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SUMMARY. The HSN1 type A influenza viruses that emerged in Hong Kong in 1997
are a unique lineage of type A influenza viruses with the capacity to transmit directly from
chickens to humans and produce significant disease and morality in both of these hosts.
The objective of this study was to ascertain the susceptibility of emus (Dramaius novaehol-
landiae), domestic geese (Anser anser domesticus), domestic ducks (Anas platyrhynchos), and
pigeons (Columba livia) to intranasal (i.n.) inoculation with the A/chicken/Hong Kong/220/
97 (H5N1) highly pathogenic avian influenza virus. No mortality occurred within 10 days
postinoculation (DPI) in the four species investigated, and clinical disease, evident as neu-
rologic dysfunction, was observed exclusively in emus and geese. Grossly, pancreatic mottling
and splenomegaly were identified in these two species. In addition, the geese had cerebral
malacia and thymic and bursal atrophy. Histologically, both the emus and geese developed
pancreatitis, meningoencephalitis, and mild myocarditis. Influenza viral antigen was dem-
onstrated in areas with histologic lesions up to 10 DPI in the geese. Virus was reisolated
from oropharyngeal and cloacal swabs and from the lung, brain, and kidney of the emus
and geese. Moderate splenomegaly was observed grossly in the ducks. Viral infection of the
ducks was pneumotropic, as evidenced by mild inflammatory lesions in the respiratory tract

(and virus reisolation from oropharyngeal swabs and from a lung._Pigeons were resistant to > @
HK/220 igfection, lacking gross and histologic lesions, viral antigen, and_reisolation of virus.
These results imply that emus and geese are susceptible to i.n. inoculation with the HK/220
virus, whereas ducks and pigeons are more resistant. These latter two species probably played
a minimal epidemiologic role in the perpetuation of the HSN1 Hong Kong-origin influenza
viruses.

RESUMEN. Patogenicidad para emdes, gansos, patos y palomas, del virus altamente pa-
tégeno de influenza aviar H5N1 originado en Hong Kong.

Los virus de influenza tipo A HSN1 que aparecicron en Hong Kong en 1997 son linajes
especiales del virus de influenza tipo A con capacidad de transmitirse directamente de aves
a humanos y de producir la enfermedad y mortalidad en éstos dos huéspedes. El objetivo de
este estudio fue investigar la susceptibilidad de los emiies (Dramaius novaehollandiae). gansos
domésticos (Anser anser domesticus), i)atos domésticos (Anas platyrhynchos) y palomas (Colum-
ba livia) a la inoculacion por via intranasal con el aislamiento altamente patégeno Alpollo/
Hong Kong/220/97 (H5N1) del virus de influenza aviar. No se observo mortalidad durante
los 10 dias posteriores a la inoculacién en ninguna de las cuatro especies investigadas mientras
que la presencia de enfermedad clinica, evidente por la presencia de disfunciones neurolégicas,
fue observada Gnicamente en emues y gansos. En estas dos especies las lesiones macroscopicas
observadas consisticron cn esplecnomegalia y pancreas moteados. Adicionalmente, los gansos
presentaron malacia cerebral y atrofia del tmo y bolsa de Fabricio. Histoldgicamente se
observd pancreatitis, meningoencefalitis y miocarditis moderada en emues y en gansos. Iin
gansos se demostrd la presencia del virus de influenza en drcas con lesiones histopatologicas
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reatslamiento del virus. Estos resultados implican que los emdes Y gansos son susceptibles a
la inoculacién intranasal con el virus HK/220 de influenza aviar, mientras que los patos y
palomas son mas resistentes. Estas dos tltimas especies probablemente jugaron un minimo
papel epidemiolégico en el establecimiento del virus de influenza aviar Hong Kong H5N1.

