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ABSTRACT

Background: Avian influenza H5N1 has been distressing not only the
poultry industry but also humans causing fatal infections in Egypt.
Understanding the initial steps in the viral infection was proposed by many
to be a key for solving the entire problem. Domestic healthy chicken, Pekin
duck, Egyptian goose, Japanese quail, pigeon and turkey were purchased;
three adult birds per each species. Lectin histochemistry was performed
using fluorescein isothiocyanate labelled Sambucusnigra agglutinin specific
for SAa2,6-gal receptors, and FITC labelled Maackiaamurensis agglutinins
specific for SAa2,3-gal receptors. Methods: From each bird, three
specimens per each trachea, lung, duodenum, colon, liver and brain were
used. In chicken, duck, goose, Japanese quail, domestic pigeon and turkey,
both SAa2,3-gal and SAa2,6-gal receptors were expressed in at least one
segment of respiratory and intestinal tracts except in pigeons where
SAa2,3-gal receptors were not expressed in the respiratory tract while in
ducks were not expressed in lower respiratory tract and in turkey not
expressed in small intestine. The human type receptors were not expressed
in the lower trachea of goose, large intestine of chicken and intestinal tract
and liver of turkey and pigeons. Results: The widespread detection of both
SAa2,6-gal and SAa2,3-gal receptors in different tissues from each species
suggests that these birds’ organs may be potential targets for both avian
and human influenza viruses, and can act as adaptive host for avian
influenza viruses to change receptor specificity. This may indicate that
different native bird species in Egypt could have participated equally or
variably in the generation of H5N1 viruses that were able to extensively
infect humans. All experimental procedures were approved by Damanhour
university ethics committee. The widespread detection of both SAa2,6-gal
and SAa2,3-gal receptors in different tissues from each species suggests
that these birds’ organs may be potential targets for both avian and human
influenza viruses, and can act as adaptive host for avian influenza viruses to
change receptor specificity. Conclusion: This may indicate that different
native bird species in Egypt could have participated equally or variably in
the generation of H5N1 viruses that were able to extensively infect humans.
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H5N1 avian

(OIE, 2008; FAO, 2013).
influenza has been infecting humans in Egypt sitece
start in 2006 but strikingly fatal in 2015 with 8@aths
out of 136 infected cases (WHO, 2015). Adaptatibn o
avian influenza viruses to humans has been the main receptor type binding abilities. Further, the as@lypf a

Further,

concern regarding the pandemic threat to humarttheal
And in Egypt, the increasing percentage of deatbrem

tracheal epithelium (Wan and Perez, 2006; Kuchiptdi
al., 2009; Kimble et al., 2010; Yu et al., 2011;n¥ada

et al., 2012) suggesting the role of these spacitise
propagation and dissemination of viruses with human

virus expressing the HA of H5N1 virus derived from
geese in Egypt showed that the virus had an ineteas

infected human cases raises many concerns regardingaffinity to bind a2,6 SA-gal receptors, while retaining

the species-crossing capabilities of avian inflaenz
viruses in the country. Birds are reared in Egypt
together in one place and in close proximity to hom
as well. This increases the chances of transfeiralf
infections among different birds and humans. Addng
that the abundance of life bird markets all oves th
country that facilitates the mixing between birdsl a
direct handling by man. Previous studies on the
epidemiology of H5N1 infection in domestic birds in
Egypt reported infections in backyard reared amthfa
reared chickens, ducks, turkeys and geese sincé 200
(Hafez et al., 2010). The prevalence was more kedi
waterfowls and chickens than turkeys. Further, eher
was no pigeon infections early 2006-2007 even thoug
the samples were from dead or clinically ill pigson
from the vicinity of infected poultry (Aly et al2007).
Only till 2011, when Kayali et al., (2011) reportedly

1 pigeon swab sample to be positive. On the cantrar
ducks are known hosts of influenza viruses and once
infected are able to asymptomatically excrete dtiesit

of the virus, thus acting as a silent reservoiilifating
transmission to other birds (Olsen et al.,, 2006).

