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Abstract: Wild migratory birds are often implicated in the introduction, maintenance, and global
dissemination of different pathogens, such as influenza A viruses (IAV) and antimicrobial-resistant
(AMR) bacteria. Trapping of migratory birds during their resting periods at the northern coast of
Egypt is a common and ancient practice performed mainly for selling in live bird markets (LBM). In
the present study, samples were collected from 148 wild birds, representing 14 species, which were
being offered for sale in LBM. All birds were tested for the presence of AIV and enterobacteriaceae. Ten
samples collected from Northern Shoveler birds (Spatula clypeata) were positive for IAV and PCR
sub-typing and pan HA/NA sequencing assays detected H5N8, H9N2, and H6N2 viruses in four,
four, and one birds, respectively. Sequencing of the full haemagglutinin (HA) gene revealed a high
similarity with currently circulating IAV in Egypt. From all the birds, E. coli was recovered from 37.2%
and Salmonella from 20.2%, with 66–96% and 23–43% isolates being resistant to at least one of seven
selected critically important antimicrobials (CIA), respectively. The presence of enzootic IAV and
the wide prevalence of AMR enterobacteriaceae in wild birds highlight the potential role of LBM in
the spread of different pathogens from and to wild birds. Continued surveillance of both AIV and
antimicrobial-resistant enterobacteriaceae in wild birds’ habitats is urgently needed.

Keywords: Live bird markets; wild birds; influenza; critically important antimicrobials;
Enterobacteriacea; Northern Shoveler

1. Introduction

Wild birds represent a sentinel reservoir for a wide range of viral and bacterial pathogens, with
the potential to infect domestic birds and disseminate over long distances in a short time [1]. Therefore,
wild birds play a crucial role in the introduction, maintenance, and dissemination of pathogens globally,
including zoonotics [2–4]. Several studies have indicated the transmission of antimicrobial resistant
(AMR) bacteria from sewage, manure, contaminated water, and feeds from domestic birds as well
as other animal and human sources to wild birds. These populations can then become reservoirs,
recombination melting pots, and potential long-distance spreaders of antibiotic-resistant bacteria and
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resistance genes [5–8]. Furthermore, wild birds, especially waterfowl, represent the natural reservoir
for influenza A viruses (IAV), which mostly present in the low pathogenic (LPAI) forms, including
the H5 and H7 subtypes that were transmitted and maintained in domestic birds, to convert to high
pathogenic avian influenza (HPAI) [9,10]. However, wild birds could also be a direct source of HPAI
as in the case of the introduction of H5N1 and H5N8 to Egypt [11]. The other way around has been
reported in outbreaks of HPAI-H5N1 in Asia, where HPAI subtypes have spilled over into wild bird
populations from domestic birds in live bird markets (LBM) [12].

Multiple IAV subtypes (HPAI-H5N1, HPAI-H5N8, and LPAI-H9N2) are co-circulating in Egypt,
resulting in huge economic losses. Notably, both HPAI-H5N1 and H5N8 were first detected in wild birds
from a wetland in the Damietta Governorate in northern Egypt shortly before spreading to domestic
birds [13–15]. In contrast, LPAI-H9N2 was first detected in domestic birds in Giza [16]. However,
recent evidence of H9N2 reassortment with Eurasian AIVs circulating in wild birds was detected in
pigeons, presumably due to co-infection with viruses from poultry and migratory waterfowl [17]. Wild
migratory birds land in wetland areas in Egypt that are close to human activities including backyard
and commercial farming, especially on the northern coast. These areas are where most of the cases
have been confirmed [11].

The presence of antimicrobial resistance (AMR) in wild birds screened in Egypt has been confirmed
with high homology, with samples collected from adjacent water, and both lack the homology with the
human isolates [18]. Despite the relatively low number of samples, a recent study [18] suggests that
water contaminated with domestic animal sewage could be a possible source of antimicrobial genes in
bacteria found in wild birds.

The incidence rate of avian influenza in Egypt is particularly high in LBM as compared to backyard
and commercial farms sampled birds. LBMs are very common and widely distributed all over Egypt
due to the cultural preference for the consumption of freshly slaughtered poultry [15,19,20]. Some
LBMs in Egypt sell migratory birds since trapping of such birds is common amongst local communities
for commercial sale in LBM in the north coast cities. This is where they come into close contact with
domestic birds [13].