Key words: ducks, emus, geese, pigeons, avian influenza, avian influenza virus, immu-
nohistochemistry, pathogenesis

Abbreviations: Al = avian influenza; AIV = avian influenza virus; BHI = brain—heart
infusion medium; DPI = days postinoculation; EID;, = median embryo infectious dose;
H&E = hematoxylin and eosin; HK/220 = Alchicken/Hong Kong/220/97 (H5N1) avian
influenza virus; HP = highly pathogenic; IHC = immunohistochemistry; Ln. = intranasally;

LBM = live bird marker; NP = nucleoprotein
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Type A influenza viruses are naturally per-
petuated in waterfowl from which they have
been intermittently transmitted to other birds
and mammals, including humans. These virus-
es have routinely demonstrated host specificity
by a limited ability to infect and produce dis-
ease in aberrant hosts (28). However, excep-
tions have occurred, such as the significant
morbidity and mortality that occurred in seals,
whales, and mink relative to natural infection
of these mammalian species with avian-origin
influenza viruses (4,11,12). A similar event oc-
curred in humans in 1997, when an avian-or-
igin H5N1 influenza virus was isolated from an
il child after an outbreak of H5N] highly
pathogenic (HP) avian influenza (Al) in chick-
ens (27). In toral, 18 people were infected and
hospitalized with HSN1 viruses, with six of
these infections resulting in facality (6,7). For-
tunately, the virus demonstrated limited trans-
missibility, and furcher human cases of HSN1
influenza virus infection were circumvented by
complete depopulation of poultry in Hong
Kong in early 1998 (27).

Prior to the depopulation of the live bird
markets (LBMs) of Hong Kong, surveillance
studies indicated that up to 20% of chickens
and up to 5% of waterfowl in the LBMs were
infected with and shedding HSN1 influenza vi-
ruses, but clinical disease was observed only in
chickens (13). HSN1 viruses were not isolated
from other avian species housed in the [.LBMs,
including pigeons, guincafowl, pheasants, par-
tridges, quail, and an assortment of exortic caged
birds (24). In ight of this information, ques-
tons remain as to how the HSN1 virus was
maintained berween the spring HIPAI outbreak
and its reemergence in the LBMs later that year

and what role particular avian and mammaljan
species may have held in the maintenance and
spread of this zoonotic influenza virus.

Isolation of influenza viruses from ratite spe-
cies, including ostriches, emus, and rheas, have
been sporadic and have included a broad range
of hemagglutinin and neuraminidase subtypes
(20). However, though several low pathogenici-
ty avian influenza viruses (AIVs) have been iso-
lated from ratites, there has been only one nat-
ural occurrence of HPAI infection of ratites,
namely ostriches (2,5). Few studies have been
done to ascertain the susceptibility of ratites to
infection with other HP AIVs (8,18). The or-
der Anseriformes (ducks, geese, swans) is con-
sidered a natural reservoir of AlVs because of
the high isolation rate of viruses from member
species of this order, the genetic diversity of
these isolated AIVs, and the inherent disease
resistance shown by these species with respect
to AlV infection (15). Previous investigations
have consistently demonstrated thar ducks nat-
urally and experimentally inoculated with HS
and H7 HPAIVs develop only subclinical to
mild disease (1,9,25). However, geese, a mem-
ber of the same subfamily (Anatinae) as ducks,
do not share the same disease resistance relative
to influenza virus infection, for morbidity and
mortality have been naturally and experimen-
tally produced in geese infected with subtype
HS5 AlVs (25,32). In contrast to ratites and wi-
terfowl, there have been few reported isolations
of AlVs from pigeons, and results of experi-
mental noculation of this species with HIP or
nonpathogenic AIVs suggest that member spe-
cies of the order Columbiformes are resistant o
AlV infection (13,21,206).

The current study was undertaken o com-
pare the susceptibility of these four species to



Table 1. Experimencal design for the intranasal inoculation of emus, Embden geese, Pekin ducks, and

prgeons with the A/chicken/Hong Kong/220/97 (H5N1) AIV.

No. controls No. virus No. sampled
Species (DPI sampled) inoculfated (DPT sampled)
Emu 2 (14) 2 2 (5, 14)
Embden goose 2 (2, 14) 11 10 (2, 4, 7, 10, 14)
Pekin duck 4 (2, 10) 9 8 (2, 4,7, 10)
Pigeons 4 (2, 14) 10 10 (2, 4, 7, 10, 14)

intranasal inoculation with a Hong Kong-ori-
gin H5NT virus and to delineate the pathologic
lesions and the distribution of viral antigen in
each species. In addition, this investigation at-
tempted to assess, by evaluating the quantity
and longevity of oropharyngeal and cloacal viral
shedding after experimental inoculation, the
role in which these four species could partici-

pate in HPAI oucbreaks.

