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ABSTRACT

Avian influenza viruses are considered to be key contributors to the emergence of human influenza
pandemics. A major determinant of infection is the presence of virus receptors on susceptible cells to which
the viral haemagglutinin is able to bind. Avian viruses preferentially bind to sialic acid o2,3-galactose
(SA02,3-Gal) linked receptors, whereas human strains bind to sialic acid 02,6-galactose (SAa2,6-Gal) linked
receptors. While ducks are the major reservoir for influenza viruses, they are typically resistant to the effects
of viral infection, in contrast to the frequently severe disease observed in chickens. In order to understand
whether differences in receptors might contribute to this observation, we studied the distribution of influenza
receptors in organs of ducks and chickens using lectin histochemistry with linkage specific lectins and
receptor binding assays with swine and avian influenza viruses. Although the intestinal epithelial cells of
both species expressed only SAa2,3-Gal receptors, we found widespread presence of both SAa2,6-Gal and
SA02,3-Gal receptors in many organs of both chickens and ducks. Co-expression of both receptors may
allow infection of cells with both avian and human viruses and so present a route to genetic reassortment.
There was a marked difference in the primary receptor type in the trachea of chickens and ducks. In chicken
trachea, SA02,6-Gal was the dominant receptor type whereas in ducks SAa2,3-Gal receptors were most
abundant. This suggests that chickens could be more important as an intermediate host for the generation of
influenza viruses with increased ability to bind to SAa2,6-Gal receptors and thus greater potential for
infection of humans. Chicken tracheal and intestinal epithelial cells also expressed a broader range of
SAa2,3-Gal receptors (both f(1-4)GlcNAc and B(1-3)GalNAc subtypes) in contrast to ducks, which suggests
that they may be able to support infection with a broader range of avian influenza viruses.
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INTRODUCTION seasonal disease epidemics. Wild birds are the natural

reservoir for all recognized subtypes of influenza A and as
Influenza A is one of the most important infectious such present a potential route for the emergence of new
diseases of humans and is responsible for recurrent viral strains which can cause human disease. If such newly
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emerged viruses acquire the ability to transfer effectively
from human to human they may lead to pandemic
outbreaks with widespread illness and mortality. The
HINT influenza pandemic of 1918 caused 20 to 50 million
deaths on a global scale, making it the single most
devastating disease outbreak in human history (Johnson
and Muller, 2002). This pandemic is believed to have been
caused by an avian virus that crossed the species barrier to
infect humans and underwent subsequent adaptation to a
new host (Taubenberger et al, 2005). The resultant virus
acquired exceptional virulence with the ability to replicate
in the absence of trypsin, induce death in mice and grow
rapidly in human epithelial cells (Tumpey et al, 2005).
Novel influenza viruses may also arise due to concurrent
infection with different virus strains through reassortment
of viral RNA segments (Horimoto and Kawawoka, 2005).
Reassortment of human and avian influenza A viruses is
thought to have generated the pandemic viruses of 1957
and 1968 (Webster et al, 1997). Avian influenza viruses
are therefore likely to continue to play a significant role in
the emergence of new human influenza strains (Perdue and
Swayne, 2005). More recently, human infections have
been caused by the emergence of avian H5N1 viruses,
initially in Hong Kong in 1997 (Claas et al, 1998;
Subbarao et al, 1998). Subsequently, H5N1 has re-
emerged as a significant threat to human health, with over
385 confirmed cases and 243 deaths (WHO data, June
2008). These cases have demonstrated that avian viruses
can directly infect humans without the need of
intermediate hosts such as pigs. However, the precise
molecular basis for the efficient transmissibility of avian
influenza viruses to mammals is not fully understood.