its 02,3 SA-gal binding properties (Watanabe et al.
2011b). Knowing that in Egypt, geese are mostly
confined to house backyard rearing increases the
concern of possible outcome of the closer and
continuous contact with human with potential
asymptomatic hosting of avian influenza viruses
capable of inducing human serious illness. In &afdit
Elmasry et al., (2015) showed that ducks and geese
live bird markets in Egypt had higher positive
probabilities of being infected with HPAI H5N1 viu

as compared to chickens. They added that they €an a
well act as a silent carrier spreading the infectio
unnoticed among other poultry species. So, these
species can represent a potential receptor swgchin
host. Understanding the initial steps in the viral
infection was proposed by many to be a key for
protection protocoles. The first step in the virus
infection cycle is its interaction with the cellrface
receptors, thus developing drugs that target this
interaction would greatly help controlling the icfien.
Watanabe et al. (2011b) confirmed that the viral 6fA
human isolates from Egypt have changed their recept

Watanabe et al., (2011a) reported that ducks are aspecificity fromo2,3 SA-gal tau2,6 SA-gal which may

possible reservoir for the emergence of H5N1
outbreaks, spread to domestic poultry and humants, a
the ongoing epidemics in Egypt. Influenza viruses
attach to host cells through the interaction of vhral
hemagglutinin  with sialic acid (SA) containing
receptors on the cell surface and subsequentiwiallp

cause a subsequent increase in human H5NL1 influenza
virus infections in Egypt. However, studies on tiyge

and distribution of avian influenza receptors ire th
different tissues of domestic poultry in Egypt atél
lacking. In the present study, we aim to investghte
anatomical distribution patterns of HSN1 SA recepto

the viral envelope and host cell endosomal membrane in different organs of native bird species (chicken

fusion, releasing the nucleocapsid into the cypla
(Skehel and Wiley, 2000). These interactions detesm

ducks, turkeys, geese, quail and pigeons) that are
intensively reared in Egypt in order to evaluate th

to a large extent the host range and the consequentpotential of these species to support the virusciidns

successful interspecies circulation of influenzaisés
(Matrosovich et al., 1999). Avian influenza viruses
prefera2,3SA-gal receptors whereas human and swine
influenza viruses prefer2,6SA-gal receptors (Suzuki et
al., 2000; Gambaryan et al., 2005). Previous ssudie

with tropism for SAe-2,6 and/or SAx2,3 terminal
saccharides and therefore act as “mixing vesseals” o
potential receptor-switching hosts.

showed that ducks and geese abundantly express théVIATERIALS AND METHODS

avian- type receptorsu2,3SA-gal in the tracheal
epithelium (Kuchipudi et al., 2009; Kimble et &Q10;

Yu et al.,, 2011), while chickens, turkeys and jail
express both avian and human-type receptors im thei

Ucademia Unatomica Jnternational

Val. 4, Issue 1, January-June 2018

Animals and tissue preparations:

Three adult healthy birds of the following six sigsc
were purchased from the Egyptian market: chicken,
Pekin duck, Egyptian goose, Japanese quail, damesti
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in

pigeon and turkey. The birds were handled
accordance with legislation and regulations of the
Egyptian Veterinary authorities on the use of labany
animals for research. Animals were sacrificed and
samples were freshly collected from the tracheag,lu
duodenum, colon, liver and brain. All samples were

rinsed in phosphate buffered saline (PBS) then
immersed in PBS containing 4 % paraformaldehyde for

expression of Sé2,6-gal was detected on ciliated
epithelial cells of upper and lower trachea, widle in

the mucous gland of the trachea, bronchial epithreli
and alveolar lining. No expression was detected in
goblet cells and the lung mucous glands.

Duck

Strong expression of SR&,3-gal receptors was

subsequent processing. The tissue samples wereobserved in the ciliated epithelial cells of thepep

processed for paraffin sectioning (Bankroft and
Gamble, 2008). Paraffin sectiongu®®) were prepared
using a rotary microtome (Leica RM 2255) and
mounted on poly —L-lysine coated slides.Detectibn o
SAc2,3-gal and SA2,6-gal receptors by lectin
histochemistry: The distribution and expressiorelef
SAu2,3-gal and SA2,6-gal receptors was analyzed in
paraffin- embedded tissue sections. The sectione we
deparaffinized in xylene followed by hydration in
decreasing alcohol concentrations.  Fluorescein
isothiocyanate  (FITC) labelled Sambucusnigra
agglutinin (SNA) specific for Sé2,6-gal, and FITC
labelled Maackiaamurensis agglutinins (MAA 1)
specific for SA2,3- gal were used. All lectins were
provided by Vector Laboratories, Burlingame, CA.
Lectin histochemistry was carried out as described
previously (Konami et al., 1994, Shinya et al., @00
The tissue sections were washed with 0.05M Trigebuf
saline (TBS) pH7.6. Sections were blocked using a
carbon free blocking solution (Vector Laboratories)
according to manufacturer’s instructions, followeyg
4°C overnight incubation with FITC labeled SNA at a
concentration of 5pg/ ml and FITC labeled MAA llaat
concentration of 10pg/ml. Following incubationg th
slides were washed with TBS then mounted with
VECTASHIELDER Hard + set TM Mounting medium
(Vector Laboratories) and examined. Relative iritgns
of the receptors expression was based on the pageen
of cells in at least three sections. Reactivity wesled
as: negative (-), low (+; > 1%< 10%), moderate (++;

