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SUMMARY

Duck virus hepatitis, a highly contagious disease occurring in ducklings, is currently reported in all countries with duck breeding industry. This infection is included
in the list of notifiable diseases of the World Organization for Animal Health, restrictive measures are established and the regionalization of the country’s territory
is carried out in case of its occurrence. Timely vaccination of parent flocks in order to obtain immune offspring takes a priority place in the system of anti-epidemic
measures. Due to active development of duck breeding industry and increasing number of backyard farms, the need for high-quality and effective prevention tools
for this infectious disease is growing. To date, one domestic native vaccine produced by FGBI“ARRIAH" and registered in the Russian Federation is available in native
form and is intended for parenteral use. In order to extend the vaccine’s shelf life and for storage and transportation convenience, a live freeze-dried vaccine against
duck virus hepatitis is being developed. The paper presents results of studying the pathogenesis of duck virus hepatitis and evaluating the efficacy and safety of the
vaccine under development. Pathomorphological studies carried out post experimental infection indicate that duck hepatitis virus induces pathogenic effect not
only in birds' digestive organs (the liver, in particular) but also causes degenerative changes in central and peripheral immune organs: in cloacal bursa, thymus and
third eyelid gland, that may be manifested as deficiency of B- and T-cell immunity and requires further studies. It has been shown that in case of immunization of
3-day-old ducklings, the experimental vaccine induces antibody-mediated immune response, no harmful effect is produced on poultry if a tenfold dose is admin-
istered which indicates its safety, and the vaccine ensures protection against infection with a control virulent strain of hepatitis virus.
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PE3IOME

B HacToAILLiee BpemA Takoe BbICOKOKOHTarno3Hoe 3aboeBaHme, Kak BUPYCHbIIA FenaTuT yTAT, perucTpupyioT BO BCex CTpaHaX, [/ie 3aHUMaloTCA pa3BejeHrem
yToK. [laHHaA UHGeKLVA BKNloYeHa B nepeyeHb HOTUGULMpPYeMbix Gone3Heil BceMupHOIi opraHiM3aLyn 35paBoOXpaHeHIA XKIBOTHBIX, P ee BO3HUKHOBEHUM
YCTaHaBNMBAIOTCA OFPaHUUMTENbHbIE MEPONPUATUA Y NPOBOAUTCA PErMOHaNU3aLNA TepPUTOPUM CTPaHbI. B cucTeMe NpoTUBOINM300TINYECKIX MEPONPUATHIE
BeZyLLee MecTo 3aHUMaeT (BoeBPeMeHHaA BaKLIMHALMA YTOK POAUTENBCKOTO CTaAA C LIEMIbI0 NOYYeHA UMMYHHOTO NOTOMCTBA. B yCn0BUAX akTUBHOTO pa3-
BUTIA NPOMBILLNEHHOTO YTKOBOACTBA U YBENMYEHNA KONMYECTBA YaCTHbIX NOABOPHIi PacTeT HeobXOAMMOCTb B KaUeCTBEHHDIX 1 3¢ deKTUBHbIX CPeACTBaX Npo-
$unakTUKN JaHHO MHGeKLMOHHOIT Gone3Hu. Ha Tepputopun Poccuiickoii Oepepaini Ha CerofHALIHNIA ieHb 3aperncTpupoBaHa 0fiHa 0TeyecTBEHHad BaKLHa
npou3sopctBa OIBY «BHUN3X», koTopas BbinyckaeTcA B HaTMBHOM BYfe 1 NPeHa3HaueHa ANA NapeHTepanbHoro npumeHeHns. C Lenbio yBenuyeHna cpoka
TOLHOCTY Npenaparta, a Takxke AnA YA06CTBa ero XpaHeHa U TPAHCMOPTUPOBKM BeLyTcA paboTbl No pa3paboTke BaKLMHbI NPOTUB BUPYCHOTO renaruTa yTaT
XUBOI N0GUAN3MPOBAHHOIA. B CTaTbe npeACTaBNEHbI pe3yNbTaTbl U3yyeHus NaToreHe3a BUPYCHOTO renatiiTa YTAT U OLieHKI SOOEKTUBHOCTY v Ge3BpesHOCTH
pa3pabaTbiBaeMoil BakLMHbI. [poBe/ieHHble Mo JKCNepUMeHTanbHOr0 3apaxeHna naToMopoNornyeckie nccnef0BaHNA CBUAETENbCTBYIOT 0 TOM, YTO BIPYC
renaTiTa yTAT 0Ka3blBaeT naToreHHoe AeiiCTBHE He TONbKO Ha OpraHbl MLLEBAPUTENbHOI CUCTEMbI MTHILL, B YaCTHOCTY Ha MeYeHb, HO 1 BbI3bIBAET fiereHepaTuBHble
W3MeHeHVA B LiIeHTPanbHbIX 1 neprdepuyeckinx opraHax IMMYHHOIT CUCTEMbI: B KNoakanbHoii Gypce, TUMYCe 1 Kene3e TPeTbero Beka, YTo MOXeT NPOABAATHCA
Aeduuutom B- n T-kneTouHoro 3BeHa IMMYyHHOTO 0TBeTa U TpebyeT RONONHUTENbHOTO U3yyeHus. [Ioka3aHo, 4To Npu UMMYHU3aLMK YTAT B 3-CyTOUHOM BO3pacTe
KCnepUMeHTanbHblii Mpenapart UHAYLMPYeT ryMopasbHblil IMMYHHbIii OTBET, BBEAEHIE AeCATUKPATHOI 03bl HE OKa3bIBAET BPEAHOT0 BO3/AE/ICTBIA Ha OpraHu3m
NTUL 1 FOBOPMT 0 €0 6e30MacHOCTH, BaKLIHA 00eCneynBaeT 3aluuTy 0T 3apaXkeHua KOHTPONbHBIM BUPYNIEHTHBIM LTaMMOM BUpYCa renatura.