A major determinant of the ability of influenza viruses to
infect cells is the expression of the appropriate host cell
receptor to which viral haemagglutinin can bind.
Consequently, a crucial hurdle that influenza A viruses
need to overcome when crossing a species barrier is the
acquisition of the ability to utilize alternate host cell
receptors (Ito, 2000). Influenza virus receptors on host
cells are glycosylated oligosaccharides that terminate in
sialic acid (SA) residues which are bound to glycans
through an 02,3 or 02,6 linkage, mediated by
sialyltransferases that are expressed in a cell- and species-
specific manner (Gagneux et al, 2003). Avian influenza
viruses have been shown to preferentially bind to SA
receptors that are linked to galactose by an a2,3 linkage
(SA02,3-Gal), while human and classical swine viruses
show preference for receptors with an 02,6 linkage
(SA02,6-Gal) (Gagneux et al, 2003; Matrosovich et al,
2004). Among avian influenza viruses, chicken and duck
viruses have been shown to further differ in their ability to
recognize the structure of the third sugar moiety in
SAa2,3-Gal terminated receptors. A collection of avian
influenza viruses from chickens and ducks has been
studied for their binding affinities to synthetic receptor
analogues in vitro. A marked contrast in preferential
binding was noted, where influenza viruses from chickens
preferentially bound to synthetic sialylglycopolymer
containing NeuS5Ac-a(2-3)Gal-f(1-4)GIcNAc, whereas
viruses from ducks displayed a higher affinity for
NeuS5Ac-a(2-3)Gal-p(1-3)GalNAc  containing  polymer
(Gambaryan et al, 2003).
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Ducks and chickens are the major aquatic and terrestrial
hosts for a wide variety of influenza viruses and are
valuable natural models to study influenza, with ducks
displaying resistance to disease, but chickens, in contrast,
showing relatively high susceptibility. Receptors are
important determinants of virus entry and differences in
receptor distribution between hosts could therefore
account for variation in susceptibility to infection,
including the contrasting outcomes following infection
with many strains of highly pathogenic avian influenza
(HPAI). Influenza virus receptors in chickens and ducks
have previously been studied by virus binding assays using
extracted total gangliosides from plasma membranes of
respiratory and intestinal epithelial cells (Gambaryan et al,
2002). Based on the binding of human influenza virus with
SAa2,6-Gal receptor specificity, it was found that chicken
epithelial cells, but not duck epithelial cells, express
SAa2,6-Gal receptors. However, the receptor distribution
across intact mucosal surfaces and organ systems was not
studied. More recently, chicken trachea and duodenum
have been studied using lectin binding assays followed by
conventional immunohistochemistry and light microscopy
(Wan and Perez, 2006). Despite this, detailed information
on the distribution of influenza virus receptors in these
important avian hosts is lacking. To further evaluate the
potential role of receptor distribution in ducks and
chickens in determining susceptibility to infection, and the
potential of these species to support infection of viruses
with tropism for SA02,6-Gal and SAa2-3-Gal (and
therefore act as “mixing vessels”) we have examined in
detail the anatomical distribution of influenza A receptors
in key organs of both species.

MATERIALS AND METHODS

Animal tissues

Animals for this study comprised four 35-40 wk old,
commercial layer chickens (Glenrath Farms Ltd, East
Lothian, UK), four 4 wk old broilers (PD Hook
Hatcheries, Bampton, Oxfordshire, UK), two 3 wk old and
four 6 wk old Pekin ducks (Cherry Valley Farms,
Rothwell, Lincolnshire, UK). The animals were
euthanased and samples from trachea, lungs, heart, kidney,
brain, skeletal muscle, small and large intestine collected
into buffered neutral formalin.