MATERIALS AND METHODS

Virus propagation. The A/chicken/Hong Kong/
220/97 (H5N1) AIV (HK/220) was isolated by Drs.
Les Sims and Kitman Dyrting (Agriculture and Fish-
eries Department, Hong Kong) from tissues collected
from affected chickens involved in the outbreak of
H5N1 HPAI that occurred in March 1997. The vi-
rus was propagated by second passage in 10-day-old
embryonated chicken eggs. Allantoic fluid from in-
oculated eggs was collected and diluted 1:300 in
brain-heart infusion medium (BHI): A sham inoc-
ulum also was made with sterile allantoic fluid dilut-
ed 1:300 in BHIL

Animals. Two-week-old emus (Dramaius novae-
hollandiae) (Comer, GA), 2-wk-old domestic Emb-
den geese (Anser anser domesticus) (Privect Hatchery,
Portales, NM), 4-wk-old specific-pathogen-free Pekin
ducks (Anas platyrhynchos) (Cornell University, Itha-
ca, NY), and 4-wk-old pigeons (Columba livia) (Bok-
hari squab farm, Modesto, CA) were used in this
study. Each species was housed separately in self-con-
tained isolation units (Mark 4; Controlled Isolation
Systems, San Diego, CA), ventilated under negative
pressure with HEPA-filtered air, and maintained un-
der continuous lighting. Feed and water were provid-
ed ad libitum. General care was provided as. required
by the Insticutional Animal Care and Use Commit-

tee, as outlined in the Guide for the Care and Use of

Agricultural Animals in  Agricultural Research and
Teaching (10). All experiments were performed 1 a
United States Deparement of Agriculture certified
biosafety level 3 agriculture facility at Southeast Poul-
try Rescarch Laboratory (3).

Experimental design. For each species, birds
were separated into a control group and a virus-in-

oculated group. The control group contained two to
four birds that were incranasally (i.n.) inoculated wich
0.1 ml of the sham inoculum. With the exception of
emus, two control birds were euthanatized ar 2 and
10 or 14 days postinoculation (DPI) (Table 1). The
two control emus were euthanatized at 14 DPL. From
each control bird, oropharyngeal and cloacal swabs
and portions of the brain, lung, and kidney were col-
lected in BHI with antibiotics (100 pg/ml gentami-
cin, 100 units/ml penicillin, and 5 pg/ml amphoter-
icin B) for virus reisolation, and tissues were collected
for histopathologic evaluation.

The virus-inoculated group, which conrtained from
2 o L1 birds, were inoculated i.n. with 0.1 ml of
inoculum containing 106° mean embryo infectious
dose (EIDs,) of the HK/220 virus (Table 1). The
birds were monitored daily for clinical signs. With
the exception of the emus, two birds of each species
were euthanatized and necropsied at 2, 4, 7, 10, and
14 DPI (Table 1). One emu acquired a slipped gas-
trocnemius tendon and was euthanatized and nec-
ropsied at 5 DPI. The remaining emu was euthana-
tized at 14 DPIL. Gross lesions were recorded. Oro-
pharyngeal and cloacal swabs and portions of the
brain, lung, and kidney were collected in BHI with
antibiotics for virus reisolation and titration, and tis-
sues were collected for histopathologic examination.
All control and virus-inoculated birds were humanely
euthanatized by the intravenous or intracardiac ad-
ministration of sodium pentobarbital (100 mg/kg
body weight).

Histopathology and immunohistochemistry
(IHC). Tissues for histopathologic evaluation were
fixed by submersion in 10% neutral buftered for-
malin, routinely processed, and embedded in paraf-
fin. Sections were made at 5 pm and stained with
hematoxylin and eosin (H&E). A duplicate 4-pm
section was immunohistochemically stained with a
mouse-derived monoclonal antibody (P13C11) spe-
cific for type A influenza virus nucleoprotein (NDP)
antgen (Southeast Poultry Research Laboratory, Ath-
ens, GA) as the primary andbody. Procedures for
[HC followed those previously described (22). Fast
red was used as the substrate chromagen, and slides
were counterstained with hematoxylin. Demonstra-
ton of viral antigen was based on chromagen depo-
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2LV N e naaleus, which was otten ;1cc0mpanied
by chromagen deposition within the cytoplasm.

Virus reisolation and titration. Oropharyngeal
and cloacal swabs and portions of brain, lung, and
kidney collected from control birds and virus-inoc-
ulated birds of each species were stored at —70 C
until virus reisolation and titration were performed.
Standard procedures were used for reisolation of virus
from swabs and tissue samples (29).