KnioueBbie cioBa: BUPYCHbIN renaTuT yTaT, NatoreHe3, KOHTPONbHbIIA LTaMM, TUTP BUpYyCa
bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHUN3X» B pamkax TemaTuku HayuHo-uccneaoBatenbekux pabot «BetepuHapHoe 6narononyune».

[ins untuposauusa: YecHokosa A. A., BaxoBa E. B., Mpoxux B. B., Yynuka 0. A., Domenko B. 10., Bonkos M. C., p3a B. H. Pe3ynbtathl 3kcnepumeHTansHoro
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INTRODUCTION

Duck virus hepatitis type | (infectious duck hepatitis,
DVH) is a highly contagious disease, occurring extreme-
ly acutely in ducklings up to 6 weeks of age and latently
in ducks, which is characterized by liver lesions and high
mortality of young birds. The disease causes significant
economic damage to duck farms, in particular commercial
holdings, since it causes death of 1-30-day-old ducklings
(mortality rate is up to 95%) and a decrease in duck pro-
ductivity. Convalescent ducklings are characterized by re-
tarded growth and development, which results in partial
loss of meat productivity and deterioration of breeding
results. Duck virus hepatitis is registered in many European
countries, in Southeast Asia, as well as in Egypt, the USA
and Canada. The disease-caused damage increases due
to the costs on restrictive measures that disrupt the eco-
nomy of the farm, especially when the disease becomes
persistent [1-4]. Duck virus hepatitis is included in the list
of notifiable diseases of the World Animal Health Orga-
nization [5] and considered a quarantinable infection [6],
subject to the regionalization carried out in the country [7].

The disease is caused by the RNA-virus belonging to
the Picornaviridae family, the genus Avihepatovirus [8],
which is classified into three types based on antigenic

differences. Duck virus hepatitis type | is currently classi-
fied into 3 serotypes based on phylogenetic analysis and
neutralization test results. Duck hepatitis virus serotype 1
is described in the literature as classic, it is spread all over
the world and has the most significant impact on local
poultry industry. On the contrary, DVH serotype 2 was de-
tected only in Taiwan, and DVH serotype 3 was first regis-
tered in South Korea and recently identified in mainland
China and Vietnam [9-12].