> 10% -< 50%), strong (+++; > 50%).

RESULTS

Detection of SA2,3-gal and SA2,6-gal receptors in
the Respiratory tract There was a marked variation
the distribution and expression of influenza recept
among the different poultry species along the
respiratory tract [Table 1 & Figure 1 a & b]

Chicken

Low expression of Sé2,3-gal receptors was detected
on ciliated epithelial cells of upper and lowerctraa
and bronchial epithelium, while there was no exgioes

in the mucous glands along the respiratory trastels
as tracheal goblet cells and the alveolar liningdbtate
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trachea, while low in that of the lower trachea #mel
upper tracheal mucous gland epithelium. No expoassi
could be detected in other parts of the respirai@t.

No expression for the SR&,6-gal receptors could be
detected in the upper trachea. the mucous glandls an
goblet cells of the lower trachea. The lower trathe
ciliated epithelium showed low expression for the
SAc2,6-gal. Moderate expression for &A6-gal
receptors was detected in the bronchial epithekis,
alveolar lining and mucous glands of the lung.

Geese

Low expression of Sé2,3-gal receptors was detected
in the upper tracheal ciliated epithelial cellsprimhial
epithelium and mucous glands and alveoli of theylun
No expression could be detected in the mucous gland
epithelium of lower trachea. Moderate expressios wa
found in the lower tracheal ciliated epitheliallsednd
goblet cells as well as the upper tracheal muctarsdg
epithelium. In contrast, the expression of theu®A-

gal receptors showed moderate expression onlyen th
upper tracheal ciliated epithelial cells. The otparts of
the respiratory tract were either low; upper trathe
mucous glands, bronchial epithelium and mucousdglan
epithelium of the lung or negative; lower tracheal
ciliated epithelial cells, goblet cells, mucousngla of
lower trachea and alveolar lining.

Turkey
Tracheal ciliated epithelial cells showed low eggien
for the SAu2,3-gal receptors, while moderate

expression was detected in the bronchial epithetinth
mucous gland epithelium of the lung. Upper tracheal
mucous gland epithelium, goblet cells and alveolar
lining didn’t show any expression. In contrastosty
expression of Sé2,3-gal receptors was seen only in the
mucous glands of the lower trachea. Strong sigofls
SAc2,6-gal receptors were detected in the upper
tracheal ciliated epithelial cells and lower traahe
mucous glands. Low expression was present in lower
tracheal ciliated epithelial cells and alveolarinm
while the upper tracheal mucous glands, goblescell
bronchial epithelial cells and lung mucous glandsewn
negative for SA2,6-gal receptors.

Pigeons
The respiratory tract of pigeons showed negative

expression for Sé2,3-gal receptors. While the &2,6-
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gal receptors were strongly expressed by the e@iliat showed moderate positivity for $2,3-gal receptors

epithelial cells of the upper and lower tracheadktate and low for SA2,6-gal receptors. The Expression of

and low expression for $#,6-gal receptors were seen  SAo02,3-gal receptors in the intestinal glands of

in the alveolar lining epithelium and goblet cells, duodenum was strong, in contrast to negative.238:

respectively. Negative S&,6-gal expression was gal. The epithelial lining of the colon villi, gadil cells

detected in the other parts of the respiratory.trac and intestinal glands showed low, strong and meelera
Lails expressipn for Sé2,3-gal receptors respectively.