Lectin histochemistry

Tissue samples were dehydrated and cleared using a
histokinette (Leica TP 1020) before being embedded in
paraffin wax. After embedding, the tissues were sectioned
using a rotary microtome (Leica RM 2255) with a
specimen feed of Sum. Lectin histochemistry using
linkage specific lectins was carried out with minor
modifications of a method described previously (Shinya et
al, 2006). Lectins used in the study were: Sambucus nigra
agglutinin (SNA) specific for SAa2,6-Gal (Shibuya et al,
1987), Maackia amurensis 1 (MAA 1) and Maackia
amurensis agglutinins (MAA 1II) which are specific for
SA02,3-Galp(1-4)GlcNAc and SAa2,3-Galf(1-3)GalNAc
respectively (Konami et al, 1994) (all provided by Vector
Laboratories, Burlingame, CA). Sections were pre-soaked
in TBS and blocked using a biotin-streptavidin blocking
kit (Vector Laboratories) according to manufacturer’s
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instructions, followed by 4°C overnight incubation with
fluorescein isothiocyanate (FITC) labelled SNA or FITC
labelled MAA I, and biotinylated MAA II lectin each at a
concentration of 10ug/ml. After three washes with TBS,
the sections were incubated with streptavidin-Alexa-
Fluor594 conjugate (Molecular Probes Inc, Eugene, OR)
for 2 hrs at room temperature (RT). The sections were
washed and then mounted with ProLong Gold antifade
reagent with 4°, 6-diamino-2- phenylindole, dihydro-
chloride (DAPI; Molecular Probes Inc, Eugene, OR).
Negative controls were performed omitting the primary
reagents. To rule out nonspecific binding of the lectins,
tissue sections were treated, prior to lectin staining, with
Sialidase A (N-acetylneuraminate glycohydrolase; Pro-
zyme, San Leandro, CA), which cleaves all non-reducing
terminal sialic acid residues in the order a(2,6)> a(2,3)>
a(2,8)> a(2,9). The sections were imaged using confocal
microscopy (Leica TCS SP2 AOBS). Differences in
receptor distribution on the mucosal lining of tracheae or
intestines were quantified using LCS Lite software. Mean
energy values were measured for each fluorochrome in a
representative area of the mucosa and corrected by
subtracting background energy values.

Receptor binding assays

Receptor binding assays with HIN1 classical swine strain
(A/Sw/lowa/15/30), a subtype closely related to the human
1918 pandemic influenza virus (Tumpey et al, 2004), and
a H2N3 low pathogenic avian strain (A/mallard
duck/England/7277/06) were performed by a previously
reported method, with minor modifications (Couceiro et
al, 1993). Briefly, paraffin embedded Spum sections of
chicken and duck tracheae, small and large intestines were
deparaffinised in xylene and rehydrated by alcohol.
Sections were incubated with avian or swine influenza
virus for two hours at 37°C. The sections were washed,
blocked with goat serum, and incubated with mouse
monoclonal antibody to influenza nucleoprotein (Abcam,
Cambridge, UK) at 1:1000 dilution for one hour at RT
followed by FITC-labelled goat anti-mouse IgG (Abcam,
Cambridge, UK) at 1:500 dilution for two hours at RT.
After three further washes with TBS, the sections were
mounted with ProLong Gold antifade reagent with DAPI
and scanned by confocal microscopy (Leica TCS SP2
AOBS). Negative controls were performed by omitting the
initial incubation with virus or primary antibody.

RESULTS AND DISCUSSION

We conducted an extensive examination of influenza virus
receptor distribution in a range of tissues from chickens
and ducks. No difference in the reported results was
observed due to the age or source of animals, and the
receptor distribution was consistent between individual
animals within each species. Using lectin staining, we
found widespread presence of both SAa2,6-Gal (SNA)
and SAa2,3-Gal (MAA II) receptors in a range of tissues
from each species, suggesting that these organs may be
potential targets for both avian and human influenza
viruses (Figure 1). The expression of SAa2,6-Gal
receptors in duck tissues is in contrast to a previous study
using virus binding assays which reported that plasma
membranes isolated from duck respiratory and intestinal
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epithelial cells did not express SAa2,6-Gal-terminated
receptors (Gambaryan et al, 2002). The exact reason for
this difference is not clear, however the previous study
used mallard ducks rather than Pekin ducks used in this
study, and the results were based on virus, rather than
lectin binding, to isolated cell membranes rather than
intact cells. Thus it is possible that a difference in the
methodology or choice of duck breed may be responsible.