In natural conditions, ducklings of up to 40 days of age
can be affected with viral hepatitis, but young birds
are more likely to get diseased at the age of 1-30 days.
Goslings of up to 10-12 days of age are also susceptible
to DVH type |, when infected both naturally and artificial-
ly. Rapid development of age-related immunity is a char-
acteristic feature of this infection, that is, older ducklings
and adult ducks do not have clinical disease [3, 5]. The vi-
ral hepatitis cases and a sharp drop in egg production
have been registered in laying duck populations in Chi-
na since December 2016 [13]. The pathogenesis of DVH
has not been studied enough. The DVH affects birds via
different routes. Natural infection occurs horizontally,
mainly through mucosa of digestive and respiratory or-
gans [11, 14]. There is currently no evidence of vertical
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transmission of the pathogen [15]. Penetrating into
the body, the virus rapidly replicates and enters many or-
gans hematogenically (primarily the liver and brain) [16].
The death of ducklings is caused by irreversible changes
in the liver and other organs. As a rule, dead ducklings
have a good body condition, though demonstrate signs
of intoxication. As regards chronic viral hepatitis, lesions
in the organs are of the same nature, but necrotic foci in
the liver are more extensive [4, 17, 18].

Duck virus hepatitis is characterized by typical disease
signs: anorexia, lethargy, reduced movement; long periods
of ducklings sitting, loss of balance (ataxia). Occasionally
diarrhea, rhinitis, conjunctivitis are observed. Spasms oc-
cur within 1-2 hours, less often 5-6 hours after the on-
set of neurological signs, while legs are stretched along
the body, ducklings fall on their backs or on their sides
with heads thrown back (opisthotonus), make paddling
movements [14, 19]. Death occurs after several spasms.
Complete recovery is rare, sometimes the disease be-
comes chronic, while birds lag behind in growth and de-
velopment [2].

The necropsy of dead ducklings reveals that the most
pronounced and characteristic changes are observed in
the liver, which is noticeably enlarged in size, is ochre-
yellow in color, the parenchyma is flabby, it easily col-
lapses under pressure, in most cases the surface is strewn
with hemorrhages varying from points to spots in shape.
The gallbladder is generally full of bile. The cardiac muscle
is dystrophic, resembles the appearance of boiled meat,
the coronary vessels are blood-filled, an increased amount
of serous fluid is often seen in the pericardial cavity [1, 2, 19].

Infected feed, water, litter, as well as contaminated
poultry handling equipment are considered the patho-
gen’s transmission factors. Such measures as quarantine
and disinfection are used for control of DVH [8].

Due to the pathogen’s variability and belonging to va-
rious serotypes, the DVH epidemic situation remains dif-
ficultin commercial duck breeding farms, but the disease
can be effectively prevented by timely vaccination of adult
ducks in order to obtain immune offspring [20]. Inactivated
and live attenuated vaccines are used worldwide for spe-
cific disease prevention. China is the leader in the immu-
noprophylaxis of DVH using live vaccines [15]. The only
domestic vaccine currently registered in the Russian Fe-
deration is the one produced by FGBI“ARRIAH" (Vladimir),
itis available in native form and is intended for parenteral
use. In order to extend the vaccine’s shelf life, as well as
for storage and transportation convenience, a live freeze-
dried vaccine against DVH is currently being developed
in the institution.

The aim of this research was to study the pathogenesis
of DVH in experimental conditions, as well as to evaluate
the efficacy and safety of the live freeze-dried vaccine
against DVH.

MATERIALS AND METHODS

Tests to study the pathogenesis of duck virus hepa-
titis and the efficacy of the live freeze-dried vaccine
against duck virus hepatitis were carried out in the Labo-
ratory for Epizootology and Monitoring, the Center
for Preclinical Tests and the Experimental and Biologi-
cal Laboratory for Animal Studies (Animal Facility) of
the FGBI“ARRIAH" (Vladimir).

One-three-day-old ducklings hatched within labora-
tory conditions from eggs obtained from OAO Plempro-
duktor “Zelenchuksky” (Karachay-Cherkess Republic) and
showing anti-DVHV serum neutralizing antibody activity
not higher than 3.0 log,, were used for testing.

