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A/Goose/Guangdong/1/96-like H5N1 influenza viruses now circulating in southeastern China differ geneti-
cally from the H5N1 viruses transmitted to humans in 1997 but were their precursors. Here we show that the
currently circulating H9N2 influenza viruses provide chickens with cross-reactive protective immunity against
the currently circulating H5N1 influenza viruses and that this protective immunity is closely related to the
percentage of pulmonary CD8� T cells expressing gamma interferon (IFN-�). In vivo depletion of T-cell
subsets showed that the cross-reactive immunity was mediated by T cells bearing CD8� and T-cell receptor
(TCR) �/� and that the V�1 subset of TCR �/� T cells had a dominant role in protective immunity. The
protective immunity induced by infection with H9N2 virus declined with time, lasting as long as 100 days after
immunization. Shedding of A/Goose/Guangdong/1/96-like H5N1 virus by immunized chickens also increased
with the passage of time and thus may play a role in the perpetuation and spread of these highly pathogenic
H5N1 influenza viruses. Our findings indicate that pulmonary cellular immunity may be very important in
protecting naı̈ve natural hosts against lethal influenza viruses.

A/Goose/Guangdong/1/96-like H5N1 viruses, which were
the precursors of the H5N1 viruses transmitted to humans in
Hong Kong in 1997, continue to circulate in geese in south-
eastern China (5, 28; Y. Guan, M. Peiris, K. F. Kong, K. C.
Dyrting, T. M. Ellis, T. Sit, L. J. Zhang, and K. F. Shortridge,
unpublished data). These viruses have a hemagglutinin (HA)
gene very similar to that of A/Hong Kong (HK)/156/97
(H5N1), but the rest of their genes are of different lineages
(29). A/Duck/HK/Y280/97-like H9N2 virus is presently circu-
lating in poultry in southeastern China, and A/Quail/HK/G1/
97-like H9N2 virus is endemic in quail of southeastern China
(18). H5N1 viruses isolated from poultry in Hong Kong bird
markets during outbreaks in 2001 were reassortants of
A/Goose/Guangdong/1/96-like H5N1 viruses and avian viruses
that are endemic to southeastern China (personal communi-
cation from Y. Guan).

In mouse models of influenza virus, CD8� T cells play an
important role in clearing virus from the respiratory tract (1, 2,
3, 13–17, 24). The activity of memory CD8� T cells in mice
enhances virus clearance by only 2 or 3 days (16, 17, 24). When
mice were lethally challenged with mouse-adapted A/Equine/
London/72 (H7N7) influenza virus, memory CD8� T cells es-
tablished by previous infection with A/PR/8/34 (H1N1) virus
provided considerable protection, although pulmonary virus
titers remained similar to those in naı̈ve control mice for 5 days
or more (10). In a study of heterologous protection against

lethal A/HK/156/97 (H5N1), C57BL/6 mice immunized with
A/Quail/HK/G1/97 (H9N2) virus, which has internal genes
very similar to those of A/HK/156/97 (H5N1), were protected
from death (23).

The mouse is not a natural host of influenza virus. Generally,
mice are susceptible only to influenza viruses that have been
adapted to mice. The direct transmission of avian H5N1 vi-
ruses from chickens to humans in Hong Kong in 1997 suggests
that chickens can be an intermediate host for human infec-
tions. Chickens are ideal subjects for the study of cross-reactive
protective immunity to highly lethal H5N1 influenza virus,
because chickens have an immune system comparable to those
of mammals. For example, chicken CD4 is a type I transmem-
brane glycoprotein and is expressed on 70% of thymocytes,
15% of spleen cells, and 40% of peripheral blood lymphocytes
(6). Chicken CD8 exists as a homodimer of two � chains or a
heterodimer of an � chain and a � chain and is expressed on
80% of thymocytes, 45% of peripheral blood lymphocytes, and
50% of spleen cells (6, 27).

Our previous study showed that cellular immunity to H9N2
influenza virus could protect chickens from highly pathogenic
H5N1 influenza virus (26). However, the currently circulating
A/Goose/Guangdong/1/96-like H5N1 influenza viruses contain
six internal genes that differ from those of the A/HK/156/97
(H5N1)-like influenza viruses. In this study, we asked three
questions: (i) Can currently circulating H9N2 influenza virus
protect chickens from A/Goose/Guangdong/1/96-like H5N1 vi-
rus recently isolated from geese? (ii) What subsets of T cells
(CD4, CD8, T-cell receptor [TCR] �/�, TCR �/�, V�1 TCR,
and V�2 TCR) are important in protecting chickens from
lethal infection with A/Goose/Guangdong/1/96-like H5N1 in-
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fluenza virus? (iii) How long does the protective immunity last
and by what mechanism does it decline?