RESULTS

Sham-inoculated controls. Neither mor-
bidity nor mortality was observed in the sham-
inoculated control birds of any of the four spe-
ctes. In control birds from each species, discrete
nodules of lymphopoiesis were variably ob-
served in the liver, lung, kidney, pancreas, and
heart. One control emu and two control pi-
geons had mild multifocal lymphoid aggregates
in the air sacs. Control pigeons also had mild
enteric ascaridiasis. One control pigeon had
bursal mononuclear and epithelial cells that
contained basophilic botryoid intracytoplasmic
inclusions. These inclusions were confirmed to
be the result of circovirus infection by DNA in
situ hybridization (data not shown) (31).

Infrequent nonspecific chromagen deposi-
tion, which was restricted to cytoplasmic gran-
ules of scattered individual cells, was observed
in secondary lymphoid tissues and rare individ-
ual submucosal cells of the respiratory and en-
teric tracts of each species. Immunohistochem-
ical staining of this nature has been previously
interpreted as staining of mast cell granules (un-
publ. dara). Virus was not reisolated from swabs
or tissues collected from any of the control
birds of the four species.

Clinical disease. Only the emus and geese
manifested clinical signs, which ranged from
depression to neurologic dysfunction. Progres-
sive neurologic signs, including torticollis, hy-
perexcitability, and incoordination, were ob-
served in one emu beginning at 8 DPI. Begin-
ning at 4 DPI, the geese showed moderate de-
pression, which advanced to neurologic signs in
two geese at 6 DPL. In toral, five geese devel-
oped neurologic signs, which varied from al-
tered behavior o severe torticollis, tremors, and
incoordination (Fig. 1). Mild diarrhea was also
observed in the geese l)cginning at 3 DPI, and
the feces of one goose at 10 DPI consisted of
poorly digested feed.

Gross lesions. Aside from gross lesions af-
filiated with a luxated gastrocnemius tendon,
one emu (5 DPI) had moderate edema of the
peripancreatic mesentery and pancreatic mot-
tling. Gross lesions were more widespread in
the emu euthanatized ar 14 DP] and consisted
of moderate edema of the brain, marked mot-
tling and firmness of the pancreas, and severe
splenomegaly. Both emus also had bijle staining
of the proventricular mucosa and the kaolin lin-
ing of the ventriculus.

The distribution of gross lesions in the Emb.
den geese closely paralleled those observed in
the emus. The majority (73%) of geese had
mulrifocal to coalescing pancreatic  mottling
and firmness, which was first observed at 4 DPI
(Fig. 2). Often accompanying the pancreatic le-
sions were fluid accumulation in small intestine
(45%), thinning of the intestinal wall (45%),
and bile staining of the proventricular mucosa
and ventricular kaolin (45%). Splenomegaly
was observed in the four geese that were sam-
pled on 2 and 4 DPI. Five of six geese sampled
between 7 and 14 DPI had bursal and thymic
atrophy. Malacic foci were observed on the dor-
sal aspect of the cerebral hemispheres in both
geese sampled at 10 DPI (Fig. 3).

Gross lesions in the ducks were mild and in-
cluded splenomegaly in those birds sampled be-
tween 4 and 10 DPI (56%) and mild decreased
lucency of the air sac of one duck at 4 DPJ
(11%). In the pigeons, one virus-inoculated
bird had decreased lucency of the air sac, which
on histopathologic examination was determined
to be due to bacterial infection. Three pigeons
had a thin layer of creamy white material cov-
ering the crop mucosa suggestive of an over-
growth of Candida sp. Remaining virus-inocu-
lated pigeons lacked gross evidence of disease.

Histopathology and IHC. The most prom-
inent lesions in the emus were observed in the
pancreas and brain (Table 2). The pancreas at
5 DPI had severe multifocal to confluent acinar
epithelial necrosis with severe heterophilic in-
Aammarcion (Fig. 4A). In the brain were ran-
domly scattered foci of malacia with gliosis,
mild lymphoplasmacytic perivascular cuffs, and
mild perivascular edema. Lesions in other or-
gans observed at S DPI included mild epithelial
necrosis with mild heterophilic inflammation in
the nasal cavity and air sac, mulaple foci of
cardiac myofiber necrosis wich mononuclear in-
filtration (Fig. 5A), and minimal to mild ne-



Fig. 1. Three-week-old Embden goose showing severe torticollis at 10 days after intranasal inoculation

with HK/220 HPAIV.

