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Intravenous infection of chicken with H5N1 avian influenza virus (strain A/Gs/Krasno-
ozerskoye/627/05) causes rapid lethal outcome. Pathomorphological study of bird
viscera showed manifestations of disseminated intravascular coagulation syndrome,
generalized inflammatory reaction, and wide-scale necrobiotic changes in tissues.
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Avian influenza is a hazardous infectious disease
caused by avian influenza A viruses (AIV). Water-
fowl are also AIV carriers. Subtype H5 AIV chan-
ged in recent years, due to which it overcame the
species barrier. Its virulence for not only domestic
geese and ducks, but also for its natural hosts (wild
waterfowl) increased. Previously rare epizootics
caused by highly pathogenic AIV strains are now
characterized by involvement of some mammalian
species and humans [2,9,12]. Since 2003 highly
pathogenic H5N1 AIV caused overall deaths of
birds not once [10] and was responsible for human
disease with lethal outcomes in more than 50% ca-
ses [3,6,7].

Highly pathogenic HSN1 AIV strains were iso-
lated in summer, 2005 during an epizootic in birds
in the Novosibirsk region [1]. The pathological
changes in organs of dead animals were not studied
then. High variability of AIV and the threat of in-
fection for mammals and humans prompt studying
the pathological changes in the viscera of domestic
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chicken as the most probable source of human in-
fection.

We studied morphological changes in chicken
viscera after infection with a new highly pathogenic
H5N1 AIV strain isolated from birds which fell ill
during an epizootic of 2005 in the Novosibirsk
region.

MATERIALS AND METHODS

H5N1 viruses were isolated from the lung tissue
and cloacal washings from fowl (domestic chic-
ken, ducks, geese) which fell ill or were dying.
The isolated strains were used for infection of 10-
day chicken embryos, in which allantoic fluid was
collected after 36-48 h of egg incubation at 33-
34°C. The virus was identified using antibodies to
hemagglutinin (gracious gift from Dr. R. Webster,
Infectious Disease Department of St. Jude Chil-
dren’s Research Hospital, Memphis, USA). The
initial virus titer was 10°? EID,/ml (EIDs, is em-
bryonic infective dose, at which 50% embryos are
infected).

Virological analysis of HSN1 AIV strains iso-
lated from birds dead during the disease outbreak
in July, 2005 in Novosibirsk region showed that
strain A/Gs/Krasnoozerskoye/627/05 was highly
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pathogenic for chicken [5], due to which it was
used in our experiment.

Clinically healthy chicken aged 6 weeks were
used. They were infected with a solution containing
A/Gs/Krasnoozerskoye/627/05 virus in a concentra-
tion corresponding to 1:100 dilution of the sus-
pension with the initial titer of 10°? EIDsy/ml. The
birds were infected into the axillary vein in a dose
0.5 ml per bird.

Material for the analysis was collected after 24-
36 h from 10 chicken in a state of agony. Speci-
mens of the lungs, liver, kidneys, spleen, small
intestine, and brain were collected.

The specimens were fixed in 10% formalin and
dehydrated in ascending alcohols, butanol, xylene,
and embedded in paraffin with bee wax. The sec-
tions (5-7 p) were stained with hematoxylin and
eosin and examined under an Axioscop 40 mi-
croscope fitted with an AxioCam MRc digital pho-
tocam (Carl Zeiss).

RESULTS

The first signs of the disease in chicken manifested 6-
8 h after infection, which was in line with the previous
report [4]. The disease manifested by decreased mo-
bility, lameness, loss of coordination, progressive dys-
pnea and diarrhea. The birds died after 24-36 h.
The lungs are one of the main targets for AIV
[11,14]. Incorporations seen in the alveolar cells
were presumably aggregations of viral particles.
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This hypothesis is based on findings of electron
microscopy of the viscera of birds dead from H5N1
AIV [13]. Viral particles in infected chicken were
most often detected in the lung alveolocytes, blood
vessel endotheliocytes, macrophages, and granular
leukocytes [13].

Pulmonary blood capillaries were dilated and
hyperemic. Clots including cell detritus and fibrin
were often seen in the vascular lumen. Vascular
walls were in a state of plasmatic imbibition, endo-
thelial lining was impaired. Alveolar cavities were
filled with blood cells; in addition to erythrocytes
and leukocytes, platelets were seen. Alveolar and
bronchial epitheliocytes were necrotic. Cell ne-
croses and small foci of leukocytic infiltration were
detected also in the lung stroma (Fig. 1, a).

Splenic red pulp sinuses were dilated; hemo-
stasis and erythrocyte hemolysis were seen in the
blood vessels. Small hemorrhagic foci, multifocal
necroses, separate necrotic cells were seen in these
zones (Fig. 1, ). Numerous macrophages in necro-
tic zones contained large and small incorporations.
Higher polymorphism of cellular composition in the
center of primary nodules indicated the beginning
formation of germinative centers, sites of prolifera-
tion of B-immunoblasts. However, rapidly progres-
sing destructive processes in vitally important or-
gans led to bird death long before the potential of
defense forces could be realized.