MATERIALS AND METHODS

Viruses. H5N1 (A/Goose/HK/437-4/99 [H5N1]) and H9N2 (A/Chicken/HK/
SF3/99 and A/Quail/HK/Ssp10/99) influenza viruses obtained from the St. Jude
repository were propagated in the allantoic cavities of 11-day-old embryonated
chicken eggs in a U.S. Department of Agriculture–approved biosafety level–3
(BL-3) containment facility. Virus titers in the eggs were quantified as the log
50% egg infective dose (EID50).

Animals. Outbred 8-week-old SPF White Leghorn chickens were purchased
from SPAFAS, Inc. (Norwich, Conn.). The animal experiments were performed
in a BL-3 containment facility approved by the U.S. Department of Agriculture
and the Centers for Disease Control and Prevention.

Challenge study. We intranasally inoculated 8-week-old chickens with 104

EID50 (0.3-ml volume) of the A/Duck/HK/Y280/97-like A/Chicken/HK/SF3/99
(H9N2) influenza virus that is prevalent in southeastern China 20 to 100 days
before intranasal challenge with 104 EID50 of A/Goose/HK/437-4/99 (H5N1)
influenza virus. Chickens were monitored daily for mortality and for signs of
illness.

Serologic tests. Hemagglutination inhibition (HI) and virus neutralization
assays were performed as previously described (26). Briefly, sera were collected
on various days after infection from 8-week-old chickens immunized with
A/Chicken/HK/SF3/99 (H9N2) influenza virus. HI and neutralization antibody
assays were performed with H9N2 (A/Chicken/HK/SF3/99, A/Quail/HK/Ssp10/
99) and H5N1 (A/Goose/HK/437-4/99) viruses.

Calculation of viral titers. Viral titers in eggs were determined by 50% end-
point using the method of Reed and Muench. The formula is the following: log
dilution above 50% � (proportionate distance � log dilution factor) � log
EID50. Proportionate distance � % positive above 50% � 50%/% positive above
50% � % positive below 50%.

In vivo depletion of T-cell subtypes. Groups of six chickens were immunized
with 104 EID50 of A/Chicken/HK/SF3/99 (H9N2) virus 20 days before in vivo
depletion. Mouse anti-chicken monoclonal antibodies (CD4, CD8, CD3, TCR
�/�, and TCR �/�) (V�1 and V�2), (0.1 mg; Southern Biotechnology Associates,
Inc., Birmingham, Ala.) and rabbit complement (1 ml; Cedarlane Laboratories,
Ltd., Hornby, Ontario, Canada) were injected into the wing veins of the immu-
nized chicken starting 4 days before and ending 4 days after challenge.

Isolation of CD8� T cells. Chickens were immunized with 104 EID50 of
A/Chicken/HK/SF3/99 (H9N2) 6 to 100 days before they were euthanatized to
collect lymphocytes from the lungs and spleens. Chickens were perfused before
lungs and spleens were collected. Tissues were minced and incubated in minimal
essential medium supplemented with collagenase D (400 U/ml; Sigma) and
brefeldin A (10 mg/ml; Sigma) for 30 min at 37°C to isolate lymphocytes. The
lymphocytes were then purified by centrifugation on a Ficoll-Hypaque density
gradient (Histopaque 1.0777; Sigma). B lymphocytes were removed by passing
the cells through nylon wool columns (Polysciences, Inc., Warrington, Pa.), and
macrophages were removed by incubation in tissue culture flasks for 3 h in RPMI
1640 with 10% chicken serum (Sigma). Dynabeads (Dynal; Oslo, Norway) were
used as previously described (26) to deplete the purified T cells of CD4� T cells.

Intracellular staining. The purified CD8� T cells (n � 107) from each chicken
were fixed with 2% formaldehyde, permeabilized with 0.3% saponin, and incu-
bated for 1 h on ice with mouse anti-chicken gamma interferon (IFN-�) mono-

clonal antibody (kindly provided by B. Lambrecht, Veterinary and Agrochemical
Research Center, Brussels, Belgium) diluted in phosphate-buffered saline with
5% normal horse serum. The stained cells were washed three times and incu-
bated for 1 h on ice with diluted horseradish peroxidase-labeled goat anti-mouse
immunoglobulin G (1:500) (KPL, Gaithersburg, Md.). Cells were washed three
times with phosphate-buffered saline with 5% normal horse serum and 0.1%
Tween 20 and were incubated with StableDAB (3,3	-diaminobenzidine) (KPL)
color agent. We counted 10,000 cells by light microscopy and used CD8� T cells
from the nonimmunized chickens to control for background staining.