Taken together, wild birds and LBM represent an important hub for avian influenza epidemiology
and a potential reservoir for AMR in Egypt. In the present study, samples were collected from wild
birds sold at LBM in the north coastal Governorates and tested for the presence of IAV and antimicrobial
resistant enterobacteriaceaeis.

2. Results

2.1. Prevalence and Genetic Characterization of Influenza A viruses

Ten birds out of 148 were positive (6.76%) for the IAV M gene by real-time PCR. When subtyped,
one remained untyped, four were H5N8, four were H9N2, and one was H6N2 (Supplementary Figure
S1). No co-infection was detected in any of the collected samples. All positive samples were detected
in Northern Shoveler birds (Spatula clypeata) sampled in Gamasa on December 2018 showing mild
diarrhoea but with absence of respiratory or neurological clinical signs (Table 1) (Supplementary
Table S1).

H5N8: Phylogenetic analysis of the full HA gene of the four H5N8 viruses indicated that they
clustered together within clade 2.3.4.4 group B (Figure 1) with recently isolated Egyptian H5N8 strains
from domestic birds. Sample 2 clustered with 2018 strains with the characteristic amino acid substitution
175L previously reported in recent Egyptian samples [21]. All four samples possessed multibasic
cleavage sites in the motif PLREKRRKR/GLF and six potential glycosylation sites at positions 10, 23,
165, 286, 483, and 542 (H5 numbering). All samples had Q222 and G224 that indicated preferential
binding to α2-3sialic acidlinkages (avian receptors). The mutations R72S and L129S were detected in
the receptor binding sites of samples 1 and 2 and samples 1, 3, and 8, respectively. Mutation T140A was
detected in antigenic site A of sample 2. Further mutation at position Y252N was found in sample 2.
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Table 1. Sampled wild birds’ species with the prevalence of influenza viruses and Enterobacteriaceae.

Birds Common Name
(Scientific Name) No.

AIV
(Subtypes)

Isolated Bacteria

E. coli Salmonella
K.
pneumoniae

Citrobacter Enterobacter Proteus

Freundii Diversus Aerogenes Agglomerans Cloacae Mirabilis Vulgaris

Northern Shoveler
(Spatula clypeata)

34 10_ H6N2
(1), H5N8 (4),
H9N2 (4)
and one
untyped

13
(38.2%)

11
(32.4%)

2
(5.9%)

2
(5.9%)

1
(2.9%)

5
(14.7%)

2
(5.9%)

- 9
(26.5%)

2
(5.9%)

Common pochard
(Aythya ferina)

16 - 6
(37.5%)

2
(12.5%)

- 2
(12%)

1
(6.2%)

3
(18.75%)

2
(12.5%)

- 4
(25%)

2 (12.5%)

Northern pintail (Anas
Acuta)

33 - 12
(36.4%)

3
(9.1%)

3
(9.1%)

3
(9.1%)

1
(3%)

5
(15.2%)

- 1
(3%)

6
(18.2%)

4 (12.1%)

Common teal(Anas
crecca)

19 - 8 (42.1%) - - 2 (10%) 1 (5.2%) 3 (15.8%) 1 (5.25%) - 4 (21.1%) 1 (5.25%)

Common moorhen
(Gallinula chloropus)

18 - 6
(33.3%)

2
(11.1%)

1
(5.6%)

- - 4
(11.1%)

2
(11.1%)

- 4
(11.1%)

-

Mallard ducks (Anas
platyrhynchos)

3 - 1
(33.3%)

- - - - - - - - -

Purble Swamphens
(Porphyrio porphyrio)

2 - 1 (50%) - 1
(50%)

- - - - - - -

Garganey (Spatula
querquedula)

7 - 3
(42.9%)

2
(28.57)

- - - 3
(42.9%)

2
(28.5%)

- 1
(14.3%)

-

Eurasian coot
(Fulicaatra)

2 - - 2 (100%) - - - - - 1 (50%) 1 (50%) 2 (50%)

Glossy Ibis (Plegadis
falcinellus)

1 - 1
(100%)

- - 1
(100%)

- - - - - -

Common redshank
(Tringa tetanus)