Fig. 2. Severe mottling and destruction of the pancreas from a 2-wk-old Embden goose euthanatized at
10 days after intranasal inoculation with HK/220 HPAIV. Bar = 0.5 cm.

Fig. 3. Bilateral malacia in the dorsal aspect of the cerebral hemispheres in the brain from a 2-wk-old
Embden goose euthanatized 10 days after inoculation with HK/220 HPAIV. Bar = 0.5 cm.

crosis of scattered heparocytes with sinusoidal
histiocytosis (Table 2). Viral antigen was closely
associated with the observed lesions in the pan-
creatic acinar epithelium (Fig. 4B), neurons and
glial cells of the brain, epithelium of the nasal
cavity and air sacs, fragmented cardiac myofi-
bers and few macrophages infiltracing the myo-
cardium (Fig. SB), rare hepatocytes, rare biliary
epithelial cells, and rare intestinal epithelial cells
(Table 2). Chronic regenerative changes, in-
cluding cpithelial and stromal proliferation and

parenchymal  lymphoplasmacytic  aggregates,

were observed in the pancreas of the emu cu-
thanatized at 14 DPI. Lesions in the brain at
14 DPI consisted of small infrequent foci of
gliosis, astrogliosis, perivascular cdema, and
swelling of astrocytes. Axonal swelling and vac-
uolation were observed in the arbor vitae of the
cerebellum. Histologic changes obscrved in oth-
cr organs collected at 14 DPI included mild
chronic lymphoplasmacytic rhinitis with glan-
dular hyperplasia, moderate lymphoplasmacytic
air sacculitis with epichelial hyperplasia and in-
terstitial chickening, marked hepatocellular at-
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Embden geese, Pekin ducks, and pigeons® with the A/chicken/Honk Kong/220/97 (H5N1) AlV.

Emus Embden geese Pekin ducks
Tissue H and EB IHC*< H and E [HC H and E IHC

Nasal cavity + + + * + -
Larynx, trachea - - - - + -
Lung — - + - + -
Air sac + + + - + -
Heart + + + + - -
Brain ++ + ++ + — —
Alimentary tract * + + * - -
Pancreas ++ ++ + + ++ — —
Liver + + + + - —
Kidney - - - - - —
Spleen + — + + + -
Bursa, thymus + - + - + -

*No histologic lesion nor viral antigen was demonstrated in the tissues collected from pigeons.

*H and E: — = no lesions; * = minimal; + = mild; + + = moderate.

“IHC: = = no antigen; * = rare; + = infrequent; ++ = common.

rophy with sinusoidal histiocytosis, and mild
heterophilic typhlitis. Lesions were not ob-
served in the heart or other organs. Viral anti-
gen was not demonstrated in any of the tissues
collected from the emu euthanatized at 14 DPI.

Analogous to the emus was the presence of
a severe multifocal to confluent necrotizing to
lymphoplasmacytic pancreatitis in all of the
geese sampled at 4, 7, 10, and 14 DPL Poly-
serositis with heterophilic inflammation and
edema was afhliated with the presence of pan-
creatic acinar necrosis in two of these eight
geese. Neuronal necrosis and gliosis in the
brains from virus-inoculated geese sampled ar
4,7, 10, and 14 DPI were of similar severity
to those observed in the brains of the emus;
however, perivascular lymphoplasmacytic in-
flaimmation was more severe in the geese (Fig.
OA). Viral antigen corresponded to the presence
of histologic lesions in the pancreas and brain
up to 10 DPI, with antigen specifically local-
izing in the pancreatic acinar epithelium, neu-
rons, glial cells, and ependymal cells of the
brain. Mulufocal myocardial necrosis with
mononuclear inflammation, again similar to
that observed in the emu sampled at 5 DPI,
was observed in the hearts of three of four geese
sampled at 4 and 7 DPI. Viral antigen was
demonstrated in infrequent myofibers and in-
Hammatory cells in the hearts of geese at 4 and
7 DPL (Table 2; Fig. 6B). In the livers of the