Although there is widespread distribution of both receptor
types in both chickens and ducks, there are clear
differences in their spatial distribution within organs
between the two species. In the vascular endothelium of
the kidney, both SA02,6-Gal and SAa2,3-Gal receptors
were found in duck cells, but only the SAa2,6-Gal
receptor type was found in the corresponding region in
chicken kidney. The significance of this difference is not
clear, however presence of SAa2,6-Gal receptors in the
vascular endothelium in both species indicates that these
cells can be potentially infected by mammalian-like
influenza viruses and possibly play a role in the
haematogenous spread of the virus. Tubular cells of duck
kidney expressed both SAa2,6-Gal and SAa2,3-Gal
receptors, whereas chicken kidney tubular cells expressed
either SA02,6-Gal or SAa2,3-Gal receptors, but no co-
expression was observed. The endocardium, meninges and
muscle fibres of both species co-expressed both subtypes
of receptor (Figure 1). The expression of both host
receptors in such tissues in chickens and ducks suggests
that these avian hosts could possibly serve as “mixing
vessels” for virus reassortment following co-infection by
human and avian viruses.

Chicken and duck intestine predominantly expressed the
SAa2,3-Gal receptor type across the epithelial lining of
villi (Figure 2A), as previously reported (Ito and Kawaoka,
2000 & Wan and Perez, 2006). The measurement of
fluorescent mean energy values along the epithelial lining
of the mucosa showed no significant presence of SAa2,6-
Gal in intestines of either chicken or duck. This finding
reaffirms the avian digestive tract as a major predilection
site for avian influenza virus replication. The receptor
distribution in the large intestine of both avian species was
very similar to the small intestine (data not shown).

The major species difference that we observed between
chicken and duck in the relative distribution of SAa2,3-
Gal and SAa2,6-Gal receptors was along the tracheal
epithelium. In chicken tracheal epithelium, SAa2,6-Gal
(with SNA binding) was the dominant receptor type
whereas in ducks the SAa2,3-Gal receptor (with MAA 11
binding) was more abundant in the ciliated cells of the
tracheal epithelium (Figure 2B). Based on mean
fluorescent energy values, it was found that the ratio of
SA02,6-Gal to SA02,3-Gal in chicken trachea was
approximately 10:1 whereas in duck the ratio was 1:20.
The tracheal mucous glands of both chicken and duck
predominantly expressed SAa2,6-Gal receptor type. The
observed difference in dominant receptor type between
chickens and ducks was confined to the upper airway
(trachea). In the bronchi and bronchioles the clear
presence of both receptor types was found in both species.
Chicken alveolar cells expressed both receptor types; the
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Figure 1. Widespread presence of SA02,6 Gal (SNA lectin) and SAa2,3 Gal (MAA II lectin) receptors in many of organs of
chickens (A) and ducks (B). Composite confocal images show distribution of SA02,6 Gal receptors (green) and SAa2,3 Gal
receptors (red) with nuclear staining (blue). 1. bronchial epithelium, 2. bronchiolar epithelium, 3. alveolar lining, 4. muscle fibre, 5.
nucleus, 6. myocardium, 7. connective tissue, 8. endocardium, 9. convoluted tubule 10. vascular endothelium,, 11. neuronal tissue,

12. meninges.

precise staining pattern was more difficult to determine in
duck alveoli due to the extensive presence of vascular
tissue which tended to obscure the alveolar staining,
however, both receptors could be seen clearly in some
areas of the alveoli (Figure 1). The dominant SAa2,6-Gal
receptor expression pattern in chicken trachea was in
contrast to a previous study (Wan and Perez, 2006) which,
using lectin binding, found that 85% of the epithelial cells
in chicken trachea were positive for SAa2,3-Gal receptors,
while only 10% were positive for SAa2,6-Gal receptors.
However, it is in agreement with the findings of
Gambaryan et al (2002), who reported that human
influenza viruses with SAa2,6-Gal specificity bound to
cell membranes isolated from chicken (but not duck)
tracheal cell membranes. A possible explanation for the