The cord structure of the liver was as a rule
impaired by hemorrhages. Vascular wall of large

Fig. 1. Fragments of the lung (a) and spleen (b) of chicken infected by H5N1 AIV. a) alveolar cavities filled by blood cells; necrotic
epitheliocytes in the alveoles (arrow) and bronchi; necrotic cells and small foci of leukocytic infiltration (LI) in lung stroma; macrophages
(MP) with large and small incorporations; b) impaired structure of the spleen, large and small vessels are dilated; hemorrhagic foci
(arrow) and necroses (asterisk). Here and in Figs. 2, 3: hematoxylin and eosin staining, x1600.
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Fig. 2. Liver fragment from a chicken infected with H5N1 AlV. Gir-
der structure is impaired; hemostasis, erythrocyte hemolysis in
large vessels; sinusoids are dilated; foci of hemorrhages and
necroses (asterisk), leukocytic infiltration; hepatocytes (arrow) in
a state of vacuolar degeneration.

hepatic vessels and central veins was edematous,
in many cases the endothelial lining was impaired,
and erythrocytes were hemolyzed. The sinusoids
and Disse spaces were significantly dilated, parti-
cularly in the subcapsular zone. Numerous cell ele-
ments and macrophages with dark brown incor-
porations in the cytoplasm were seen in the sinu-
soids and Disse space. Similar incorporations were
seen also in the central vein and sinusoidal endo-
theliocytes. Centrolobularl leukocytic infiltration
was seen. Hepatocytes were in a state of hydropic
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degeneration (Fig. 2). Hepatocyte necroses were
most often seen at the periphery of hepatic lobules,
most often near large blood vessels, and apoptotic
bodies were seen in the stroma and macrophages.

Renal lesions were not so deep as in the lungs,
spleen, and liver. Despite signs of hemodynamic
disorders, the organ structure was in general re-
tained. The most significant changes were as fol-
lows: small foci of leukocytic infiltration, mainly
near large vessels, hemorrhages and fibrin depo-
sitions presenting as compact vitreous pink mass in
renal bodies, floccular contents in the lumen of
proximal and distal tubules of the nephron. Tubular
epithelium was edematous, some cells in a state of
hydropic and balloon degeneration and necrosis.
Epithelial cells in collecting tubules were hydropic
and often destroyed (Fig. 3, a).

Brain tissue was edematous, blood vessels dila-
ted with signs of hemostasis. Hemorrhagic foci of
different size and location were seen. Foci of ne-
crosis and neurons with signs of degeneration, topo-
graphically often not linked with blood vessels,
were seen everywhere (Fig. 3, b). Chromatolysis
was observed in many cerebral neurons. Hetero-
morphic basophilic accumulations (a result of overall
neuronal death) were often seen in the tissue; presum-
ably these were nonphagocytosed cell structures. The
count of microglial cells significantly increased, par-
ticularly in the perivascular zone. Structural lesions
of the brain resulted in serious motor disorders.

Fig. 3. Fragments of the kidney (a) and brain (b) of chicken infected by H5N1 AlV. a) hemostasis in renal vessels; small foci of leukocytic
infiltration; proximal tubules are stenosed, with floccular contents in the lumen; edematous tubular epithelium (arrow); part of cells in a
state of hydropic and balloon degeneration, necrosis (asterisk); b) edematous brain tissue, dilated blood vessels with signs of hemostasis,
foci of hemorrhages of different size and location, necrotic foci (arrow) and neurons with signs of degeneration, chromatolysis everywhere.
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Edema of the mucosal and submucosal lamina
propria was noted in the small intestine; epithelio-
cytes with signs of necrosis were rare. On the whole,
the organ looked little changed.

Histological study showed pantropism of the
virus strain used for infection. Virtually all exa-
mined chicken viscera had pronounced destructive
changes leading to suppression of their functional
activity. Hemostasis, erythrocyte hemolysis and
fibrinoid swelling of vascularl walls, plasmatic im-
bibition of the stroma, leukocytic infiltration, nu-
merous large and small hemorrhagic foci, degene-
rative changes and necrosis of parenchymatous
structures, activated macrophages with signs of
phagocytosis were characteristic of the majority of
organs of infected birds. Similar changes were ob-
served in birds infected by other highly pathogenic
H5N1 AIV strains [7,13]. Japanese scientists de-
tected a gene expressing a tissue factor (the main
initiator of coagulopathy development) in chicken
infected by AIV [8]. Presumably, the development
of coagulopathy and disseminated intravascular
coagulation, signs of which were noted in tissues
of the majority of examined organs, result in hemo-
dynamic and tissue homeostasis disorders and de-
velopment of deep destructive lesions. This results
in suppression of functional activity of the main
body systems and eventuates in death.

Hence, rapid death of birds after intravenous
infection with highly pathogenic H5N1 strain A/Gs/
Krasnoozerskoye/627/05 is a result of the develop-
ment of deep morphofunctional disorders in the
majority of organs.

The study was carried out within the framework
of Federal Target Program “Research and Develop-
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ment of Priority Trends of Scientific and Techno-
logical Complex of Russia for 2007-2012”, State
Contract No. 02.512.11.2193, and NGU innovation
educational program (No. 2007-2-1.2-04-05-028).
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