six geese collected between 4 and 10 DPI, spo-

radic hepatocytic necrosis and Kupffer cell hy-
perplasia with erythrophagocytosis and hemo-
siderin accumulation were observed, and viral
antigen was demonstrated in infrequent to rare
hepatocytes, Kupffer cells, and biliary epithelial
cells (Table 2). Lesions also were consistently
observed in the spleens of geese collected art 4,
7, and 10 DPI and included sinusoidal conges-
tion, mild lymphocellular depletion, and histio-
cytosis with obvious erythrophagocytosis and
hemosiderin accumulation. Viral antigen was
demonstrated in infrequent splenic cells that
morphologically resembled histiocytes (Table
2). Heterophilic to lymphoplasmacytic inflam-
mation that was associated with minimal to no
viral antigen was observed in the nasal caviry
(40%), air sac (50%), conjunctiva (40%), lung
(40%), and alimentary tract (30%) of the geese
as well (Table 2). Mild lymphocellular deple-
tion, which morphologically resembled apopro-
sis, was observed in primary lymphoid organs
of the six geese sampled between 7 and 14 DPI;
however, viral antigen was not observed in the
primary lymphoid organs. Histopathologic le-
sions and immunohistochemical staining for vi-
ral antgen were absent in the remaining tissues
collected from the geese, including all tissues
collected at 14 DPL.

In the ducks, lesions were largely confined to
the respiratory tract. These lesions were typi-
cally mild and included mixed heterophilic and
lymphoplasmacytic rhinitis (50%), lymphoplas-



macytic laryngitis (14%), lymphoplasmacytic
bronchointerstitial pneumonia (50%), and lym-
shoplasmacyrtic airsacculitis that was often ac-
companied by epithelial hyperplasia (38%)
(Fig. 7A; Table 2). These lesions were most
consistent in the ducks sampled at 4 and 7
DPI. Splenic congestion also was observed in
the ducks sampled at 4 and 7 DPI. Two ducks
at 10 DPI had mild bursal atrophy. Remaining
organs lacked significant histopathologic lesions
(Table 2). Viral antigen was not demonstrated
in any of the tissues collected from the virus-
inoculated ducks (Table 2; Fig. 7B).

The pigeons were distinct among the species
investigated. Three of the pigeons had lympho-
plasmacytic inflammation in the nasal cavity,
larynx, trachea, air sacs, and lungs; however,
bacteria were identified in these lesions and
were deemed the causative pathogen. As seen
grossly, three pigeons also had a mild mycotic
ingluvitis (Candida sp.) with bacterial over-
growth, and again these lesions were recognized
as incidental findings unrelated to viral infec-
tion. Basophilic botryoid cytoplasmic inclu-
sions, consistent with circovirus infection, were
identified in the bursas of three virus-inoculated
pigeons. Lesions in other organs from the pi-
geons were not observed, nor was viral antigen
demonstrated in any of the tissues collected
from this species.

Virus reisolation and titration. Results
for virus reisolation and titration from oropha-
ryngeal and cloacal swabs are presented in Table
3. Briefly, virus was reisolated from oropharyn-
geal swabs from the emus from 2 to 7 DPI and
from single cloacal swabs collected on 4 and 5
DPI. Virus was reisolated from the goose clo-
acal swabs at 2 and 4 DPI and from goose oro-
pharyngeal swabs at 4 and 7 DPI. Virus was
recovered only at 2 DPI from the oropharyn-
geal swabs of both virus-inoculated ducks.
"There was no virus reisolation from oropharyn-
geal or cloacal swabs collected from the pigeons
at any time. A

Vitus was reisolated from brain (1049), ‘llung
(10°'), and kidney (10%%) of the emu euthana-
tized at 5 DPI but was not reisolated from these
tissues of the emu cuthanatized at 14 DPI. In
the geese, virus was reisolated from the brain
between 2 (1077, 1/2) and 10 DPI (10, 2/2),
and the highest average titer was obrained from
the brain at 4 DPI (10%7). Virus also was rei-
solated from the lungs of geese collected from

2 (1027, 2/2) vo 7 DPI (1025, 1/2). Again, the
highest average titer was obtained at 4 DPI
(102%, 2/2) from the lungs. Virus reisolation
from the kidney was limited to the geese sam-
pled on 2 (1029, 2/2) and 4 DPI (10%¢, 2/2).
Reisolation of virus from duck tissues was re-
stricted to the lung (10%') and kidney (10%') of
one duck sampled at 4 DPI. However, virus
resiolation from the kidney of this single duck
was likely due to the inclusion of abdominal air
sac in the tissue sample. Virus was not reisola-
ted from any tissue collected at any time from
the pigeons.