discrepancy in the reported receptor distribution in chicken
trachea could be the source of the lectin used. Lectins from
different suppliers may show different binding
specificities; in particular the source of MAA has been
shown to significantly affect specificity (Nicholls et al,
2007). Glycan microarray screening of lectins from the
supplier used for our study confirms that these lectins bind
with a high degree of specificity to the appropriate sialic
acid linkages (http://www.functionalglycomics.org). It is
also possible that this study was able to detect lower
levels of receptor expression due to the methodology used
(confocal microscopy with fluorescent detection compared
with immunohistochemistry). We found that the observed
predominance of SAa2,6-Gal in chicken trachea was
consistent in different ages and breed of chicken. We also
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Figure 2. Differential expression of SAa2,6 Gal and SAa2,3Gal receptors in tracheae and small intestine (SI) of chickens and ducks.
(A) For both avian species, the epithelial lining of the SI shows predominant expression of SAa2,3Gal receptor (red), with little
evidence of SA02,6 Gal (green) expression. SAa2,6 Gal receptors are more apparent in goblet cells of both bird types. Host receptor
distribution is similar for both SI and large intestines (data not shown). (B) SAa2,6Gal receptor is the more dominant type in chicken
tracheal epithelium whereas SAa2,3Gal receptor is the main type in duck tracheal epithelium. 1. epithelial lining of the villus, 2.
goblet cell, 3. epithelial cells (ciliated), 4. intra epithelial mucous gland, 5. submucosa.
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performed lectin staining on sialidase treated sections,
which abrogated all staining confirming that the lectins
used in the present study did not bind to non-sialic acid
residues (data not shown). The difference in the
predominant receptor across the tracheal epithelial lining
in chicken and ducks could be an important contributing
factor to influenza virus entry via the upper respiratory
tract. In particular, such differences could impact on the
susceptibility of each species to avian H5N1 influenza
with its preferential tropism for infection of the respiratory
tract rather than the intestines. The predominant receptor
in the human upper airway is SAa2,6-Gal (Shinya et al,
2006; Yao et al, 2007). The high levels of expression of
SAa2,6-Gal receptors in chicken tracheal epithelium
suggests that this species may be more able to support the
evolution of viruses with higher affinity for human
SA02,6-Gal receptors. This supports the suggestion that
chickens may the source of emerging HIN2 viruses with a
human-virus like receptor specificity (Gambaryan et al,
2002).

We further distinguished SAa2,3-Gal receptor subtypes,
based on the third sugar residue, in chicken and duck
trachea and intestines, with the use of MAA 1 (SAa2,3-Gal
B(1-4)GlcNAc specificity) and MAA 1I (SAa2,3-Gal B(1-
3)GalNAc specificity). In chicken trachea, both SA02,3-
Gal receptor subtypes were detected in the sub-epithelial
region (Figure 3A). However, along the chicken tracheal
epithelium, SAa2,3-Gal B(1-4)Glc NAc receptor (MAA 1
lectin) was more dominant than SAa2,3-Gal B(1-3) Gal
NAc receptor (MAA 1I lectin). In duck trachea, in contrast,
minimal MAA T lectin binding was observed along the
epithelium; only sub-epithelial mucous glands were MAA
I positive. In duck trachea, SAa2,3-Gal B(1-3) Gal NAc
receptor (MAA 1II lectin) was the main subtype detected,
with distribution along the epithelial lining and in the
mucosa (Figure 3A). In chicken large intestine, both
SA02,3-Gal B1-4 Gal NAc receptor (MAA T lectin) and
SAa2,3-Gal B1-3 Glc NAc receptor (MAA 1II lectin)
expression was observed. In duck large intestine, SAa2,3-
Gal B1-3 Glec NAc receptor (MAA II lectin) was the main
subtype detected, while the goblet cells were positive for
SAa2,3-Gal B(1-4) Glc NAc receptor subtype (MAA I
lectin) (Figure 3B). The binding pattern of MAA I and
MAA 1I in the small intestines of both avian species was
very similar to the large intestine (data not shown). In
humans, MAA 1 shows more widespread binding
throughout the upper and lower respiratory tract compared
to MAA 1II (Nicholls et al, 2007). Avian influenza viruses
isolated from chicken and ducks have been shown to
preferentially bind to SAa2,3-Gal B(1-4) Glc NAc
(recognized by MAA T) and SAa(2,3) Gal B(1-3) Gal NAc
(recognized by MAA 1I) respectively (Gambaryan et al,
2003). This reported virus tropism correlates with the
observed receptor distribution in chicken and duck trachea
and intestinal tissues. The presence of both SAc2-3-Gal
receptor subtypes in chickens suggests that they may be
susceptible to infection with wider range of avian
influenza viruses with broader receptor specificity.

