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Cells in the Respiratory and Intestinal Tracts of Chickens Have Different
Proportions of both Human and Avian Influenza Virus Receptors
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Avian influenza viruses play a crucial role in the creation of human pandemic viruses. In this study,
we have demonstrated that both human and avian influenza receptors exist in cells in the respiratory
and intestinal tracts of chickens. We have also determined that primarily cultured chicken lung cells
can support the replication of both avian and human influenza viruses.
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All known hemagglutinin (HA) and neuraminidase (NA)
subtypes of influenza A viruses are also known to circu-
late in populations of wild aquatic birds (Webster et al.,
1992). Avian influenza viruses are occasionally transmit-
ted to other hosts, including pigs, horses, humans, and
domestic poultry. Avian influenza viruses, including
HS5N1, HON2 and H3N2 subtypes, have been established
in domestic poultry, and are known to be responsible for
disease in both poultry and humans (Suarez et al., 1998;
Campitelli et al., 2002; Li et al., 2003). Avian influenza
viruses have also been shown to contribute to major influ-
enza viral outbreaks in humans. The viruses associated
with the 1918 pandemic originated from whole avian
influenza viruses without reassortment, whereas the influ-
enza viruses implicated in the 1957 and 1968 pandemics
were generated as the result of reassortment occurring
between avian and human influenza viruses in pigs
(Scholtissek et al., 1978; Schafer et al., 1993; Reid et al.,
1999, 2003).

Influenza viruses infect the cells via the binding of HA
to the terminal sialic acids on the cell surface (Herrler et
al., 1995). Human epithelial cells within the respiratory
tract possess SAa2,6Gal-terminated sialylglycoconju-
gates (Baum ef al., 1990), whereas the intestines of ducks
possess SAa2,3Gal-terminated sialylglycoconjugates (Ito
et al., 1998). In 1997, highly pathogenic HSN1 influenza
viruses were transmitted directly from chickens to 18
humans, resulting in six deaths (Claas ef al., 1998; Sub-
barao et al., 1998; Xu et al., 1999; Seo et al., 2002).
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Beginning in late 2003, outbreaks of highly pathogenic
HS5NI viruses were reported in a host of Asian countries,
including the Republic of Korea, Vietnam, Thailand, and
China (Tran et al., 2004). In Thailand and Vietnam, 34
humans were infected by chickens infected with HSN1
influenza viruses, and 24 of these infected humans ulti-
mately died. In 1999, avian HIN2 influenza virus sub-
types, which are widespread in poultry in Asia (Lin ef al.,
2000), were transmitted from poultry to two children.
These infected children suffered influenza-like symptoms,
including fever, malaise, sore throat, headache, and vom-
iting (Peiris ef al., 1999). The transmission of the H5SN1
and HIN2 influenza viruses to humans suggests that
chickens probably function as an alternative intermediate
for the creation of pandemic influenza viruses. Until now,
however, no reports have focused on the differing pro-
portions of both avian and human influenza receptors in
the respiratory and intestinal tracts of chicken. In this
study, then, we attempted to determine what proportion of
avian or human receptors are present in the respiratory
and intestinal tracts of chickens, and whether the human
influenza virus is capable of replication in chicken lung
cells.

In order to determine the proportion of cells which
express avian (SAa2,3Gal) or human (SAa2,6Gal) influ-
enza receptors, we employed flow cytometric analysis,
and assessed the proportion of cells expressing these
influenza receptors (Fig. 1). This analysis was conducted
using the Digoxigenin (DIG) Glycan Differentiation Kit
(Roche, USA), with some modifications. Lung and colon
tissues were trypsinized and resuspended at a concentra-
tion of 10° cells per ml in binding medium (Tris-buffered
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Fig. 1. Flow cytometric analysis of receptor specificity. Cells isolated
from colons and lungs were stained with DIG-labeled lectins and flu-
orescein-conjugated anti-DIG antibodies. Dotted line, control stained
only with fluorescein-conjugated anti-DIG antibodies.

saline, pH 7.6, 0.5% BSA, 1 mM Ca*’, 1 mM Mg*, and
1 mM Mn*"). The cells were incubated for 30 min at room
temperature with DIG-labeled lectin, MAA (5 pg/ml),
which binds specifically to SAa2,3Gal, and SNA (1 pg/
ml), which binds specifically to SAa2,6Gal. The cells
were then washed three times with cold PBS (pH 7.2)
containing 1% horse serum and 0.05% Tween 20. FITC-
labeled anti-DIG antibody diluted in PBS (pH 7.2) con-
taining 1% horse serum was then added to the cells. After
30 min on ice, the cells were washed an additional three
times with cold PBS (pH 7.2), supplemented with 0.05%
Tween 20. The fluorescence intensity of the cells was ana-
lyzed using a FACS Calibur Fluorospectrometer (Becton-
Dickinson, USA). The proportion of lung cells expressing
human influenza receptors was determined to be lower
than the proportion of lung cells expressing avian influ-
enza receptors, whereas the proportion of colon cells
expressing human influenza receptors was higher than the
proportion of colon cells expressing avian influenza
receptors. 87.07% of the colon cells tested positive for
avian influenza receptors, and 95.01% of the colon cells
tested positive for human influenza receptors.