7 - 2
(28.6%)

3
(42.9%)

- 3
(42.9%)

- - 1
(14.3%)

- 2
(28.6%)

-

Common quail
(Coturnixcoturnix)

3 - 1
(33.3%)

3
(100%)

1
(33.3%)

- - 1
(33.3%)

- - - -

Ruff (Philoma
chusPugnax)

2 - 1 (50%) 1 (50%) - - - - - - 2 (100%) -

Spur-winged Plover
(Vanellu sspinosus)

1 - - 1
(100%)

- - - 1
(100%)

- - - -

Total 148 10 55 30 8 13 4 25 10 2 33 11
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Figure 1. Phylogenetic relationships of HPAI-H5N8 (2.3.4.4) haemagglutinin (HA) gene of 
representative AIVs. The tree was generated by the maximum likelihood method and bootstrapped 
with 1000 replicates using the GTR substitution model with gamma distribution. Viruses 
characterized in this study are indicated in red and other Egyptian strains in blue. 

Figure 1. Phylogenetic relationships of HPAI-H5N8 (2.3.4.4) haemagglutinin (HA) gene of representative
AIVs. The tree was generated by the maximum likelihood method and bootstrapped with 1000 replicates
using the GTR substitution model with gamma distribution. Viruses characterized in this study are
indicated in red and other Egyptian strains in blue.
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H9N2: Phylogenetic analysis of the full HA gene of the four H9N2 viruses revealed clustering
within group B of G1-like Eurasian sub-lineages (A/quail/Hong Kong/G1/97-like). Sample 4,5, and 6
clustered with the most recent Egyptian strains available on GenBank, while sample 9 clustered with
earlier strains circulated in 2012 (Figure 2). All four samples possessed monobasic cleavage sites in
the motif PARSSR/GLF. Mutations H191 and L234 have been detected in samples 4, 6, and 9, which
indicated a preference of2-6α sialic acid receptor (human-like). Alternatively, sample 5 possessed
Q234, which is typical of an avian H9N2 signature. No other significant mutations were detected in
comparison to other Egyptian H9N2 strains except mutation T198 in sample 6, which was located at
the receptor-binding site.

H6N2: Phylogenetic analysis revealed grouping of the H6N2 positive sample with the Eurasian
gene pool (Figure 3) represented by (A/duck/Hunan/573/2002(H6N2), as previously described [22].
BLAST analysis showed a close relationship (> 98% nucleotide homology) to a recent wild bird virus
from China (A/wild bird/Wuhan/CDHN09/2015 (H6N2) and water wildfowl virus from Korea (A/water
wildfowl/Korea/M129/2014(H6N1) and Egyptian H6N2 (A/Eurasian-teal/Egypt/P2-29/2017). This is
suggestive of a Eurasian wild bird origin. Genome analysis revealed that the H6N2 viruses are low
pathogenic to chickens with a monobasic cleavage site (PQIETR/GLF).The presence of Q226 and G228
(H3 numbering) on HA indicated a preference of avian (α2,3-linked sialic acid receptors). Using
NetNGlyc 1.0 server six potential, N-linked glycosylation sites in HA were identified.
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Figure 2. Phylogenetic relationships of H9 HA gene of representative AIVs. The tree was generated 
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Figure 2. Phylogenetic relationships of H9 HA gene of representative AIVs. The tree was generated
by the maximum likelihood method and bootstrapped with 1000 replicates using a GTR substitution
model with gamma distribution. Viruses characterized in this study are indicated in red and other
Egyptian strains in blue.
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Figure 3. Phylogenetic Relationships of H6N2 HA gene of representative AIVs. The tree was generated
by the maximum likelihood method and bootstrapped with 1000 replicates using a GTR substitution
model with gamma distribution. Viruses characterized in this study are indicated in red and other
Egyptian strains in blue.

2.2. Prevalence and Antibiotic Resistance of the Enterobacteriaceae

Out of 148 live wild bird samples, E. coli was recovered from 55 samples, while Salmonella
was recovered from 30 samples. Nine of all samples showed Salmonella and E. coli co-infection
(Supplementary Table S1). Unlike influenza, E. coli and Salmonella were isolated from almost all the
wild bird species sampled (Table 1).