To relate the observed receptor distribution with the ability
to bind viruses of avian or mammalian origin, we
performed virus binding assays with avian H2N3 and
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swine HIN1 influenza viruses on tracheal and digestive
tract sections. This showed the predicted preferential
binding of the avian virus for SAa2,3-Gal receptor and the
swine virus for SAa2,6-Gal receptors (Figure 4). The
main SAa2,3-Gal receptor type in duck tracheal
epithelium showed greater affinity for the avian H2N3
virus. In contrast, the dominant receptor type of SAa2,6-
Gal in chicken trachea showed preferential binding of the
swine HIN1 virus. The predominant expression of
SAa2,3-Gal receptors type along the small and large
intestinal epithelia of chickens and ducks showed
preferential affinity for the avian H2N3 virus with no
significant attachment of the swine virus. Virus-binding
specificity was therefore consistent with host receptor
type, as determined by lectin staining. The SAa2,6-Gal
receptor type expressed by the intestinal goblet cells did
not appear seem to be functionally significant as no virus
binding was observed with swine HIN1 virus (Figure 4).

The differences in receptor expression reported in this
study suggest that they may be responsible, at least in part,
for some of the differences between ducks and chickens in
the pattern of disease following influenza infection. While
the presence of a virus receptor is clearly not sufficient to
confirm that cells or tissue support efficient virus
replication or transmission, the widespread replication of
influenza virus in multiple organs has been reported in
both chickens (Swayne, 1997) and ducks (Londt et al,
2008) following infection with highly pathogenic viruses.

Genetic studies have revealed that previous pandemic
influenza strains were partially or entirely derived from the
viruses of avian origin (Webster et al, 1992 and
Taubenberger et al, 1997, Horimoto and Kawawoka 2005).
This study suggests that some chicken and duck tissues
may facilitate entry of both human and avian viruses, with
the ensuing danger of virus reassortment. However, further
work is required to confirm that the tissues expressing
both receptor types are able to support virus replication.
The dominant presence of SAa(2,6)Gal receptor along the
chicken tracheal epithelium shows some similarities to the
prevalence of the receptor in mammals such as human and
pig. This suggests that chickens may be important
intermediate hosts for the transmission of influenza to
humans, in particular for influenza viruses such as H5N1,
which show a respiratory tropism in birds. Whilst much
attention has been placed on the role of pigs as “mixing
vessels”, the potential importance of chickens for the
evolution of humanised influenza viruses should not be
overlooked and, as such, warrants further study.

CONCLUSIONS

eBoth SA02,3-Gal (avian) and SAa2,6-Gal (human)
receptors are expressed in many tissues of chickens and
ducks.

eSA02,6-Gal receptor is the dominant receptor type in
chicken tracheal epithelium, whereas in ducks the SA02,3-
Gal receptor is dominant.

eThere is greater diversity of SAa2,3-Gal receptor
subtypes in chicken than duck. Chicken trachea and
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intestinal tissues showed positive binding with MAA 1 to
MAA 1II whereas positive MAA II binding alone was
noted across the epithelial lining in ducks. This suggests
that chicken may be susceptible to infection with avian
influenza viruses with broader receptor specificity.

eThe host receptor distribution pattern in the chicken
upper respiratory tract may be functionally significant for
the evolution of viruses with a human like receptor
specificity and thus for the transmission of influenza from
birds and mammals.
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DAPI: 4’, 6-diamino-2- phenylindole, dihydrochloride
DAB: diaminobenzidine