DISCUSSION

Three of the four species investigated were
susceptible to infection with the HK/220 virus.
In geese and emus, the HK/220 virus produced
high morbidity but no mortality in 14 DPI,
with morbidity in these species resulting dis-
tinctly from viral neurotropism. This contrasts
with the performance of HK/220 in gallina-
ceous birds, in which the virus produces a ful-
minating and rapidly fatal systemic disease (22).
Despite the obvious contrast between the path-
ogenicity of the HK/220 for these different spe-
cies, there was an intriguing similarity among
these diverse species in the localization of viral
antigen in the brain, pancreas, and, to a lesser
extent, the myocardium of infected birds. This
similarity suggests thar the HK/220 virus has a
preferential tropism for these tissues. Similarly,
other HS as well as H7 HPAIVs have been
demonstrated in or reisolated with consistency
from the brain, pancreas, and heart in chickens,
turkeys, ostriches, and geese (5,16,17,19).
These results indicate that, in addition to the
respiratory tract, the brain and pancreas may be
optimal tissues to collect for virus isolation
from some birds exposed to HPAIVs, especially
prior to the manifestation of obvious clinical
disease, as shown in the current investigation in
emus and geese. However, it is important to
note that, in both of these species, detectable
viral shedding ceased prior to or concurrent
with obvious clinical disease, and there was a
lack of reisolation and immunohistochemical
demonstration of virus in tissues after 10 DPI,
despite the obvious clinical signs that were ob-
served. Therefore, in natural infections of emus
and geese, additional diagnostic methods, such

p51
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Fig. 4. Photomicrographs of the pancreas from a 2-wk-old emu cuthanatized S days after intranasal
moculation with HK/220 HPAIV. (a) Severe multifocal to confluent necrosis of pancreanc acinar epithelium
with heterophilic inflammation. H&E stain. Bar = S0 pwm. (b) Demonstration of AIV NP antgen 1o
pancreatic acinar epithelium. Immunohistochemical stain. Bar = 50 pm.



Table 3. Virus reisolation from oropharyngeal and cloacal swabs obtained at differenc time points from
emus, Embden geese, Pekin ducks, and pigeons® t.n. inoculated with the A/chickcn/Hong Kong/220/97
(HS5N1) AlVe

pbl

Emus Geese Ducks

DPI Oral (uiter) Cloacal (titer) Oral (titer)  Cloacal (titer) Oral (titer)  Cloacal (riter)
2 2/2 (1.5) 0/2 0/2 2/2 (1.8) 2/2 (1.6) 0/2

4 2/2 (3.0) 172 (1.2) 2/2 (1.8) 212 (2.4) 0/2 0/2

5 1/1 (4.9) 171 (1.5) NS¢ NS NS NS

7 1/1 (0.97) 0/1 1/2 (1.9) 072 0/2 0/2

10 0/1 0/1 0/2 0/2 0/2 0/2

14 0/1 0/1 0/2 0/2 0/2 0/2

*Virus reisolation was 0/2 for all oropharyngeal or cloacal swabs collected from pigeons at 2, 4, 7, 10, and

14 DPL

“No. positive/no. sampled; titers expressed as log,, EID,/1.0 ml; average of titer presented when virus was

retsolated in swabs from both sampled birds.
“NS = not sampled.

as serology, may be required for the confirma-
tion of AIV infection.

In contrast to its performance in gallinaceous
birds, geese, and emus, the HK/220 virus pro-
duced no overt clinical disease in ducks. Fur-
thermore, infection with the HK/220 HPAIV
remained confined to the respiratory tract of
virus-inoculated ducks, in which mild to mod-
erate lymphoplasmacytic inflammation was the
only histopathologic lesion associated with in-
fection. These results are analogous to those ex-
perimentally produced by Cooley et al. (9) with
AlVs that were both nonpathogenic and highly
pathogenic for chickens. Despite the lack of
clinical disease, the presence of inflammarory
lesions in the upper and lower respiratory tracts
indicates that infection of ducks with the HK/
220 virus and other AIVs is not entirely innoc-
uous.

