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Abstract

Duck plague is recognised chiefly as a devastating disease of domestic ducks. Muscovy ducks are also susceptible, but
fewer studies of the disease have been conducted in this host. Domestic Pekin ducks and Muscovy ducks were experimen-
tally infected with a virulent strain of duck plague herpesvirus isolated in Vietnam. Clinical signs, and gross and microscopic
lesions, were similar in both Pekin and Muscovy ducks. Diarrhoea and laboured breathing were common signs in Muscovy
ducks, but paralysis and subcutaneous oedema of the head were rare. Changes in the oesophageal mucosa of Muscovy ducks
were not as severe as in Pekin ducks. Cloacal haemorrhage was severe in Muscovy ducks.

Tém tit

Dich t& vit dugc thira nhan 1a mdt bénh giy chét hang loat & cdc loai vit nudi. Vit xiém ciing min cdm vdi bénh,
nhung bénh dich t4 vit (DTV) it dugc nghién ctu & loai vat chli nay. Vit va vit xiém dugc gy nghiém thyc nghiém véi
mdt chling virdt DTV phén 1ap & tinh Can Tho. Céc triéu ching 1dm sang va bénh tich dai thé ciing nhu vi thé gidng
nhau & vit va vit xiém. Tiéu chdy va khé thd 13 nhitng triéu chitng thudng thiy & vit xiém, nhung liét va phi ddu it khi
xuat hién. Bi€n d8i ¢ niém mac thuc quan vit xiém khong nghiém trong biing & vit. Mic d6 xudt huyét § & nhdp vit
xi€ém la nghi€ém trong.

Introduction Kim Van Phuc, 1998, 1999; Nguyen Duc Hien,
1997). Duck plague has been recorded in geese (Le
Duck plague or duck virus enteritis is an acute and Hong Phong et al, 1986). However, information on
highly contagious infection caused by duck plague duck plague in Muscovy ducks (Cairina moschata)
herpesvirus or Anatid herpesvirus in a variety of  is not readily available. The results of outbreak
domestic and wild aquatic birds of the family investigation during 2002 conducted by the Depart-
Anatidae of the order Anseriformes. ment of Animal Health of Can Tho Province showed
The disease has been recognised in many flocks of that up to 15% of Muscovy ducks of the province
domestic ducks all over Vietnam. There have been were suspected of being infected with duck plague.
several studies on the disease and its control To improve the diagnosis, we have conducted exper-
measures (Vu Dinh Tieu and Mai Anh, 1969; Tran imental infection of Muscovy ducks to observe some
Minh Chau, 1980; Pham Thi Lan Thu and Than Thi pathological characteristics. This report provides
Hanh, 1989; Tran Dinh Tu, 1995; Tran Dinh Tu and results recorded from the above experiment.
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Materials and methods
Virus strain for challenge

The virus strain was isolated from a duck plague
outbreak occuring in field rice scavenging ducks in
O Mon district, Can Tho province in May 2002. The
identity of the isolate was confirmed by duck plague
antigen ELISA (Ag-ELISA). The virus strain was
maintained in susceptible 6-week-old ducks. Liver
and spleen from ducks showing typical signs and
lesions of duck plague were collected and stored
at —20°C until further use.

Preparation of inoculum

Samples of liver and spleen were thoroughly washed
with PBS containing antibiotics. The samples were
then ground into a 20% suspension (weight/volume)
in PBS solution containing Penicillin 200 IU/mL and
Streptomycin 200 pg/mL. This suspension was
diluted at 10~ for use as an inoculum.

Pekin ducks and Muscovy ducks

White (Pekin) ducks and Muscovy ducks of local
breed with dark-green feathers were hatched at Soha-
farm Incubator from eggs purchased from local
farmers. One-day-old ducklings were incubated in
cages for 2 weeks and then transferred to a husked-
floor, net-partitioned enclosure with playing ground
and pool.

Prior to challenge, ducks were examined and
found to be negative for DP ELISA antibodies. The
experimental challenge was conducted at the Experi-
mental Farm of the Department of Animal Health of
Can Tho Province in O Mon District.

Muscovy ducks were challenged at 6 weeks and
10 weeks old. Each group comprised 10 birds. Five
birds in a negative control group were inoculated with
PBS. To ensure the disease was caused by duck
plague virus, 10 white (Pekin) ducklings for challenge
were raised simultaneously with Muscovy ducks.
Five of the Pekin ducklings were vaccinated with
duck plague vaccine 2 weeks prior to the challenge
trial. Each duckling was inoculated with 1 ml of liver-
spleen suspension containing virus at the dilution rate
of 10~*. Each ml of liver-spleen suspension contained
about 103 DLDsy (previously determined in a
different experiment).