FITC: Fluorescein isothiocyanate

MAA: Maackia amurensis agglutinin

SA: Sialic acid

SNA: Sambucus nigra agglutinin

Figure 3. Differential expression of
SAa(2,3)Gal receptor subtypes in
chicken and duck tracheae and large
intestines. MAA I (SAa(2,3)-Gal B(1-4)
Glc NAc detection; green) and MAA 11
(SAa(2,3)-Gal B(1-3) Gal NAc
detection; red) were used to distinguish
SAa(2,3)-Gal receptor subtypes at the
third sugar residue position. (A) Chicken
trachea expresses SAa(2,3)-Gal B(1-4)
Glc NAc receptor (MAA 1 lectin) more
strongly along the epithelial lining than
SA a(2,3) Gal B(1-3) Gal NAc (MAA 1T
lectin). Both SAa(2,3)-Gal receptor
subtypes are clearly present in the sub-
epithelial region (see also MAA I lectin
staining in Fig. 2B). In duck trachea, by
contrast, minimal SA o(2,3)-Gal p(1-4)
Glc NAc receptor subtype (MAA 1
lectin) is detected along the epithelium.
Only the mucosal glands are MAA 1
positive. In duck trachea, SA o(2,3)-Gal
B(1-3) Gal NAc receptor (MAA II
lectin) is the main subtype with
distribution along the epithelial lining
and in the mucosa (see also MAA 11
lectin staining in Fig. 2B). (B) Chicken
large intestine expresses similar levels
of both SAa(2,3)-Gal f1-4 Gal NAc
receptor (MAA I lectin) and SAa(2,3)-
Gal B(1-3) Gal NAc (MAA I lectin)
along the epithelial lining. In duck large
intestine, SA a(2,3)-Gal B(1-3) Gal NAc
receptor (MAA 1I lectin) is the main
subtype with distribution along the
epithelial lining and in the mucosa.
Similar observations were made in small
intestines of chicken and duck (data not
shown). 1. epithelial lining 2. intra-
epithelial mucous gland 3. epithelial
lining of the villus 4. goblet cell.

11,3 Glc NAc

© The Authors | Journal of Molecular and Genetic Medicine | January 2009 | Vol 3, No 1 | 143-151 | OPEN ACCESS



Avian H2N3

CHICKEN TRACHEA

CHICKEN TRACHEA

DUCK TRACHEA

CHICKEN SMALL INTESTINE

DUCK SMALL INTESTINE

REFERENCES

Claas EC, Osterhaus AD, Vanbeek R et al. 1998. Human
influenza A H5N1 virus related to a highly pathogenic avian
influenza virus. Lancet, 351, 472—477.

Couceiro JN, Paulson JC and Baum LG. 1993. Influenza virus
strains selectively recognize sialyloligosaccharides on human
respiratory epithelium; the role of the host cell in selection of
hemagglutinin receptor specificity. Virus Res, 29, 155-65.

Gagneux P, Cheriyan M, Hurtado-Ziola N et al. 2003. Human-
specific regulation of a2-6-linked sialic acids. J Biol Chem,
278, 48245-48250.

Gambaryan A, Webster R and Matrosovich M. 2002. Differences
between influenza virus receptors on target cells of duck and
chicken. Arch Virol, 147, 1197-1208.

150

Swine HINI

Figure 4. Virus binding assays
with avian H2N3 and swine
HINI influenza viruses on
tracheal and intestinal tract
sections reflect the observed
receptor distribution. The main
SAa(2,3)-Gal receptor type in
duck tracheal epithelium shows
greater affinity for the avian
virus than the swine virus. By
contrast, the dominant SAa(2,6)-
Gal receptor type in chicken
trachea shows preferential
binding of the swine virus. The
primary SAa(2,3)-Gal receptor
type along the small intestine
(SI) epithelia of both chickens
and ducks is associated with
preferential affinity for the avian
virus, with no significant binding
of swine virus. 1. epithelial
lining, 2. intra-epithelial mucous
gland, 3. epithelial lining of the
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