E. coli: Serological identification revealed presence of O1, O78, O121, and O26 in 5, 11, 4, and 3 of
E. coli positive samples, respectively (Table 2). O1 and O78 serotypes are usually associated with avian
pathogenic E. coli (APEC), while O121 and O26 are considered as potentially producing lethal toxins to
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humans. Enteropathogenic E. coli (EPEC), Enterotoxigenic E. coli (ETEC), and Enterohemorrhagic E.
coli (EHEC) are widely prevalent in E. coli positive birds, while Enteroinvasive E. coli (EIEC) was only
recovered from one bird (Supplementary Table S1).

Table 2. Salmonella and E. coli serotypes prevalence in different wild birds’ species.

Sampled Bird E. coli Serotype Salmonella Serotype

Northern Shoveler O1 (2), O78(3), O121(1), O128(2),
O146, O158, O153, O2, O91

S. Kentucky (3), Molade, Enteritidis
(2), Papuana, Typhimurium,
Larochelle, Tsevie, Infantis

Common pochard O78 (2), O55, O158, O125, O2 S. Tamale, Infantis

Northern pintail O1, O78, O121, O91, O55, O113,
O2(2), O128

S. Molade, Wingrove, Kentucky

common teal O128, O78 (2), O44, O146, O1,
O124, O26

-

Moorhen O91, O26, O2, O121 (2), O78 S. untyped, Papuana7

Mallard Ducks O26 (1) -

Purble Swamphens O1(1) -

Garganey O119, O146, O158 S. Typhimurium, Tamale

Coot - S. Papuana, Labadi

Glossy Ibis O78(1) -

Common redshank O2, O125 S. Enteritidis, Kentucky, Tsevie

Common Quail O128 3_S. Typhimurium (1), S. Enteritidis
(2)

Ruff O55 S. Inganda

Spur-winged Plover - S. Kentucky

surface swabs O78, O91, O124 S. Kentucky

Salmonella: S. Enteriditis and S. Typhimurium were recovered from 4 and 3 apparently healthy
wild birds, respectively (Supplementary Table S1).

Other Enterobacteriaceae: Klebsiella pneumoniae has been recovered from 8 samples collected
from apparently healthy birds. Enterobacter from 37 birds. Proteus from 44 birds and Citrobacter from
17 birds (Table 1) and (Supplementary Table S1).

Antibiotic resistance: Seven antibiotics that were considered as Highest Priority Critically
Important Antimicrobials for human medicine (WHO-CIA) and commonly used in Egypt were selected
and tested by all positive E. coli and Salmonella positive samples. Data showed that 81%, 74%, 81%,
65.5%, 84.5%, 94.8%, and 94.8% of E. coli isolates and 29%, 29%, 22.6%, 25.8% 41.9%, 38.7%, and
41.9% of Salmonella isolates were resistant to Ampicillin, Ciprofloxacin, Doxycycline, Erythromycin,
Streptomycin, Tetracycline, and Amoxicillin, respectively (Table 3).

Table 3. Frequencies of E. coli and Salmonella isolates resistance to some of the Critically Important
Antimicrobials commonly used in Egypt.

Antimicrobial Agent E. coli Isolates (55) Salmonella Isolates (30)

Sensitive NO. (%) Resistant NO. (%) Sensitive NO. (%) Resistant NO. (%)

Ampicillin 10 (18%) 45 (82%) 21 (70%) 9 (30%)

Ciprofloxacin 14 (26%) 41 (75%) 21 (70%) 9 (30%)

Doxycycline 10 (18%) 45 (82%) 23 (77%) 7 (23%)

Erythromycin 19 (35%) 36 (66%) 22 (73%) 8 (27%)

Streptomycin 8 (15%) 47 (85%) 17 (57%) 13 (43%)

Tetracycline 2 (4%) 53 (96%) 18 (60%) 12 (40%)

Amoxicillin 2 (4%) 53 (96%) 17 (57%) 13 (43%)
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3. Discussion

Wild birds represent the natural host of every known subtype of type A influenza, with the
exception of H17N10 and H18N11, which were reported solely in bats [23]. Wild birds are responsible
for the transcontinental spread of influenza viruses over thousands of kilometers and spill over to
domestic birds and threaten human health. Few AIV subtypes become as well adapted to poultry as
the panzootic goose/Guangdong lineage H5Nx viruses, the recent Chinese H7N9 viruses, and multiple
Eurasian H9N2 lineages and present a major threat to veterinary and human health, while others
quickly disappeared [24].