Quails . L Meanwhile, SA2,6-gal receptors in the colon showed

Expression of the S#2,3-gal receptors was negative in derate | d no expression in the intestifzaidy

upper tracheal ciliated epithelial cells and alaeol mogerate, ow an pression in t -

S : goblet cells and the epithelial lining of the villi

lining, low in the upper tracheal and lung mucoland respectively

epithelium, while moderate in the bronchial epitiel. ’

Expression of SA2,6-gal receptors was low in the . X

upper tracheal ciliated epithelial cells, modeiatéhe Fig. Ia e,

lower tracheal ciliated epithelial cells and stranghe

bronchial epithelium, whereas other parts of the

respiratory tract were negative_ l ppt‘l‘ lra(‘llt‘a l,('“('r ll’M‘h("J llmﬂ

Detection of SA2,3-gal and SA2,6-gal receptors in

the Intestinal tract and Liver The distribution of

SAc2,3-gal and SA2,6-gal receptors varied between Chicken

the different species along the intestinal tract

(duodenum and colon) as well as the liver as desdri

in details in Table 2 and Fig. 2a & b.

Chicken

Low expression of Sé2,3-gal receptors was observed

associated goblet cells were negative. The colon

showed low expression of $2,3-gal receptors except

for the negative epithelial cells lining the villihe liver,

epithelial lining of the portal duct and gobletlselere

moderately stained meanwhile, the hepatocytes were .

negative. On the contrary, 82,6-gal receptors showed Geese

negative expression for all previous structure pixéer

a low expression in the epithelial lining of thelivof

the duodenum.

Ducks

The duodenal columnar epithelial cells lining thikkus Turkey

and the crypt of Lieberkihn showed negative v

expression for the S&,3-gal and SA2,6-gal receptors

as well as the epithelial lining the villus of tb@lon. On

the contrary, moderate expression was detectebein t

duodenal and colon goblet cells for &A3-gal

receptors, while low for Sé2,6-gal receptors. Colon

crypts of Lieberkiihn were moderately expressing the Pigeon

avian type receptors, while strong for the humaety

receptors. The liver had low 82,3-gal expression for

hepatocytes and goblet cells while moderate for the

portal duct epithelium. In contrast, %26-gal

expression was strong in the hepatocytes, while no

in the duodenal columnar epithelial cells lining willi Duck
and the epithelium of the crypts of Lieberkiihn. The

positive cells could be detected in the portal dumict Quail
goblet cells.

Geese
Duodenal epithelial lining of the villi showed néiga
expression of both receptors. In contrast, theajatalls

C
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Fig. Ib a2, 6 Fig. 2b

" Small intestine  Large intestine Liver
Upper trachea Lower trachea Lung
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Plgeon Pigeon

Quail Quail

Figure 1: Expression patterns of Influenza receptorthd
respiratory tract of different bird species. Seautiowerd
stained with FITC- MAAII for SAe2,3 receptors (a) a
were stained with FITC- SNA for SA2,6 receptors (b
(Magnification x20 and x40).

Fig. 2a a3

Figure 2. Expression patterns of Influenza receptorthd
digestive tract of different bird species. Sectionerg
stained with FITC- MAAII for SAe2,3 receptors (a) al
were stained with FITC- SNA for SA2,6 receptors (b
(Magnification x20 and x40).

al,’

3 a6
o - -

Pigeon Figure 3. Expression patterns of Influenza receptorthe
brain of different bird species. Sections werensdi wit
FITC- MAAII for SA-a2,3 receptors (a) and were stai
) with FITC- SNA for SA«2,6 receptors (b). The species
Quail positive expression were only shown. (Magnificatix20
and x40).

C
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Turkey
No positive expression could be observed for either

types of the receptors; avian or human in the timais
tract except for a low expression in the colon for
SAu2,3-gal receptors was observed in the epithelial
lining of the villi and goblet cells in addition to
hepatocytes.

Pigeons
Moderate expression of @&,3-gal receptors was

observed on epithelial lining of the villi in the
duodenum. Low expression of &23-gal receptors
was observed in the goblet cells and intestinaldgaof
the duodenum and goblet cells of the colon. In remnt
there was a strong expression in the epitheliatdirof
the villi and intestinal glands of the colon. Pigdiver
showed low expression of $&,3-gal receptors.
Regarding the expression of &A6-gal receptors, a
low level was visualized in the duodenal gobletscel
only, while other parts of the intestinal tract aihe
liver were negative.