After challenge, ducklings were observed twice
daily for 14 days (at 0700 hours and 1500 hours) to
record any clinical signs. A necropsy was conducted
on the dead birds. Typical signs and lesions were
photographed with a digital camera.
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Light microscopy and electron microscopy
techniques

After necropsy of the dead birds and observation of
gross lesions, 5-10 g of oesophagus tissue, proven-
triculus, small intestine, rectum, anus, liver and
spleen were taken, thoroughly washed with PBS and
soaked in a fixing solution for the following
purposes:

1. Microscopic preparations were stained at the
Pathological Operations Department, Tu Du
Hospital. After being taken out of the fixing
solution, the sample was processed by routine
paraffin-embedding techniques. The sample was
cut by Microtome into slices of 4-5 pm thick-
ness, then stained with Haematoxylin and Eosine
(H and E). The sections were read and photo-
graphed at the Pathology—Infection Section,
Faculty of Animal Husbandry and Veterinary
Medicine, The HCMC University of Agriculture
and Forestry. Microscopic lesions were observed
at magnifications of 100%, 400x and 1000x to
identify inclusion bodies in the cell nucleus. The
severity of lesions was divided into 5 levels:
0 (normal), 1 (mild), 2 (average), 3 (severe) and
4 (extremely severe).

Electromicroscopic preparations were made,
photographed and the results read in the electron
microscope room of the Central Institute of
Hygiene and Epidemiology, Ha Noi.

ELISA techniques

The DP antibody ELISA (Ab-ELISA) and Ag-ELISA
were applied to identify antibodies present in the
serum before the experiment and DP antigen in the
liver of ducks which died after challenge, respec-
tively. These techniques were studied and developed
by the Australian Animal Health Laboratory
(AAHL), then transferred to NAVETCO. After stand-
ardisation of these techniques to suit the conditions in
Vietnam, ELISA techniques were further transferred
to Can Tho Animal Health Department through
ACIAR/AusAID projects’ training courses on
advanced laboratory diagnostic methods.

Results and discussion
Clinical signs and DP lesions in Muscovy ducks

To study the pathological characteristics of duck
plague in Muscovy ducks, we used a local virulent
virus strain isolated from a duck plague outbreak in
scavenging ducks in O Mon District, Can Tho
Province.

The experimental challenge was conducted in
6-week-old and 10-week-old Muscovy ducks with a
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Table 1. Results of experimental challenge with duck plague virus.

Duck breed Age No. of  Challenge inoculum Mortality rate No. of days that
(weeks) ducks (%) birds died
6 10 Duck plague virus 100 4-5
Muscovy 10 10 Duck plague virus 100 3-5
6 5 PBS 0 0
. . 10 5 Duck plague virus 100 4-5
White (Pekin) ducks 10 5 Vaccine + duck plague challenge virus 0 0

1 mL dose of liver—spleen suspension diluted in PBS
at the dilution rate 10~ (about 103 DLDsg) together
with 5 white ducks vaccinated with DP vaccine
2 weeks ago and 5 unvaccinated white ducks, which
served as a positive control group. Five Muscovy
ducks injected with PBS only served as a negative
control group (placebo). The results of the experi-
ment are shown in Table 1.

The data in Table 1 indicate that the virus strain
isolated from the outbreak caused experimental duck
plague in Muscovy ducks. The mortality rate in this
experiment was 100%.

On the second day of challenge, ducks showed
signs of tiredness, poor appetite, diarrhoea and
failure to move. Other common typical signs of duck
plague were at lower frequency in Muscovy ducks.
Some of the clinical signs and their frequency of
appearance in experimentally infected Muscovy
ducks are shown in Table 2.

Table 2. Duck plague signs observed in Muscovy ducks.

Signs Frequency (%)
6-week-old 10-week-old
Muscovy ducks Muscovy ducks

Diarrhoea 100 100
Poor appetite 100 100
Extreme thirst 100 100
Exhaustion 80 100
Difficulty breathing 60 70
Wing paralysis 20 30
Leg paralysis 10 20
Swollen head 10 20
Minor head swelling 10 10
Lachrimation 20 20
Nasal mucus discharge 10 20

In addition to signs of the digestive and respira-
tory tracts, signs of oedema and nervous disorder
were at a lower rate. This was probably due to the
short period of disease development (acute form).
The ducks that died were necropsied to determine the
observed lesions (Table 3).
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Generally speaking, duck plague lesions in
Muscovy ducks are similar to those in Pekin ducks
with major signs of haemorrhage and necrosis in the
digestive tract. Most ducks that died after being chal-
lenged had haemorrhagic and necrotic lesions in the
oesophagus (Figure 1), intestine, rectum and cloaca
(Figure 2).