RESULTS

Cross-reactive protection. Only the HA genes of the cur-
rently circulating A/Goose/Guangdong/1/96-like H5N1 viruses
are similar to those of the H5N1/97 viruses (29). To determine
whether immunity to the currently circulating H9N2 influenza
viruses cross-protects chickens from the highly pathogenic
H5N1 influenza viruses, we immunized chickens with A/Duck/
Y280-like A/Chicken/HK/SF3/99 (H9N2) virus 20 to 100 days
before challenge with A/Goose/Guangdong/1/96-like A/Goose/
HK/437-4/99 (H5N1). All nonimmunized chickens began to
show clinical signs of illness (reddened combs, dyspnea, drop-
ping heads, and difficulty standing) 2 or 3 days after challenge.
Four of ten control chickens died (Table 1); the rest recovered
within 5 days after infection but lost up to 20% of their body
weight (data not shown). Chickens immunized with A/Chick-
en/HK/SF3/99 (H9N2) virus 20 and 30 days before challenge
showed no clinical signs of illness, but signs of illness were seen
in chickens immunized 60 days before challenge (Table 1).
Two of 10 chickens immunized 60 days in advance showed
signs of illness that began 3 days after challenge and recovered
by day 5 after challenge. Seven of 10 chickens immunized 100
days before challenge showed clinical signs of illness, and two
of these died. These findings showed that the protective im-
munity declined over time. Chicken immunized 20 days earlier
with P/Chicken/HK/QB4/99(Newcastle disease virus) and chal-
lenged with A/Goose/Guangdong/1/96-like A/Goose/HK/437-
4/99 (H5N1) showed 75% mortality (data not shown).

Virus shedding. We swabbed the tracheae and cloacae of the
chickens daily after challenge to determine their viral load. All
nonimmunized chickens shed H5N1 virus in the tracheae (2.5
EID50) and cloacae (3.75 EID50) (Table 1). H5N1 influenza
viruses were detectable in most immunized chickens 2 days
after challenge, but titers were less than 1 log. The number of
surviving chickens shedding H5N1 viruses in their cloacae in-
creased with time. Cloacal virus titers ranged from 1.5 to 3.5

TABLE 1. Protection of chickens immunized with circulating H9N2 virus against challenge with H5N1 virusa

No. of days after infection
with A/Chicken/HK/SF3/99

(H9N2)

Protection of chickens
from H5N1 challenge

(no. ill/no. dead/total)d

No. of chickens shedding
H5N1/no. of survivors

H5N1 viral titers from surviving
chickens (log10 EID50/ml)

from trachea from cloaca from trachea from cloaca

0b 10/4/10 6/6 6/6 2.5 3.75
20 0/0/10 7/10 0/10 
1.0e NDc

30 0/0/10 9/10 3/10 
1.0 1.5
60 2/0/10 9/10 4/10 1.0 2.5

100 7/2/10 7/8 5/8 1.75 3.5

a Chickens were infected with 104 50% chicken infectious doses of A/Chicken/HK/SF3/99 (H9N2) influenza virus 20 to 100 days before challenge with 104 EID50 of
A/Goose/HK/437-4/99 (H5N1) influenza virus. Chickens were monitored daily for 15 days for death or clinical signs of illness.

b Control chickens not immunized with A/Chicken/HK/SF3/99 (H9N2).
c ND, no virus was detected.
d Signs of illness: dyspnea, reddened comb, dropping head, and difficulty standing.
e 
1.0, viruses were detectable in undiluted swab samples.
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logs. The sensitivity of virus isolation from trachea and cloaca
was more than 1 log.

Humoral immunity. To ascertain whether antibody was in-
volved in the protective effect against H5N1 influenza virus, we
immunized chickens with A/Chicken/HK/SF3/99 (H9N2) influ-
enza virus before testing their sera for cross-reactivity with
H9N2 and H5N1 viruses by HI and viral neutralization assays
(Table 2). The range of HI titers against a homologous H9N2
virus (A/Chicken/HK/SF3/99) was 360 to 1,344, whereas that
against a heterologous H9N2 virus (A/Quail/HK/Ssp10/99) was
120 to 240. The ranges of neutralization antibody titers were
log10 1.5 to 3.0 against a homologous virus and log10 1.0 to 1.5
against a heterologous virus. In contrast, no HI or neutraliza-
tion activity against A/Goose/HK/437-4/99 (H5N1) was ob-
served.