Quails

The duodenum showed low expression ofu38-gal

in the epithelial lining of the villi while strong
expression in the goblet cells and intestinal gtaridhe
SAu2,3-gal in the colon was only strongly detected in
the epithelial lining of the villi. The liver showde
moderate expression in the portal duct and theegobl

cells but not the hepatocytes. The o256-gal
expression was only detected in the intestinal dflaof

the duodenum with low expression. In contrast,
SAu2,6-gal expression was moderate and strong in the
colon in epithelial lining of the villi and gobletells,
respectively. Further, the liver showed &£6-gal low

and strong expression in the hepatocytes and thal po
duct, respectively with no expression in the gobéits.

Detection of SAu2,3-gal andae2,6-SA receptors in the
brain

No expression could be detected foro3/8-gal and
SAu2,6-gal receptors in the neuronal tissue of thenbra
of any of the tested bird species. Further, the253:

gal expression was low in the brain meninges of
chicken, pigeons and quails but negative in turRée
expression of SA2,6-gal receptors was moderate in
chicken and low in pigeons and quails (Table.3,3yig

Table 1: Distribution of SA2,3-gal and SA2,6-gal receptors in the upper and lower respiyaiacts of poultry species.

Tissue, cell type

Species and lectin binding

Chicken Duck

Geese

Turkey Pigeons Quails

a2,3 2,6 a2,6 a2,3

a2,6 a2,3 2,6 | 02,3 a2,6 a2,3

Upper trachea

Ciliated epithelial cells ++ +

++4

Mucous glands + ++

Lower trachea

Ciliated epithelial cell ++ ++

Goblet cells ++

+

Mucous glands

Lung

Bronchial epithelium + ++

Mucous glands ++

Alveolar Lining + ++ T

- ++ -

Distribution of SAr2,3-gal and SA2,6-gal receptors was evaluated using lectin higostry. -: negative; +: low; ++: moderate; ++troag; ND: not determined.

Tissue, cell type

Species and lectin binding

Chicken Duck

Geese Turkey Pigeons | uails

2,3 | 02,6 | 02,3 | a2,6

a2,3

a2,6 a2,3 a2,6 2,3 | 02,6 | 02,3 | 02,6

Duodenum

Epithelial lining of villi + +

- - - - ++

- - ++

Gaoblet cells

++ + +++

Crypts of Lieberkiihn +

(Intestinal glands)

++H ++4

Colon

Epithelial lining of villi

+++ ++ ++

Goblet cell ++

+++

+++

Crypts of Lieberkiih ++ i+

++

++ +++

(Intestinal glands)

Liver

Hepatocytes +++

Epithelial lining of portal ducts ++ ++

ND| ND ++ +++

Goblet cells ++

++
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The distribution of SA2,3-gal and SA2,6-gal receptors was evaluated using lectin higtogstry: -: negative; +: low; ++: moderate; +++rosg; ND: not
determined

Table 3. Distribution of SA2,3-gal and SA2,6-gal receptors in the brain of poultry species.

Species and receptor type

Tissue, cell type Chicken Duck Geese Turkey, Pigesn Quails
a2,3 a2,6 | 02,3 a2,6 a2,3 a2,6 a2,3 a2,6 2,3 | 02,6 | 02,3 | 02,6
Meninge: + ++ ND ND - ND + + + +
Neuronal tissue - - -

The distribution of SA2,3-gal and SA2,6-gal
determined.

DISCUSSION & CONCLUSION

In this study the distribution of influenza virueceptors
was studied in a range of tissues from poultry igsec
raised intensively in Egypt; chicken, Pekin duck,

receptors was evaluated using lectin Higoustry. -: negative; +: low; ++: moderate; ++tto8g; ND: not

could represent a possible asymptomatic carrieraand
silent transmitter of avian influenza viruses.

The avian-type receptors, 82A3-gal, in ducks
dominated in the upper tracheal epithelial cellsilevin
the lower tracheal ciliated epithelial cells of geeas
reported (Franca et al., 2013). The tracheal ezmes

Egyptian goose, Japanese quail, domestic pigeon andin ducks and geese was reported before but as

turkey. The tested species are commonly reareéryn v
close contact with human, mainly in backyards and
even more directly in live bird markets, representa
potential risk of circulating avian influenza viess
Using lectin immunohistochemistry, we found

concerning the trachea in general and not in Eerts
the current study and less in abundance as well
(Kuchipudi et al., 2009; Kimble et al., 2010). Whibn
the contrary, Costa et al., (2012) reported moderat
expression on the tracheal ciliated epithelium in

widespread and variable expression of both human mallards.