After long journeys from Europe and Asia, millions of exhausted wild birds rest in the wetlands
of northern Egypt, especially around where the river Nile drains into the Mediterranean Sea. In this
area, the trapping of wild birds is a very ancient and common practice for commercial sale in live bird
markets [11]. Both residences of wild birds and offering them for sale in live bird markets represent a
considerable risk for the spillover of the infection to domestic birds and possibly vice versa.

In the present study, samples were collected from 148 trapped wild birds offered in LBM,
representing 14 wild bird species. Only 10 Northern shoveler birds were positive for type A influenza
virus as evidenced by real-time PCR. The Northern shoveler (Spatula clypeata) is considered an
important AIV reservoir and is known to have high rates of AIV prevalence [25,26]. To our knowledge,
12 different AIV subtypes have been recovered from Northern shoveler in Egypt and these include H1N1,
H2N8, H5N2, H6N2, H7N1, H7N3, H7N7, H7N9, H10N1, H10N4, H10N7, and H10N9 [20,26–29]. All
of them present in low pathogenic forms. Alternatively, in the present study, HPAI-H5N8, LPAI-H9N2,
and LPAI-H6N2 subtypes have been recovered from 4, 4, and 1birds, respectively. Hemagglutinin
gene sequencing and phylogentic analysis showed higher similarity and clustering with currently
circulating H5N8, H9N2, and H6N2 genotypes in domestic fowl. The same findings were previously
reported in Egypt [26], where H5N1 and H9N2 viruses were detected in migratory mallards and were
genetically closely related to AIV circulating in domestic poultry. In the same context, HPAI has been
occasionally reported in wild birds near to affected poultry flocks, but these bird have played a minor
or no role in the dissemination of the virus [30]. We believe that Northern shoveler acquire enzootic
influenza infection via direct contact with domestic birds in LBM with the absence of clinical signs,
which was previously reported [26]. Furthermore, we reported that all positive birds sampled on the
same day from the same market had influenza with very high similarity to enzootic viruses, and this
scenario suggests a single source of infection. In contrast, the pandemic H5N1 and H5N8 introduced
to Egypt in late 2005 and 2016, respectively, were first detected in a Eurasian green-winged teal (Anas
crecca) which was found dead in the same area [13,31]. In this case, viruses spread to domestic birds
where they evolved and became markedly diverged from the original virus introduced via wild birds.
Altogether, it is unlikely that captured infected wild birds can play a role in the dissemination of the
virus to other destinations. However, it is worth mentioning that it is still a considerable risk factor of
exporting enzootic H5N8 and H9N2 via migration. Further, wild birds in LBM could act as mixing
vessels for different influenza subtypes that may lead to reassortment. Different surveillances strategies
should be developed to find out whether the enzootic viruses are able to disseminate to wild birds
from LBM or in their free habitat as well. Environmental sampling should include fresh fecal sampling
and onsite birds sampling is required for insight analysis of the ability of domestic birds to disseminate
enzootic viruses to wild birds in their habitat.

Wild birds play a crucial role as potential reservoirs of enteric human and animal pathogens
and vectors of antimicrobial resistance transfer. Information regarding the prevalence of bacterial
pathogens and their antimicrobial pattern is limited for the wild birds in Egypt. In the present study,
profiles of Enterobacteriaceae members were investigated in all sampled wild birds using standard
methods. Fourteen members of the Enterobacteriaceae family were recovered. E. coli and Salmonella
were recovered from 37.2% and 20.2% of all tested birds, respectively. Serotyping of the isolated E.
coli revealed the wide prevalence of certain E. coli serotypes, which are more frequently associated
with avian Collibacillosis such as O1 and O78 [32], and Shiga Toxin-Producing serotypes such as
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O121, O91, and O26 [33,34] were also recovered. Potentially, a higher prevalence of Salmonella
spp. has been recovered in this study with a prevalence of 20.2% (n=30/148), when comparing to
previous studies [35–37]. Furthermore, a high prevalence of both E.coli and Salmonella were detected
in waterfowl, especially in the Northern Shoveler, where 38.2% and 32.4% of tested samples were
positive for E.coli and Salmonella, respectively, with highly diversified E. coli and salmonella serovars,
demonstrating the possible particular importance of the Northern shoveler in the dissemination of
bacterial pathogens of human and veterinary importance as well as AIV in Egypt.

