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Intranasal infection of male outbred rats with isolate of influenza A virus subtype HSN1
(A/Gs/Krasnoozerskoye/627/05) from the Novosibirsk region was followed by high
mortality of experimental animals. Morphological study of liver samples revealed subto-
tal destructive changes in the liver parenchyma (proteinosis and centrolobular necroses),
which was related to hemodynamic disorders and cytokine dysregulation. The decrease
in reparative activity of hepatocytes was probably followed by hepatocellular failure and
contributed to high mortality rate from this infection (up to 85%).
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In 1997-2007 the incidence of human infection
with highly pathogenic avian influenza virus (AIV)
reached 306, of them 150 patients died [6,8,11].
This disease is associated with direct transmission
of AIV subtype H5N1 from infected birds to hu-
mans [10,11].

Influenza A virus subtype H5NT1 is highly viru-
lent and causes generalized infection in the human
population in the absence of previously formed spe-
cific immunity. Studies of circulating isolates re-
vealed continuous evolution of this virus and in-
crease in species range of host organisms [5]. Hence,
subtype H5N1 of virus A is considered as the most
probable cause for influenza pandemics.
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An outbreak of avian influenza erupted in Rus-
sia at the end of July 2005 [1]. During this period,
highly pathogenic AIV were first revealed in Rus-
sia. Hence, the evaluation of viral characteristics
and morphological changes in the liver (homeo-
stasis-maintaining organ) is an urgent problem.

This work was designed to study morphologi-
cal changes in the liver of mice infected with in-
fluenza virus subtype H5NI1 from Russia (A/Gs/
Krasnoozerskoye/627/05).

MATERIALS AND METHODS

Experiments were performed on 125 male outbred
mice aging 6 weeks and weighing 20-25 g. This
approach allowed us to exclude genotype deter-
mination for the response. Influenza A virus sub-
type HS5N1 (strain A/Gs/Krasnoozerskoye/627/05)
was isolated from dead birds during influenza pan-
demic in the Novosibirsk region (July 2005) [9].
The animals were divided into 2 groups. Con-
trol group 1 consisted of 30 intact mice. Group 2
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animals were intranasally infected with influenza A
virus subtype H5N1 (strain A/Gs/Krasnoozerskoye/
627/05) in a dose of MLD,, (mouse lethal dose,
death of 50% animals). The animals were main-
tained under standard conditions and had free ac-
cess to food and water.

The samples were obtained on days 1, 2, 3, 6,
and 10 after infection (15 mice per point). The
animals were killed by cervical dislocation under
ether anesthesia. Liver samples were examined.

For light microscopy, liver samples were fixed
in 10% neutral formalin, dehydrated with alcohols
in increasing concentrations, and embedded in par-
affin. Sections (5 u) were stained with hematoxylin
and eosin (van Gieson technique). The following
morphometric parameters were evaluated: volume
density of destructive changes, volume density of
portal tract infiltration, numerical density (ND) of
lymphocytes in sinusoids, and ND of binucleated
hepatocytes. The mean values were calculated by
methods of variation statistics. The significance of
differences between mean values was estimated by
Student’s ¢ test. The differences were significant at
p<0.05.

RESULTS

Infection of animals was followed by acute infec-
tious process. The mean life span was 8.19+0.18
days. The mortality rate was 85%.

Light microscopy of the liver parenchyma from
infected animals revealed paretic dilation and ple-
thora of large vessels and sinusoids, stasis and hemo-
lysis of erythrocytes, and fibrinoid changes in the
vascular wall during the first 6 days after infection.

Starting from day 1 after infection we observed
hepatocyte degeneration presented by hydropic chan-
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ges later transformed into balloon degeneration.
Necrotic areas were located centrolobularly. The
volume density of degenerative and necrotic chan-
ges in the liver parenchyma of AIV subtype H5N1-
infected animals was summarized. The volume den-
sity of liver destruction reached maximum on day
6 after infection (93.78%). These data illustrate
subtotal damage to hepatocytes and development of
liver failure. This parameter decreased by 17.6% on
day 10, but remained relatively high (77.3% hepa-
tocytes, Table 1).

Reparative activity of the liver parenchyma was
evaluated from ND of binucleated hepatocytes. On
days 1 and 2 after infection, ND of binucleated
hepatocytes was below the control (by 5 and 10
times, respectively), but on days 6-10 this para-
meter increased by 8 times (Table 1).

The inflammatory cell response was manifested
in infiltration of portal tracts with lymphocytes and
macrophages and presence of lymphocyte chains in
sinusoids. In all periods, the volume density of
infiltrates was <1% (Table 1). ND of lymphocytes
in the lumen of dilated sinusoids decreased by 4
times on days 1-6 after infection (Table 1). These
data suggest that replication of AIV HS5NI is ac-
companied by inhibition of cell immunity. A signi-
ficant increase in lymphocyte ND was observed on
days 6-10 after infection (by 17.5 times, Table 1).