(SAa2,6-gal) and avian (S#,3-gal) influenza virus

Further, Yu et al., 2011 reported that only fewiscel

receptors in a range of tissues from each species,expressed the S$R&,3-gal in the upper and lower

suggesting that these species may be likely tarfgets
both avian as well as human influenza viruses.

In chicken, Pekin duck, Egyptian goose, Japaneai, qu
domestic pigeon and turkey, both &A\3-gal and

trachea in ducks No expression ofd243-gal receptors
could be detected in the lower respiratory traauwfks
and turkey small intestine as well. Franca et(2a013)
reported strong expression of &A3-gal and SA2,6-

SAa2,6-gal receptors were expressed in at least one gal receptors in lungs and trachea, respectivélyild

segment of the respiratory and intestinal tractepiin
pigeons where the SR&,3-gal receptors were not
expressed in the respiratory tract which may erplai
why they are not commonly naturally infected with
avian influenza viruses. This was previously conéd

by Liu et al., 2009 who showed that litle or no
expression of Sé2,3-gal could be detected in the
respiratory tract of pigeon with minimal occasional
alveolar expression. Contrary to that, Franca et al
(2013) reported strong expression of 0@48-gal and
SAa2,6-gal receptors in the trachea and lungs of wild
pigeons, which could be explained by differencethen
lectins isoforms or bird breed used in individualdées.

ducks, which is opposite to our findings. Thussit i
possible that a difference in the bird breed cduéd
responsible for the different expression profilesoag
different studies.

The human type receptors, &A6-gal was not
expressed in the lower trachea of goose, largstinge

of chicken and the intestinal tract and liver ofkey
and pigeons. The dominant &A6-gal receptors
expression pattern was detected in the upper t@ahche
ciliated epithelial cells in chicken, geese, turkey
pigeons and quails and is consistent with previous
reports (Gambaryan et al., 2002; Kim et al., 2005;
Kuchipudi et al., 2009 and Pillai and Lee, 2010) in

However, pigeons have been recently reported to be chicken, (Liu et al., 2009; Costa et al., 2012pigeons,

naturally infected with H5N1 in Egypt (Mansour ét a
2014). On the contrary, the &2 6-gal receptors was
abundantly expressed in the pigeon intestinal.tfdus

while it was in contrast to Kimble et al., (2010)da
Franca et al., (2013) in goose, Pillai and Leel(2@nd
Costa et al., (2012) in turkey. Wan and Perez, §200

may suggest that either H5N1 virus can have altered showed that the majority of the epithelial cells in

receptor usage in the respiratory tract of thesdstor
that the infection is first established in the stitgal
tract and spreads thereafter to other organs, iekma
why it is not commonly a natural host for HSN1 ru
Considering that pigeons are intensively reareigypt
as either a meat source or a fancy bird and in tasgbs
they are in very direct and close contact to hurttay

Ucademia Unatomica Jnternational
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chicken trachea expressed &243-gal receptors, while
few were positive for Sé2,6-gal receptor, this is in
contrast to our results were &36-gal showed wider
and denser expression in the upper and lower @aate
well as the alveolar lining of the lung. A possible
explanation for the discrepancy in the receptor
distribution in chicken trachea could be the chicke
breed and/or the source of the lectin used. Lettom
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different suppliers or isoforms may show different
binding specificities, in particular the source MAA
has been shown to significantly affect specificity
(Nicholls et al, 2007; Pillai and Lee, 2010). Thighh
levels of expression of S&,6-gal receptors in the
tracheal epithelium, especially in pigeons, suggtsit
these species may be more vulnerable to support thereceptor in the large intestine. These differeremmdd

evolution of avian influenza viruses with highefirafy

for human SA2,6-gal receptors.

The expression of S&,6-gal receptors in the lower
and upper tracheal ciliated epithelial cells wassame

in chicken and pigeons, while lower in the upper as
compared to the lower trachea in quails. Meanwhile,
human type receptors showed low levels of staiiting
duck’s upper trachea and turkey's lower tracheaodio
knowledge, only few reports discussed the exprassio
of influenza receptors in different parts of thactrea
and only in chicken, ducks and quails (Yu et &1D).
The expression of both receptors in the bronchial
epithelial cells in chicken, geese and quails was i
agreement with Costa et al.,, (2012) in chicken and
quails, (Yu et al., 2011) in common quails, and Wan