Some Muscovy ducks had inflammation and
ulcers with pseudo-membrane on the longitudinal
fold of the oesophagus or cloaca and a reddened ring
on the intestinal mucosal surface. However, the
apparent frequency of these duck plague lesions in
Muscovy ducks is lower than in Pekin ducks.

Studies on microscopic and ultrastructural lesions
caused by duck plague virus in Muscovy ducks

The examination of microscopic specimens made
from 8 body parts of Muscovy ducks that died on
day 5 after experimental challenge with duck plague
virus showed that the common microscopic lesions
observed were hyperaemia, haemorrhage, inflamma-
tion, necrosis and detachment of epithelial cells. The
severity of pathological changes depended on the
organ and location where specimens were taken, as
shown in Table 4.

As expected from the gross lesions described
above, lesions of haemorrhage and hyperaemia were
present in almost all visceral organs. Inflammation
and necrosis were seen in the trachea, oesophagus,
intestine, cloaca and liver. Microscopic lesions in
some organs were as follows:

Oesophagus and trachea. The blood vessels in the
mucous membranes of the oesophagus showed
hyperaemia and severe haemorrhage. There were
many foci of red blood cells on the surface of the
epithelium and in the mucous membranes. The
trachea showed detachment of epithelium and
haemorrhage, but these lesions were not as severe as
in white ducks.

Small and large intestines. Hyperaemia was observed
in all layers of both the large and small intestines
from the mucous membrane to the intestinal muscle.
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Figure 1. Caseous material and haemorrhage along the longitudinal folds of the oesophagus of a Muscovy duck with duck
plague.

Table 3. Duck plague lesions observed in Muscovy ducks.

Lesion type

Frequency (%)

6-week-old Muscovy ducks  10-week-old Muscovy ducks

Haemorrhagic oesophagus, covered with pseudo-membrane
Haemorrhagic proventriculus

Haemorrhagic gizzard

Haemorrhagic intestine

Haemorrhagic, inflammatory rectum

Haemorrhagic cloaca, covered with pseudo-membrane
Haemorrhagic, necrotic liver

Spleen hyperaemia

Haemorrhagic trachea

Congested lung

Chest cavity with fluid

Haemorrhagic heart membrane, muscle

Haemorrhagic cardiac coronary fat

Hemorrhagic kidney

Haemorrhagic, congested testes or ovaries
Haemorrhagic pharynx

Haemorrhagic conjunctiva

Head subcutaneous mucus

70 60
90 70
70 100
100 100
70 100
70 80
100 100
100 90
40 30
60 60
10 10
80 90
10 10
60 40
60 60
10 10
10 30
20 30

Petechial haemorrhages were commonly seen in the
mucous membrane.

Cloaca. The mucous membrane of the anus was
haemorrhagic. The haemorrhage obscured histo-
logical structures of the cloaca. This indicates that
the cloaca is an important organ in the diagnosis of
duck plague in Muscovy ducks.
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Liver and spleen. Hyperaemia and haemorrhage
were prominent in all lobes of the liver. The hepatic
parenchyma showed coagulative necrosis and fat was
severely degenerated. Muscovy liver is a target organ
of duck plague virus.

Splenic parenchyma was also badly damaged with
hyperaemia and haemorrhage. The lymphoid follicles
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were also degenerated. This indicates that the spleen
is also a target organ of duck plague virus.

Inclusion bodies. Intra-nuclear inclusion bodies were
commonly seen in the epithelium of anal and
oesophageal mucosa.

Electron microscopy. Ultrastructural studies were
undertaken on the oesophagus. Herpesvirus particles

were observed in the nucleus and in the cytoplasm,
with enveloped particles measuring 180-200 nm.

Conclusion

In summary, the gross and microscopic pathological
signs in the visceral organs of Muscovy ducks
affected by duck plague were similar to those in Pekin
ducks infected with the virus. However, the severity

Table 4. Microscopic lesions in the visceral organs of Muscovy ducks that died of experimental duck plague on day 5.