Histological study showed that morphogenesis
of liver changes during viral infection with influ-
enza A virus subtype HS5NI1 (A/Gs/Krasnoozer-
skoye/627/05) is mainly characterized by destructive
processes and inhibition of the cellular immune re-
sponse. These changes are probably associated with
dysregulation in production of proinflammatory and
antiinflammatory cytokines by the mononuclear
phagocyte system and natural killer cells. Previous

TABLE 1. Morphometric Parameters of Structural Changes in the Liver of Experimental Animals Infected with AV H5N1

(A/Gs/Krasnoozerskoye/627/05, M+m)

Infected animals
Control ) ) .
Parameter (intact period after infection, days
imal

animals) 5 3 6 10
Volume density of destructive
changes, % 1.80+0.06 | 86.34+0.62* | 91.04+0.53*" | 90.80+0.48* | 93.78+0.43** | 77.30+0.76**
Volume density of infiltrates, % — 0.06+0.06 0.28+0.16 0.06+0.04 0.07+0.07 0.53+0.17*
ND of lymphocytes
in sinusoids, 4.2x10% p? 2.45+0.15 3.30+£0.24* | 1.92+0.14** | 0.84+0.08** | 0.82+0.12* | 14.30+0.85**
ND of binucleated
hepatocytes, 4.2x10% u? 9.64+0.26* 1.98+0.17* | 1.06+0.14** | 1.34+0.17* 1.03+£0.15* | 8.02+0.51**

Note. p<0.005: *compared to the control; *compared to previous period.
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studies showed that the concentration of proinflam-
matory cytokines interleukin-6 (IL-6) and TNF-o
increases, while the content of IFN-y decreases in
mammalian blood plasma during the early period
after infection [2]. Cytokine-inactivated sinusoidal
cells synthesize eicosanoids (thromboxanes, pro-
stacyclins, efc.), which contributes to paretic dila-
tion of vessels, platelet and erythrocyte sludge in
sinusoids, and ischemic hepatocellular necrosis [4].
Activation of macrophages and Kupffer cells is
followed by increased production of reactive oxy-
gen and nitrogen species [7], which determines the
cytotoxic effect on hepatocytes.

The severity of destructive changes in the liver
of survived animals decreased, while ND of lym-
phocytes in sinusoids increased on day 10 after
infection. These changes are probably associated
with increased secretion of proinflammatory cyto-
kines IL-10 and IL-2 [2] and alternative activation
of macrophages, which results in the decrease in
cytotoxic properties, high-intensity endocytosis of
cell destruction products [3], and simultaneous ele-
vation of reparative activity of hepatocytes.

This work was supported by the Federal Target
Program ‘“Research and development in the priority
areas of scientific and technological complex of
Russia for 2007-2012”, State Contract No. 02.512.
11.2193, Bio Industry Initiative (USA), and Inter-

245

national Scientific and Technical Center (ISTC, grant
No. 3436).

REFERENCES

1. Avian Influenza in Siberia, 2005: Laboratory and Epidemio-
logical Studies and Antiepidemic and Antiepizootic Measures
during the Influenza Virus Epizootic in the Siberian and Ural
Federal Districts of the Russian Federation (July-September
2005), Ed. G. G. Onishchenko [in Russian], Novosibirsk (2006).

2. V. A. Evseenko, K. A. Sharshov, E. K. Bukin, et al., Byull.
Eksp. Biol. Med., Suppl. 1, 52-55 (2008).

3. N. K. Zenkov, E. B. Men’shchikova, and V. A. Shkurupy,
Uspekhi Sovrem. Biol., 127, No. 3, 243-256 (2007).

4. V. T. Ivashkin, Ros. Zh. Gastroenterol. Gepatol. Koloproktol.,
No. 5, 13-17 (1998).

5. N. V. Kaverin and Yu. A. Smirnov, Vopr. Virusol., 3, 4-10 (2003).

6. A. N. Matrosov and N. V. Popov, Epizootiology of Avian
Influenza (Review of Literature and Operative Information of
the World Health Organization) [in Russian], Moscow (2000).

7. E. B. Men’shchikova, V. Z. Lankin, N. K. Zenkov, et al., Oxi-
dative Stress. Prooxidants and Antioxidants [in Russian], Mos-
cow (2006).

8.J. C. De Jong, E. C. Claas, A. D. Osterhaus, et al., Nature,
389, No. 6651, 554 (1997).

9. V. A. Evseenko, A. V. Zaykovskaya, V. A. Ternovoi, et al.,
Dokl. Biol. Sci., 414, 226-230 (2007).

10. K. F. Shortridge, P. Gao, Y. Guan, et al., Vet. Microbiol., 74,
Nos. 1-2, 141-147 (2000).

11. D. L. Suarez, M. L. Perdue, N. Cox, et al., J. Virol., 72, No. 8,
6678-6688 (1998).