Embryonated duck eggs were delivered to the labora-
tory at day 8 of incubation. The embryonated eggs were
candled and quitters were discarded. Incubation was car-
ried out at (37 + 0.5) °C and a relative humidity of 80%
before the ducklings were hatched.

The ducklings were kept in groups in isolated spacious
cages with a mesh floor and individual lighting in a sepa-
rate room in the animal facility. The birds were provided
with water from automatic waterers, and were fed with dry
mixed feed twice a day.

All experiments were carried out in strict accordance
with the interstate standards for the maintenance and
providing care of laboratory animals adopted by the In-
terstate Council for Standardization, Metrology and Certi-
fication, as well as in accordance with the requirements of
the Directive of the European Parliament and Council of
the European Union 2010/63/EU of September 22, 2010
on protection of animals used for scientific purposes.

Experimental live freeze-dried vaccine against duck
virus hepatitis, Batch No. 010820, manufactured in
the Laboratory for Epizootology and Monitoring of the
FGBI“ARRIAH" according to standard procedure was used
for vaccination of ducklings. The vaccine was produced
based on duck hepatitis virus of the “VGNKI-K” production
strain, obtained from the State Collection of Strains and
Microorganisms of the FGBI“ARRIAH".

The ducklings were immunized at the age of 3 days. Be-
fore the vaccination procedure, a sterile saline solution was
added to the vial with a freeze-dried product up to the ini-
tial volume of 3 cm®. After resuspending, the vaccine was
combined with the required volume of sterile saline
solution at the rate of 100 cm? per 200 doses of vaccine.
The vaccine, previously diluted with sterile saline solu-
tion at 1:10, was inoculated once into the femoral muscle
group at 0.5 cm®.

Blood sampling was conducted on days 7, 14 and 21
post vaccination by total bleeding for determination of se-
rum antibody titer after vaccine administration. The titer
was determined using indirect (passive) hemagglutination
test (IHA test) in round-bottom plastic plates for serologi-
cal assays using a 1% suspension of rooster red blood cells.

To prepare the erythrocyte antigen, the virus-contai-
ning material was centrifuged, then the sedimental liquid
was mixed with a 1% suspension of rooster red blood cells
and this mixture was kept in the refrigerator at a tempera-
ture of +4 °C for 24 hours for virus adsorption on the sur-
face of erythrocytes.

After preparing all the necessary materials, double di-
lutions of the tested sera were made in round-bottomed
plastic plates and the prepared erythrocyte antigen was
added to the wells in equal volume. The test results were
read in 30 minutes. The test result was considered positive
in case of “umbrella formation” at the bottom of the well
(hemagglutination). The test result was negative if red
blood cells with adsorbed antigen sedimented to the bot-
tom of the well and formed a“button”.

To determine the safety of the live freeze-dried vaccine
against duck virus hepatitis, the birds received a tenfold
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Table 1
IHA antibody titre in sera of ducklings immunized with live
freeze-dried vaccine against duck virus hepatitis (n = 3)

Day post vaccination

IHA antibody titre, log,

0 1.80 +0.20
7 5.00+0.18
14 6.00 +0.40
21 5.60 +0.40

Table 2

Immunogenicity of live freeze-dried vaccine against duck virus hepatitis

Activity of duck hepatitis virus strain “Orekh’,
lgLD, /0.5 cm?

Number of ducklings that died/survived in the group

control experimental

2.0 10/10 210

vaccine dose. For that, a sterile saline solution was in-
troduced into the bottle with the freeze-dried vaccine
to the initial volume. After resuspending, the vaccine
was combined with the required volume of sterile saline
solution at the rate of 100 cm? per 200 doses of vaccine.
Undiluted vaccine (a tenfold dose) was administered
to ducklings once in the femoral muscle group in a volume
of 0.5 cm?. Ducklings were observed for 10 days.

