, effective cleaning and disinfection
practices are essential in poultry farms to prevent the
growth and persistence of these pathogens in the
farm environment.

Biofilm-producing  Staphylococcus species in
wild birds represent a significant concern for both
wildlife and environmental health. Our results
showed that both migratory and resident wild birds
carry Dbiofilm-producing Staphylococcus species
where 9/10(90%) and 10/12 (83.33) were positive in
migratory and resident wild birds’ samples
respectively (Table 5).

Biofilm formation in wild birds can result in
chronic infections and act as reservoirs for
pathogens, which can infect other animals or humans

through contact [44]. The presence of biofilm-
producing  Staphylococcus in these birds is
influenced by environmental factors, diet, and
habitat. Birds in urban or agricultural areas are more
likely to encounter human-related bacteria,
increasing their risk of acquiring such strains [45].

Research on biofilm formation in poultry
emphasizes the cause of bacterial communities in
bird inhabitants and the role of wild birds’
communities in the transmission of the diseases
which can help in evolving approaches for
monitoring wildlife health and mitigating the hazard
of zoonoses [46].

Conclusion

In the present study, biofilm-producing
Staphylococcus species were screened in poultry
farms in Egypt and wild birds residing in the
surrounding area. the persistence of biofilm-
producing Staphylococcus species in our results
highlights the need for enhanced prevention and
treatment strategies and represents further evidence
for the potential role of migratory wild birds in the
global dissemination of biofilm genes that pose a
serious challenge to the globe.
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TABLE 1. The sequence of oligonucleotide primers used for PCR amplification of the Staphylococcus 16S rRNA and
biofilm genes.

Primer sequence (5'to 3') Cycling Conditions Bp Reference
16S(rRNA) 94 °C ,5 min;
30 cycles
F: AAC TCT GTT ATT AGG GAA GAACA ) [29]
(94 °C, 1 min; 756
R: CCA CCT TCCTCC GGT TTG TCA CC 50 °C .1 min:
72 °C, 1 min)
72 °C .5 min
(94°C 5 min.,
94°C 30 sec.,
icaD F: AAA CGTAAG AGA GGT GG 49°C 40 sec, [47]
72°C 40 sec, 381 bp
R:GGC AAT ATG ATC AAGATA 72°C 10 min).
94°C
5 min.,94°C
finbA F: CATAAATTGGGAGCAGCATCA 30 sec.,58°C [48]
30 sec.,72°C 127 bp
R:ATCAGCAGCTGAATTCCCATT 30 sec.,72°C
7 min.)
v4°C
5 min.,94°C
Eno F: ACGTGCAGCAGCTGACT 30 sec.,55°C [49]
30 sec.,72°C 205 bp
R:CAACAGCATYCTTCAGTACCTTC 30 sec.,72°C
7 min.)

TABLE 2. the Occurrence of Staphylococcus species in the poultry farms and the workers:

Sample type Sample size Positive for Staphylococcus X2 p-value
species (%)
Poultry organs 20 6 (30) 4.158 0.384
Litter 20 5(25)
Feed 20 4 (20)
Water 20 4 (20)
Fans swabs 20 2 (10)
Worker nasal swaps 20 2 (10)
Total 120 23 19.6)

X*: chi-square *The result is significant at p < .05.

TABLE 3. Types of migratory birds sampled.

Common name Scientific name Place Condition Sampling Number of
birds
Hooded Crow Corvus Cornix Giza, Resident birds Fecal sample 7
Laughing Streptopelia Giza Resident birds Fecal sample 12
Dove Senegalensis
Cattle Egret Bubulcus Ibis Giza Resident birds Fecal sample 11
Northern Shoveler  Anas Clypeata El-Fayoum Migratory birds ~ Fecal sample 12
Green-Winged Anas Carolinensis El-Fayoum Migratory birds ~ Fecal sample 8
Teal
Total 50

Egypt. J. Vet. Sci.



PUBLIC HEALTH IMPORTANCE OF BIOFILM-PRODUCING Staphylococcus SPECIES...

TABLE 4. The Occurrence of Staphylococcus species in wild birds’ samples.

Wild Bird samples Sample size Positive for Staphylococcus species (%) X? p-value
Migratory 20 10 (50) 0.487 0.485
Resident 30 12 (40)
Total 50 22 (44)
X%: chi-square *The result is significant at p < .05.

TABLE 5. Phenotypic biofilm profile of 45 Staphylococcus isolates from different isolation sources.

Sample Non-biofilm (%) Vz;)a)k Moderate (%) S?‘;Zl)lg Total(;)o)smve
Poultry diseased 1/6(16.66) 2/6(33.3) 2/6(33.3) 1/6(16.66) 5(83.33)
organs
Litter swabs 1/5(20) 1/5(20) 2/5(40) 1/5(20) 4(80)
Feed swabs 0/4(0) 1/4 (25) 2/4(50) 1/4 (25) 4(100)
Water swabs 1/4 (25) 1/ 4 (25) 2/4(50) 0/ 4(0) 3(75)
Fans swabs 0/2 (0) 0/2 (0) 0/2 (0) 2/2(100) 2 (100)
Worker nasal 1/2 (0) 0/2 (0) 1/2 (50) 1/ 2(50) 2 /2 (100)
swaps
Migratory Wild 0/10(0) 1/10(10) 3/10(30) 5/10(50) 9/10(90)
birds
Resident 2/12(16.66) 2/12 (16.66) 3/12 (25%) 5/12 (41.66) 10/12 (83.33)
Wild birds
Total 6/45(13.33) 8/45(17.77) 15/45(33.33) 16/45(35.55) 39/45(88.88)
p-value 0.258 0.503 0.822 0.461

The result is significant at p <.05.

TABLE 6. Phenotypic and genotypic biofilm profile of 45 Staphylococcus species:

o The related genes
Biofilm formation profile Isolates number (%)
Sum number (45) icaD fnbA Eno
Weak biofilm producer 8 (17.77) 7 5 8
Moderate biofilm producer 15 (33.33) 12 10 15
Strong biofilm producer 16 (35.55) 16 13 16
Total biofilm producer 39 (86.6) 35(77.7) 28(62.2) 39(86.6)
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