Cellular immunity. The absence of cross-reactivity between
antibodies to H9N2 and H5N1 influenza viruses indicated that
cellular immunity played a role in protecting chickens from the
lethal H5N1 influenza virus. To understand which subtypes of
T cells were involved, we depleted immunized chickens in vivo
of specific T-cell subsets by inoculating them with mouse anti-
chicken monoclonal antibody and rabbit complement. The
continuous treatment was essential for depletion since T cells
could quickly be reconstituted when treatment stopped. We
first wanted to know whether memory CD4� or CD8� T cells
were crucial in the protective effect. Chickens were immunized
with A/Chicken/HK/SF3/99 (H9N2) 20 days before depletion
of CD4�, CD8�, or CD3� T cells (Fig. 1). All chickens de-
pleted of CD8� or CD3� T cells died, but chickens depleted of
CD4� T cells and control immunized chickens that did not
undergo depletion showed no signs of illness. Most of the
nonimmunized chickens showed signs of severe illness, and
50% died.

T cells bear one of two types of TCRs: TCR �/� or �/� (7, 8,
11). Therefore, we investigated the roles of these two T-cell
subtypes (Fig. 2). In vivo depletion of TCR�/� T cells did not
cause mortality or morbidity, but depletion of TCR�/� (V�1)
or CD3� T cells resulted in 100% mortality of immunized
chickens. Nonimmunized control chickens had 75% mortality.

In chickens, there are two kinds of TCR �/�, V�1 and V�2,
which represent two distinct V� families (7, 11). We tested
which TCR �/� T cells were involved in protecting chickens
(Fig. 2). Chickens depleted of TCR �/� (V�2) experienced no
mortality, but chickens depleted of TCR �/� (V�1) had 100%
mortality. Nonimmunized control chickens had 50% mortality.

Mechanism of declining protective immunity. The cross-
reactive protective immunity declined over time (Table 2). To
understand the mechanism of this decline, we measured the
number of CD8� T cells expressing IFN-� in the lungs and
spleens of chickens at different times after immunization with
A/Chicken/HK/SF3/99 (H9N2) virus. We decided to use the
modified enzyme-linked immunospot assay since we could not

FIG. 1. The role of memory CD8� T cells in protecting chickens
from highly pathogenic H5N1 influenza virus. Groups of six outbred
chickens were immunized with 104 EID50 of A/Chicken/HK/SF3/99
(H9N2) influenza virus 20 days before in vivo depletion of T-cell
subsets by injection of mouse anti-chicken CD4, CD8, or CD3 with
rabbit complement. Chickens were challenged with 104 EID50 of
A/Goose/HK/437-4/99 (H5N1) virus and were monitored for survival
daily for 15 days. Six nonimmunized chickens were used as a control.

FIG. 2. Protective role of T cells bearing TCR �/� (V�1), TCR �/�
(V�2), or TCR �/�. Groups of six outbred chickens were immunized
with A/Chicken/HK/SF3/99 (H9N2) influenza virus and after 20 days
were depleted in vivo of T-cell subsets by injection with mouse anti-
chicken monoclonal antibodies to TCR �/� (V�1), TCR �/� (V�2), or
TCR �/� with rabbit complement. Chickens were then challenged with
104 EID50 of A/Goose/HK/437-4/99 (H5N1) influenza virus. Six non-
immunized chickens or six chickens depleted of CD3� T cells were
used as a control.