Although the wild birds were not directly exposed to antimicrobial agents, they get infected [7,38]
and act as a reservoir and disseminator of resistant bacteria [39,40]. The WHO has categorized the
antimicrobial reagents into critically important, highly important, and important antimicrobials [41]. In
the present study, seven of the most commonly used critically important antimicrobials (CIA) in Egypt
were selected to test all E. coli and Salmonella isolates. In the present study, resistance to CIA occurred
in 66%–96% of E. coli strains and 23%–43% of Salmonella strains. The high rate of resistance of E. coli
isolates to Streptomycin, tetracycline, and Amoxicillin (85%, 96%, and 96%, respectively) compared to
42%, 21%, and 26.3%, respectively, which was recently detected in wild birds in Switzerland, reflects
the role of wild birds as a mirror for the unwise use of antimicrobial agents [7].

4. Materials and Methods

4.1. Sample Collection

148 samples were collected from migratory birds offered for sale in LBM (114 from Damietta
and 34 from Gamasa) during the winter season (between December 2018 and February 2019) (Table 1
and Supplementary Table S1). Both cities are located atthe north-eastern corner of the Nile delta.
Damietta is located between the Damietta branch of the river Nile and Lake Manzala on the northern
coast of Egypt. Gamasais located on the northeast coast toward the west of Damietta branch. This
area hosts significant numbers of overwintering waterfowl each year andis frequented by poultry
from surrounding households and commercial poultry farming. Furthermore, this area had positive
influenza cases in domestic birds just before the sampling period, as confirmed by the Reference
Laboratory for Veterinary Quality Control on Poultry Production (RLQP). The sample size was limited
to the agreement of fishermen or bird sellers. However, to guide field researchers and ensure effective
sampling, only live migratory birds that were caged or tied close to a live bird and offered for sale in
LBM were sampled. Representative images of sampled birds and their clinical signs were reported.
Two cloacal swabs were collected from each bird, the first of which was placed individually in cryovials
containing viral transport medium for IAV detection. The second swab was kept in non-selective
media for bacterial isolation and identification. Samples were stored on ice once collected and
were transported rapidly to RLQP for laboratory processing. The sampling plan and experimental
procedures were reviewed and approved by RLQP Scientific and Ethics committee (Agreement No.
2429), in accordance with guidelines of the Ministry of Agriculture and Land Reclamation and the
Ministry of the Environment, Egypt.

4.2. Influenza Molecular Diagnosis

Swabs from each bird were individually subjected to RNA extraction using a QIAamp viral RNA
mini kit (Qiagen, GmbH, Hilden, Germany) in accordance with the manufacturer’s instructions and
extracted RNA quantity and purity were measured by Nano DropTM 2000 spectrophotometer. Reverse
transcription and amplification were performed using the QuantiTect Probe RT-PCR kit (Qiagen,
GmbH, Hilden, Germany) and analyzed using the Mx3005P real-time PCR system (Stratagene, La Jolla,
CA, USA). The primers and probes that were used to amplify the AIV matrix gene (M) and the thermal
profile were previously described [42]. Positive samples for the M gene were tested for HA- H5, H6, H7,
and H9 in accordance with the procedures previously described by [43], [44], [45], and [46], respectively.
The neuraminidase N1, N2, and N8 were tested as previously described by [47] and [48]. For molecular
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pathotyping and confirmation of PCR subtyping, a pan-HA RT-PCR targeting the HA0cleavage site
of influenza A viruses followed by direct sequencing were used, as previously described by [49].
Neuraminidase subtyping was confirmed by pan-NA RT-PCR assay followed by direct sequencing,
as previously described by [50]. Positive samples were subjected for Newcastle disease virus and
coronavirus detection by quantitative RT-PCR, as previously described in [51] and [52], respectively.