Because chicken cells contain receptors for both avian
and human influenza viruses, we attempted to determine
whether or not the human influenza virus was capable of
replication in the primary cultured lung cells of chickens.
The lung tissues of 4-week-old white leghorn chicken
were trypsinized in order to harvest the cells. Approxi-
mately 1 x 10° /ml of trypsinzed cells were plated in wells
of 6-well plates with DMEM supplemented with 10%
FBS, and were then incubated for 4 days at 37°C. The
lung cells at confluence were infected with 0.01 plaque-
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Fig. 2. Influenza virus replication in chicken lung cells. Primary cul-
tured chicken lung cells were infected with the human influenza virus,
A/Wyoming/3/2003 (H3N2), and the avian influenza virus, A/Chicken/
Korea/S1/2003 (H9N2). The viral titers were determined by log,,
TCID,,/ml. Filled square, A/Wyoming/3/2003 (H3N2); Open square,
A/Chicken/Korea/S1/2003 (HON2).

forming units (PFU) of a human virus, A/Wyming/3/2003
(H3N2) and an avian virus, A/Chicken/Korea/S1/2003
(H9N2), in the presence of trypsin (0.3 pg/ml). Aliquots
of the supernatants were collected at 24, 48, and 72 h
post-infection, in order to determine the viral titers. The
presence of viruses in the supernatants was assessed in
MDCK cells, using the tissue culture infectious dose 50
(log,, TCID,/ml). Both the avian and human influenza
viruses were found to have replicated in the lung cells, but
the avian influenza virus, A/Chicken/Korea/S1/2003
(H9N2), exhibited growth characteristics superior to those
of the human influenza virus, A/Wyoming/3/2003 (H3N2)
(Fig. 2). At 72 h post-infection, the titers of human and
avian influenza viruses were 3.75 log, ,TCID,/ml and 5.5
log,,TCID, /ml, respectively. The patterns of growth exhib-
ited by both of the viruses in primary colon cells were very
similar to the growth patterns of both viruses in lung cells
(data not shown).

Our study illustrated that chickens possess both avian
and human influenza virus receptors in target cells in the
lung and the colon. The receptor specificity in chickens,
however, differs from that of ducks and horses. In the
duck intestine, only the SAa2,3Gal linkages exist (Ito ez
al., 1998). Avian influenza viruses replicate predomi-
nantly in the intestines of ducks, and large quantities of
avian influenza viruses are known to be secreted via the
feces of ducks. Additionally, influenza viruses with a
receptor specificity for SAa2,3Gal linkage have recently
been detected in horses. Both biochemical and immuno-
histochemical analyses and lectin-binding assays have
demonstrated that epithelial cells in the tracheas of horses
possess abundant SAa2,3Gal lectins (Suzuki et al., 2000;
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Lee et al, 2003). The dual receptor specificity observed in
chicken cells suggests that chickens might function as an
intermediate for the creation of influenza viruses with
pandemic potential.

The proportion of influenza virus receptors in chicken
colons is different from the proportion of receptors in the
lungs. The chicken colon cells exhibit a higher proportion
of «2,6Gal-linkage sialic acids than o2,3Gal-linkage
sialic acids, whereas the lung cells exhibit a higher pro-
portion of a2,3Gal-linkage sialic acids. In infected chick-
ens, abundant quantities of avian influenza viruses are
secreted in the feces. These results may help to explain
how wholly avian influenza viruses, such as H5N1 and
HON2, can be transmitted directly from chickens to
humans. Previous studies have demonstrated that target
cells in chickens possess both avian and human influenza
receptors, but none of these studies have attempted to
determine the proportion of influenza virus receptors in
the chicken cells (Gambaryan et al., 2002). HON2 viruses
recently isolated in China exhibit receptor specificity for
a2,6Gal-linkage sialic acids (Matrosovich et al., 2001).
The interspecies transmission of influenza viruses has
been previously associated with the receptor specificity of
the viruses (Rogers et al., 1983; Vines et al., 1998). Ducks
have been reported to possess only the SAa2,3Gal link-
age avian influenza virus receptor in their colons, where
avian influenza viruses replicate predominantly (Ito et al.,
1998; Ryu and Lee, 2004). In chickens, avian influenza
viruses are known to replicate in both respiratory and
intestinal tract cells. However, it remains to be determined
how some avian influenza viruses, such as avian HIN2,
actually obtain receptor specificity for o2,6Gal-linkage
sialic acids. We hypothesize that some avian viruses may
acquire this access by binding to a2,6Gal-linkage sialic
acids in the colons or lungs of chickens. Once some avian
viruses have succeeded in binding to a2,6Gal-linkage
sialic acids, a population of viruses may evolve to possess
single receptor specificity for «2,6Gal-linkage sialic
acids, or for both o2,6Gal-linkage and a,2,3Gal-linkage
sialic acids. Our results indicate that the continuous mon-
itoring of avian influenza viruses for HA with receptor
specificity for a2,6Gal-linkage sialic acids must be per-
formed, in order to predict the next pandemic strains to
emerge.
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