TABLE 2. Titers of HI and virus neutralization after
infection with H9N2 influenza virusa

No. of days after
infection

HI antibody titersb Neutralization
antibody titersc

H9N2 H5N1
437-4

H9N2 H5N1
437-4SF3 Ssp10 SF3 Ssp10

20 360 120 NRd 1.5 1.0 NR
30 1,344 256 NR 3.5 1.5 NR
60 1,200 260 NR 3.0 1.0 NR

100 1,250 240 NR 3.0 1.0 NR

a Ten chickens per group were infected with 104 50% chicken infectious doses
of A/Chicken/HK/SF3/99 (H9N2), and sera were collected from wing veins 20 to
100 days later. Abbreviations: SF3, A/Duck/Y280-like A/Chicken/HK/SF3/99
(H9N2); Ssp10, A/Quail/GI-like A/Quail/HK/Ssp10/99 (H9N2); and 437-4,
A/Goose/HK/437-4/99 (H5N1).

b Mean titers expressed as the reciprocal of the highest dilution of serum that
inhibited the hemagglutination of 4 HA units of virus.

c Mean titers expressed as the reciprocal of the highest dilution of serum
(log10) that neutralized 100 50% tissue culture infective doses in 50% of virus-
infected St. Jude porcine lung epithelial cells.

d NR, no reaction detected.
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take lymphocytes out of the highly restricted BL-3 facility.
Memory CD8� T cells are known to express IFN-� and tumor
necrosis factor alpha (19, 20). Although a high proportion of
primary CD8� T cells in both lungs and spleens expressed
IFN-� 6 days after immunization, most did not (Fig. 3). The
proportion of memory CD8� T cells declined in spleens after
day 20 but then leveled off and remained similar until day 100.
The expression level of IFN-� was determined. The proportion
of memory CD8� T cells in spleens was 13.3% at 20 days
postinfection (p.i.), 5% at 30 days p.i., 4.5% at 60 days p.i., and
3.7% at 100 days p.i. The memory CD8� T cells were antigen
specific (26). In the lungs, the proportion of CD8� T cells
expressing IFN-� began to decline 30 days after immunization
and continued to decline until day 100. The purity of depletion
of CD4� or CD8� T cells from lungs and spleens was more
than 90% (26).

DISCUSSION

We have shown that inoculation with circulating H9N2 in-
fluenza virus provides cross-protective immunity to circulat-
ing A/Goose/Guangdong/1/96-like H5N1 influenza virus. Al-
though the immunized chickens were protected, most of the
chickens shed virus tracheally and cloacally. Such shedding
may perpetuate and spread the lethal H5N1 viruses in poultry
in the Hong Kong bird markets. We also found that CD8� T
cells or TCR �/� (V�1) T cells, rather than TCR �/� T cells,
protected these natural hosts of influenza virus from lethal
H5N1 influenza in the absence of neutralizing antibody. The
protective immunity lasted as long as 100 days.

Our in vivo depletion study showed that memory CD8� T
cells were crucial in controlling the highly pathogenic H5N1
influenza virus in outbred chickens. CD4� T cells were appar-
ently not involved in protecting chickens from H5N1 influenza
virus. In the mouse model, both CD4� and CD8� T cells are
reportedly required for optimal control of influenza virus rep-
lication (15). Mice devoid of antibodies and mature B cells

were able to clear influenza B virus, and mice were protected
against challenge with a homologous virus 1 month later. The
protective immunity was partially abrogated by in vivo deple-
tion of memory CD4� or CD8� T cells and was completely
abrogated by depletion of both subtypes. The difference in the
CD4� T cell’s roles in protecting mice and chickens from the
lethal infection may be due to three possible factors: the dif-
ference in virulence between H5N1 and mouse-adapted influ-
enza B virus, the functional difference between mouse and
chicken memory CD4� T cells, and the different anatomical
origins of mouse and chicken memory CD4� T cells. However,
we speculate that the difference in lethality between H5N1 and
mouse-adapted influenza B viruses is best accounted for by the
different roles of CD4� T cells. To date, the role of CD4� T
cells in protecting mice against highly pathogenic H5N1 influ-
enza viruses is not known.

The protective immunity of chickens to H5N1 influenza vi-
ruses was abrogated by in vivo depletion of TCR �/� T cells but
not of TCR �/� T cells. TCR �/� T cells comprise a larger
proportion of T lymphocytes in chickens (20 to 25% of circu-
lating T cells) than in humans and mice (8, 9, 11). Most TCR
�/� T cells express CD8 only after migration to the spleen and
intestine; they are CD4� CD8� in the thymus and circulating
blood. A study of the pulmonary inflammatory response of
mice infected with influenza A virus showed a high frequency
of cells with TCR �/� mRNA 7 days after inoculation; the
predominant phenotype of these cells was CD3� CD4� CD8�

TCR �/�� (4). However, this study did not provide evidence
that TCR �/� T cells were involved in clearing the lungs of
influenza virus. In another study, the adoptive transfer of TCR
�/� T cells protected chickens from acute infectious bronchitis
virus infection, whereas transfer of TCR �/� T cells did not
(25). The role of TCR �/� T cells in immunity against influenza
virus in chickens remains unclear.