4.3. Virus Isolation and Full HA Gene Sequencing

One hundred µl of the original cloacal swabs were inoculated once into embryonated chicken
eggs and allantoic fluids were harvested in accordance with OIE recommendations [53].Collected
allantoic fluids were tested for AIV by the haemagglutination (HA) assay and PCR targeting of the M
gene before full HA sequencing. In brief, RNA was extracted using a QIAamp viral RNA mini kit
(Qiagen, GmbH, Hilden, Germany) in accordance with the manufacturer’s guidelines. The first-strand
cDNA was synthesized using SuperScript III reverse transcriptase (Invitrogen, Waltham, MA, USA)
usingUni-12 universal primer [54]. Synthesised cDNA was amplified with specific primers that cover
all HA genes [54]. PCR products of expected sizes were purified from agarose using a QIAquick Gel
Extraction Kit (Qiagen, GmbH, Hilden, Germany) in accordance with the manufacturer’s instructions.
Sequence reactions were performed using the Big Dye Terminator Version 3.1 cycle Sequencing Kit
(Applied Biosystems, Foster City, CA, USA). Sequence reactions were purified using Centrisep spin
columns (Thermo Fisher, Waltham, MA, USA) and were then analyzed using the 3130 Genetic Analyzer
(Applied Biosystems, USA). The retrieved sense and antisense sequences were assembled and trimmed
and a consensus was generated using the Geneious®software, version11.0.5 [55]. Full HA sequences
of all samples were compared with the Pan HA sequence results, which were verified using an online
Basic Local Alignment Search Tool (BLAST) (https://blast.ncbi.nlm.nih.gov/Blast.cgi).

To perform phylogenetic analysis, full HA sequences of H5, H6, and H9 sequences epresenting
different genotypes were retrieved from GenBank and GSAID, with special reference to genotypes
recently found circulating in Egypt and neighboring countries, and aligned with sequences from
the present study. The alignment was performed with Clustal W in MEGA software version 7 [56].
Phylogenetic trees were constructed with the same software using maximum likelihood, with the
substitution model general time-reversible with gamma-distribution (GTR+G) and 1000 bootstrap
replicates. The trees were viewed using Fig tree V1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/).

4.4. Bacteriological Isolation, Identification, and Antibiotic Resistance Profiling

Cloacal swab samples were placed in tubes containing buffered peptone water (Oxoid, Basingstoke,
UK) and transported in an icebox to the laboratory in the RLQP-Gamasa branch. Bacteriological
examinations for the detection of Enterobacteriaceae were performed in accordance with the reference
procedure [57]. The biochemically confirmed E. coli and Salmonella isolates were serologically
identified in accordance with [58] and [59], respectively. Unidentified isolates were subjected to further
biochemical tests in accordance with [60]. For antimicrobial susceptibility testing, seven critically
important antimicrobials [41] that are commonly used in Egypt were tested using the agar disc diffusion
method on Muller Hinton agar plates in accordance with the reference procedure [61].

5. Conclusions

Altogether, wild birds in LBM represent a potential reservoir for influenza viruses and AMR,
which represents a big risk, especially if we bear in mind that a lot of domestic birds that are offered for
sale at LBM are mainly used for restocking, which will lead to further dissemination in the backyard
system. However, it is still not fully confirmed whether wild birds acquired enzootic AIV and CIA
resistance from other domestic birds in the LBM or through the intake of polluted water or food
contaminated with human or animal waste in their habitat or from backyard birds near to their habitat.
On that basis, further epidemiological studies include environmental samples from wild birds’ habitat,
onsite wild birds sampling, plus samples from surrounding domestic birds in backyards, LBM, and

https://blast.ncbi.nlm.nih.gov/Blast.cgi
http://tree.bio.ed.ac.uk/software/figtree/
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from sellers using appropriate sanitation measures. This is necessary to understand the mode of
transmission of resistant bacteria and enzootic AIV to wild birds and their ability to maintain and
disseminate infection into the environment. Further, the high prevalence of antibiotic-resistant bacteria
and presence of diversified E. coli serotypes, Salmonella pathotypes, and AIV in some species, such as
Northern shoveler, which is considered a very common migratory bird that lands in Egypt for about
four months per year, highlights the importance of providing a list of the number and species of the
sampled birds in all future studies [11] and strengthens the importance of the directed surveillance in
particular important wild birds.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-0817/9/3/196/s1,
Table S1: List of samples information.
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