Some disparity exists between the swab virus
reisolation results obrained in the current in-

vestigation and those reported in a previous
publication, in which Hong Kong-origin
H5N1 viruses were reisolated from pooled
swabs from experimentally inoculated ducks up
to 5 DPI (25). In this investigation, virus was
reisolated from oropharyngeal swabs from che
ducks at 1 DPI and not from cloacal swabs.
This minor disparity in the period of viral shed-
ding may relate to the lower number of ducks
swabbed at each time point in this investiga-
tion, differences in the route of inoculation be-
tween the studies, or strain differences in the
viruses used for inoculation. Furthermore, the
lack of virus reisolation from the cloaca of the
ducks in this investigation contrasts with pre-
conceived expectations concerning influenza vi-
ral enteric replication and shedding from wa-
terfowl (30). Isolation of influenza viruses from
waterfowl has been more consistently obtained
from cloacal swabs as compared with oropha-
ryngeal or tracheal swabs because of the prev-

—

Fig. 5. Photomicrographs of the heart from a 2-wk-old emu euthanatized 5 days after intranasal inoculation
with HK/220 HPAIV. (a) Focally extensive myofiber fragmentation and necrosis with mononuclear inflam-
mation. H&E stain. Bar = 50 wm. (b) Demonstration of AIV NP antigen in cardiac myofibers and infiltrating
macrophages. Immunohistochemical stain. Bar = 50 pm.

Fig. 6. Photomicrographs of the brain from a 2-wk-old Embden goose euthanatized 7 days after intranasal
inoculation with HK/220 HPAIV. (a) Perivascular lymphoplasmacytic cuffs, glial nodule formation, and
vacuolation of neuropil. H&E stain. Bar = 50 pm. (b) Demonstration of AIV NP antigen in neurons and
scateered glial cells. Immunohistochemical stain. Bar = S0 Jm.

Fig. 7. Photomicrographs of the lung from a 4-wk-old Pekin duck euchanatized 4 days after intranasal
inoculation with the HK/220 HPAIV. (a) Moderate lymphoplasmacytic bronchointerstitial pneumonia with
few heterophils centered around the lumen of a parabronchus. H&E stain. Bar = 25 pm, (b) Lack of AIV
NP antigen in association with inflammation. Immunohistochemical stain. Bar = 25 pm.



alence of viral replication in the enteric tract of
ducks and other waterfowl (14,30). However,
that human-origin influenza viruses lack partic-
ular attributes that allow them to persist in and
replicate in the enteric tract of waterfowl has
been reported. Extrapolation of these data to
the results obtained in this Investigation sug-
gests that the HK/220 virus may lack the ability
for enteric viral replication in waterfow! (30).
In pigeons, the lack of clinical signs, patho-
logic lesions related to virus inoculation, and
virus recovery from swabs and tissues signifies
that the HK/220 virus was not capable or was
only minimally capable of infecting pigeons
when administered i.n., despite the fact that
these birds were naturally infected with circo-
virus, which can cause significant immunosup-
pression and increased susceptibility to other
pathogens. The observation of secondary my-
cotic and bacterial infections in several of the
pigeons included in this study was likely a man-
ifestation of this circovirus-induced immuno-
suppression (31). Similar results concerning the
susceptibility of pigeons to Al have been ob-
tained by others using nonpathogenic and high-
ly pathogenic AIVs, including recent HON2
Hong Kong—origin isolates that share six inter-
nal genes with the HK/220 virus (13,21). The
results of these previous investigations and the
current report indicate that pigeons have an in-
nate resistance to 'AlV infection and disease.
The results obrained from this investigation
suggest that, from an epidemiologic standpoint,
geese and ducks could have served as transient
and minor hosts in the perpetuation of Hong
Kong-origin H5N1 AIVs in the LBMs. How-
ever, disease resulting from H5N1 HPAIV in-
fection was reported in only a small percentage
of chickens in the LBMs, and, in consideration
of the results of this investigation, some degree
of disease would have been expected in geese if
they had served as significant hosts of these vi-
ruses (24). In contrast to geese and ducks, and
despite their high prevalence in the markets, pi-
geons were not likely to have played a signifi-
cant role in the transmission and perpetuation
of the Hong Kong—origin HSNI viruses in the
Hong Kong LBMs (13). Furthermore, the re-
sults presented in this Investigation are in ac-
cordance with the recent suggestion that chick-
ens served as the most important avian host of

the HSN1 influenza viruses (23).
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