Our results showed that TCR �/� (V�1) T cells and not
TCR �/� (V�2) T cells protected chickens from the lethal
H5N1 influenza virus. It appears that chicken T cells predom-
inantly use TCR �/� (V�1) to recognize the major histocom-
patibility complex class I glycoproteins associated with T-cell
epitopes. Previous studies showed that mouse CD8� T cells
also use a dominant V� TCR subset for recognizing major
histocompatibility complex class I glycoproteins on target cells
expressing influenza virus epitopes. An analysis of virus-spe-
cific CD8� T cells in C57BL/6 mice infected acutely with H3N2
(A/HKx31) virus or in immune C57BL/6 mice secondarily chal-
lenged with A/PR/8/34 (H1N1) virus found that 20 to 50% of
CD8� T cells in the mediastinal lymph nodes and in bron-
choalveolar lavage specimens were V� 8.3 TCR� (12). In
BALB/c mice infected with A/PR/8/34 (H1N1) virus, most lytic
activity against cells expressing viral epitopes was shown to be
mediated by V�8.1/2� TCR� CD8� T cells (9).

Our results showed that protective immunity against the
highly pathogenic H5N1 virus was closely related to the per-
centage of CD8� T cells expressing IFN-� in the lung rather
than in the spleen. These findings indicate that memory CD8�

T cells in the lung, which is the major target organ of influenza
virus, play a crucial role in protecting chickens from the lethal-
ity of H5N1 influenza virus. Similarly, in a mouse model of
viral infection, Marshall et al. (21) showed that a high percent-
age of memory CD8� T cells reside in nonlymphoid organs

FIG. 3. Immunocytochemical detection of IFN-� in CD8� T cells.
Outbred chickens that had been immunized with 104 EID50 of
A/Chicken/HK/SF3/99 (H9N2) influenza virus 6 to 100 days previously
were euthanatized (four chickens per time point), and CD8� T cells
were isolated from their lungs and spleens. The purified CD8� T cells
were stained with mouse anti-chicken IFN-� monoclonal antibody.
Data points represent the mean values derived from four chickens.
Error bars represent the standard deviations. INF-gamma, IFN-�.
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(lungs, liver, and kidneys). In C57BL/6J mice primed with
A/PR/8/34 (H1N1), a higher percentage of CD8� Db NP366�

T cells was detected in the lungs and bronchoalveolar lavage
specimens than in the mediastinal lymph nodes. Infection of
C57BL/6J mice with vesicular stomatitis virus led to the ap-
pearance of virus-specific CD8� T cells in lymphoid and non-
lymphoid organs (22). However, a higher percentage of CD8�

T cells specific for vesicular stomatitis virus nucleoprotein
epitopes appeared in nonlymphoid organs (kidney, lung, and
liver) than in lymphoid organs (spleen and lymph nodes).

Cross-reactive cellular immunity seems to have two impor-
tant potential consequences: the protection of hosts from dis-
ease and the perpetuation of viruses in these hosts. Some
protected chickens shed H5N1 viruses in their tracheae and
cloacae. H9N2 viruses similar to A/Chicken/HK/SF3/99 are
endemic in chickens in southeastern China (18), and while this
prior immunity may mask the pathogenicity of subsequent
H5N1 infections, it does not completely suppress infection.
Replication of H5N1 virus in H9N2-immunized chickens may
provide an opportunity for reassortment between A/Goose/
Guangdong/1/96-like viruses and other endemic avian viruses
in the Hong Kong bird markets, thus increasing the odds that
more virulent H5N1 viruses will emerge. The outbreaks of
H5N1 viruses in Hong Kong poultry markets in 2001 support
this premise. The isolates from these outbreaks are reported to
be multiple reassortant viruses between A/Goose/Guangdong/
1/96-like H5N1 viruses and other avian viruses endemic to
southeastern Asia (personal communication with Y. Guan).
We are now conducting a study of cross-reactive protection
against H5N1 influenza viruses isolated from poultry during
outbreaks in Hong Kong in 2001. In conclusion, our findings
demonstrate that memory CD8� T cells and TCR �/� T cells
primed by exposure to H9N2 influenza virus are key elements
in cross-reactive immune control of the highly pathogenic
H5N1 influenza virus in chickens and that protective immunity
is correlated with the percentage of memory CD8� T cells
expressing IFN-� in the lungs.
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