To determine the immunogenicity of the live freeze-
dried vaccine against duck virus hepatitis, the birds were
infected with the control virulent“Orekh” strain of the duck
hepatitis virus, received from the State Collection of Strains
and Microorganisms of the FGBI “ARRIAH". During the ex-
periment, the ducklings were divided into experimental
and control groups (10 birds in each group) and kept
in isolated rooms. Three-day-old ducklings of the expe-
rimental group were immunized with a live freeze-dried
vaccine against duck virus hepatitis at a dose of 0.5 cm?.
The control group ducklings were not immunized. After
7 days, birds of both groups were infected intramuscularly
into the femoral muscle with the control virus strain “Orekh”

Fig. 1. Opisthotonus in ducklings that died after
experimental infection with the control “Orekh” strain

of duck hepatitis virus

with an activity of 2.01g LD, /0.5 cm®in a volume of 0.5 cm’.
The birds were observed for 7 days.

Pathological and anatomical samples were collected
from dead birds. The samples of internal organs were also
taken from the ducklings of other experimental groups
7 days after vaccination for comparative histological exa-
mination and studying the effect of a tenfold immunizing
dose on the body.

Histological examination was conducted on the basis
of the Center for Preclinical Tests of the FGBI “ARRIAH".

Organ samples were fixed in 10% neutral formalin solu-
tion.To prepare tissue sections, the material was processed
with the application of TLP-720 tissue processor (MtPoint™,
Russia) and embedded in paraffin using ESD-2800 tissue
embedding station (MtPoint™, Russia). Sections 5-8 um
thick were prepared at a rotary semi-automatic microtome
RMD-3000 (MtPoint™, Russia), stained with hematoxylin
and eosin using automatic linear stainer ALS-96 (MtPoint™,
Russia).

The sections were examined using a MIKMED-6 micro-
scope (AO “LOMO?, Russia), and E3ISPM camera (China)

WA

A

Fig. 2. Duckling that died after experimental infection
with the control “Orekh” strain of duck hepatitis virus
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Fig. 3. The liver of a duckling that died after experimental
infection with the control “Orekh” strain of duck hepatitis
virus: a — 100x magnification; b — 400x magnification

and ToupView software (China) with 100x and 400x mag-
nification were used for measurements and photographic
documentation. A measuring scale of the camera was cali-
brated using OMP object micrometre for transmitted light
(AO“LOMO’, Russia).

RESULTS AND DISCUSSION

The test results for sera collected from vaccinated duck-
lings are presented in Table 1.

As it can be seen from the presented data, the experi-
mental vaccine induced antibody-mediated immune re-
sponse. Thus, the IHA antibody titer was (5.00 + 0.18) log,
a week after vaccination. It reached the highest value
of 6.0 log, on day 14 afterimmunization and insignificantly
decreased up to 0.4 log, by day 21.

For the vaccine safety test, the birds were inoculated
with a tenfold dose of the vaccine. During the 10-day
observation period all ducklings remained alive and
demonstrated no disease clinical signs. The necrop-
sy did not reveal visible pathological and anatomical
changes in the internal organs. This indicates that vac-
cination with increased vaccine doses does not have
a harmful effect on ducklings and displays safety of
the vaccine.

When the test for determination of the vaccine immu-
nogenicity after infection of experimental and control
group ducklings with the control pathogenic virus strain

Fig. 4. Cloacal bursa of a duckling that died after
experimental infection with the control “Orekh” strain
of duck hepatitis virus: a — 40x magnification;

b and c - 100x magnification

was conducted, the birds were monitored for 7 days. At
the same time, the above-described clinical manifesta-
tions of the disease were noted, their development sub-
sequently resulted in death.

As it can be seen from the results presented in Table 2,
the experimental freeze-dried vaccine protected 80%
of vaccinated ducklings from the disease in case of infec-
tion with the control virus strain “Orekh” with an activity
of 2.0 Ig LD, /0.5 cm’. All ducklings of the control group
had typical clinical signs of the disease and died.
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Fig. 5. Cloacal bursa of a vaccinated duckling after
experimental infection with the control “Orekh” strain
of duck hepatitis virus (40x magnification)

Thus, the post-vaccination antibody titre of 5.0 log, pro-
tects 80% of ducklings from infection with a virulent strain
of hepatitis virus.