SAa2,6-gal receptors in the large intestine in ducid a
geese. In chicken, we observed a low level of stgin
for both receptors on the epithelial cell of duagen
whereas Liu et al., (2009) and Costa et al., (2@l1Q)
not detect SA2,6-gal receptors in the intestinal tract of
chickens, and Kuchipudi et al., (2009) only detédtes

be attributed to the differences in the bird bresdd.
The avian type receptors had strong expressiohen t
colon of quails and low level of staining in the
duodenum which is in agreement with Costa et al.,
(2012) but in contrast to Kimble et al., (2010) who
showed low level of expression in the colon. A rgce
study, however, reported a very minimal expressibn
SAa2,3-gal receptors in the large intestine of duct an
geese Kimble et al., (2010), which is opposite e t
strong expression reported by Franca et al., (2013)
the large intestine. In agreement with Wan and 2ere
(2006) and Guo et al., (2007) abundanta3A-gal
receptors were detected in the colon of quails.

The isolation of avian influenza viruses from other
organs such as the liver and the brain has beenteep

and Perez (2006) in Japanese quails inwhich both before (Watanabe et al.,, 2011a). The avian type

SAc2,3-gal and SA2,6-gal receptors were observed
with a slight difference in the expression levehist
difference in receptor expression could be reldted
interspecies differences. On the other hand, awtexp
by Kimble et al., (2010), there was no expressibn o

SAa2,6-gal receptors in older geese trachea and lung,

which is opposite to the strong expression repdoted
Franca et al., (2013), however, age differencesddoel

a factor. Negative expression for both receptors wa
recorded in pigeon bronchial epithelial cells imicast

to Liu et al., (2009) who recorded high expressién

receptors was moderately expressed in the liver of
chicken, ducks, turkey and pigeons in the portait du
and goblet cells in contrast to &26-gal receptors,
which were expressed only in the duck hepatic .cklls
contrast, quails had strong expression ofu&-gal
receptors in the epithelial lining of the portactwhile
moderate expression of the &3-gal receptors. Even
though, no data is available regarding the receptor
expression pattern in the liver, the wide and ahnnd
expression of Sé2,6-gal receptors in quails support
those reported before by Wan and Perez (2006) and

SAu2,6-gal receptors in pigeons. Moderate expression Guo et al., (2007) that quails could be more likelype

of SAu2,6-gal receptors in bronchial and alveolar lining
epithelium of duck was in agreement with Pillai and
Lee (2010) and in contrast to Kuchipudi et al.,0@20

an intermediate host for the generation of infléenz
viruses with adaptive mutations with pandemic
potential. Noting that several avian influenza s@sl

and Costa et al., (2012). The moderate expresdion o has been successfully recovered from the brain of
SAu2,3-gal receptors in turkey is as recorded by Costa naturally infected birds (Watanabe et al., 201ia);

et al., (2012) and Kimble et al., (2010) but intrast to
Pillai and Lee (2010). Such difference could bates
to the lectin’s isoform as they used MAA not MAAII.

expression of both receptors was detected in the
meningeal layer in pigeons as reported beforei Rile
Lee (2010), and also in chicken and quails, wiikre

The human type receptors were not expressed in thewas no expression detected in the neuronal tiSthees.

epithelial lining the villus in the duodenum andoro
and also in the intestinal gland of the small itwesof
ducks, geese, turkey and pigeons consistent wili Pi
and Lee (2010) and Costa et al., (2012) in duckk an
turkey, Kimble et al., (2010) in turkey, Kuchipugtial.,
(2009) in ducks, Liu et al., (2009) in pigeons &ndnca

two interesting species in our results are theqrigeand
geese, both having human type receptor expression i
the upper respiratory tracts that can possibly rateu
the replication of SA2,6-gal-using influenza viruses.
Such viruses that could possibly replicate in thpeu
respiratory tract of such birds may acquire the &um

et al.,, (2013) in ducks and geese duodenum. The type receptor binding capabilities and be a paténti

absence of Sé2,6-gal receptors in the intestinal tract of
these species did not prevent the infection, evan |
with the human-origin H1N1 virus in the small iritee

of ducks and turkey (Costa et al., 2012). In catfra

pandemic risk. Even though, influenza receptoroase
of the essential requirements for host specificfy
influenza type infection, the distribution pattewfsthe
receptors detected here indicate that there cautather

Franca et al., (2013) reported strong expression of determinants that are utilized by influenza viruses
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