Typical clinical signs were observed in non-vaccinated
ducklings of the control group when the experiment aimed
at studying pathogenesis of duck virus hepatitis after in-
fection with the control pathogenic strain“Orekh”was con-
ducted.The disease started acutely and progressed rapidly.
In 24-48 hours after infection, with no change in feed and
water consumption, the ducklings fell on their side or back,
stretched their legs along the body, threw their heads
back, which may be indicative for body intoxication due
to the pathogenic effect of the virus on the liver and mani-
festation of a symptom complex in central nervous system
damage. One - three hours after manifestation of clinical
signs, ducklings died displaying opisthotonus (Fig. 1).

Visual examination of dead ducklings showed that they
were well developed for their age. During the necropsy,
the most typical and consistent of the detected disease
signs were lesions in the liver that was enlarged, had
a changed (yellowish-clay) color, was flabby and easily rup-
tured when pressed. Small point and spotty hemorrhages
were observed on the surface and in the liver parenchy-
ma (Fig. 2). A slight enlargement of the spleen and swelling
of the pancreatic tissue were detected.

Histological examination of the liver of dead duck-
lings revealed diffuse hemorrhages; affected hepatic lob-
ule structure; large-drop fatty dystrophy; macrophages,
phagocyting apoptotic hepatocytes; hyperemia of blood
vessels and sinusoidal capillaries; necrosis of some hepato-
cytes; hemosiderin inclusions (Fig. 3). Congestive hypere-
mia and edema were observed in the pancreas.

Total lymphocyte depopulation was detected in
the bursa; thinning of the folds; necrosis of the epitheli-
um of the folds; proliferation of interpholycular connective
tissue; exudate in the lumen between the folds; swelling of
the interstitial tissue; the boundaries between the cortical
and cerebral substance were indistinguishable (Fig. 4).

Histological examination of cloacal bursa from vacci-
nated ducklings (after infection) showed its typical folli-
cular structure with well-developed interfollicular stro-
mal septa, corticular and cerebral zones (Fig. 5). The folds
were well pronounced, numerous clusters of small and

Fig. 6. Thymus of a duckling that died after experimental
infection with the control “Orekh” strain of duck hepatitis
virus: a and b — 100x magnification; c — 400x magnification

medium-sized lymphocytes were detected in the cortex.
The delymphatization of the medulla was noted, which
may be associated with immunocompetent responses
to vaccination and subsequent infection. In some cases,
the boundaries between the cortical and cerebral layer of
the follicles became indistinguishable.

Histological examination of the thymus from dead
ducklings revealed that the boundaries between
the cortical and cerebral substance were not pro-
nounced, the thymocytes were scattered. The forma-
tion of Ghassal bodies was noted in the medulla (Fig. 6).
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Fig. 7. Thymus of a vaccinated duckling after experimental
infection with the control “Orekh” strain of duck hepatitis
virus (40x magnification)

On the contrary, no deviations from the norm were ob-
served in the thymus of vaccinated ducklings after in-
fection, while the boundaries between the cortical and
cerebral substance of the gland were well pronounced,
the area of the cortical substance prevailed over the ce-
rebral one (Fig. 7).

The examination of the third eyelid gland in ducklings
infected with the pathogenic strain revealed atrophy
and cell depopulation (Fig. 8, 9).

The necropsy results indicate that the duck hepatitis
virus has a pathogenic effect not only on digestive organs,
primarily the liver, but also causes degenerative changes
in the central and peripheral organs of the immune sys-
tem: in the cloacal bursa, thymus and third eyelid gland,
which may be manifested as a deficiency of the B- and
T-cell immunity response and requires additional studies.

CONCLUSION

The conducted studies showed that live freeze-dried
vaccine against duck virus hepatitis is safe for ducklings
when administered in a tenfold dose and it induces pro-
tection from infection with a control virulent strain of
the hepatitis virus.

Non-vaccinated poultry infected with the control
virulent duck hepatitis virus demonstrate characteristic
clinical signs, and pathologic anatomical changes found
in the organs of dead birds are typical of acute duck hepa-
titis infection.

The study of pathomorphological changes in the or-
gans of ducklings after infection with the hepatitis virus
showed the virus's pathogenic effect on liver tissues and
organs of theimmune system, in particular on the thymus,
cloacal bursa and third eyelid gland, which was demon-
strated by accidental involution of the thymus and de-
population of lymphocytes in the cloacal bursa and third
eyelid gland.
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