Organs Lesion type
Hyperaemia  Haemorrhage Inflammation Necrosis Other
Trachea 1-32 1-3 1 0 2
(detachment of epithelium)
Oesophagus 2-3 2-3 0 2
Proventriculus 2-4 2-4 0 0 0
Gizzard 2-4 2-4 0 0 2
(epithelium desquamated)
Intestine 1-3 1-3 1-3 2-3 0
Cloaca 4 4 3 3 0
Liver 2-4 2-4 0 1-4 2-3
(fat degenerated)
Spleen 2-4 34 0 0 3 (damaged parenchyma)

3 (damaged lymphoid follicles)

aSeverity of lesion: 0 = normal, 1 = mild, 2 = average , 3 = severe, 4 = extremely severe.

Y

’

T [EM . 22.02,03

-~ ~ -l
Thic "T’ng/ . Htaw mon

Figure 2. Haemorrhage of the cloaca in a Muscovy duck infected with duck plague virus.
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of changes in the oesophageal mucosa of Muscovy
ducks was not as severe as in Pekin ducks. Lesions
such as hyperaemia, haemorrhage, inflammation and
necrosis occurred mainly in the mucous membranes
of the digestive tract, and the liver and spleen.

Clinical signs of diarrhoea and difficult breathing
were common in Muscovy ducks, but paralysis and
head subcutaneous oedema were rare.
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Adaptation of duck plague virus to chicken embryo
fibroblast cell culture for vaccine production
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Abstract

A Chinese strain of duck plague virus, adapted to growth in embryonated duck eggs, has been used for two decades to
produce vaccine in Vietnam. A project funded by the Australian Centre for International Agricultural Research sought to
produce an improved vaccine. The seed virus strain underwent 15 serial passages in embryonated chicken eggs, and 12 pas-
sages in chicken embryo fibroblast cell cultures. Adaptation to chicken embryos was indicated by decreased survival time of
the embryos and increased titres of virus in allantoic fluid. Adaptation to chicken fibroblasts was indicated by more rapid
production of cytopathic changes and increased titres of virus in culture supernatants. The subsequent (13) passage was
stored as a master seed and a pilot vaccine was produced. This vaccine was shown to be safe in ducklings and to protect
against challenge with virulent duck plague virus. The new vaccine was more potent than the previous duck embryo vaccine
and will be cheaper to produce.

T6m T4t

Virit dich t3 vit (DTV) ,chiing Trung quéc thich tng phat trién trén phdi vit, dd dudgc sit dung trong hai thip nién vira
qua d€ sin xudt vicxin & Viét nam. Chuong trinh hgp tdc nghién ctu DTV dudc tai trg bi Trung tim Nghién cttu Nong
nghiép Qudc t€ Uc (ACIAR) di c6 ging cii ti€n vicxin nay. Ching virdt vicxin di dudc cdy truyén 15 ddi trén phoi
triing g va 12 ddi ti€p theo trén moi trudng t&” bao xd phodi ga. Sy thich ¢¥ng clia virdt vao phdi g duge chi rd bdi rit
ngdn thdi gian s6ng clia phoi va ting hiéu gid virdt trong nudc tritng. Sy thich ¢ng trén t&€ bao xd phdi ga thé hién bing
riit ngén thdi gian tao bi€n ddi bénh 1y t&€ bao (CPE) va ting hiéu gid virtt & dich nudi ciy t€ bao. DJi ti&p truyén thi
13 dugc giit lai lam gidng gdc v mot 16 vicxin thi nghiém dugc thyc hién. L6 vicxin nay dugc chitng minh 14 an toan
va bdo vé dugc vit con khi cong cudng ddc véi virdt ddc lyc cao. Vicxin méi nay c6 hiéu lyc, an toan va ré hon so véi
vicxin trude day duge sdn xuit trén phdi triing vit.

Introduction characterised and vaccine production was not based

on a seedlot system. Growth in embryonated duck

THE National Veterinary Company (NAVETCO) of eggs was recognised to pose some risk of transfer of
Vietnam has been producing a live duck plague agents pathogenic for ducks. As part of a project
vaccine in embryonating duck eggs for more than funded by the Australian Centre for International
20 years. The vaccine strain is an old isolate from Agricultural Research (ACIAR) an improved vac-
China. The vaccine strain has not been well cine was developed. The Chinese vaccine strain was

53

Control of Newcastle disease and duck plague in village poultry
Edited by Joanne Meers, Peter B. Spradbrow and Tran Dinh Tu
ACIAR Proceedings No. 117
(printed version published in 2004)



shown to protect against current Vietnamese isolates
of duck plague virus, and it was adapted to growth in
chick embryo cell cultures. The latter study is
described below.

Materials and methods

Vaccine virus The (unnamed) vaccine strain of duck
plague virus was obtained from China in the 1970s
and had been maintained by serial passage in emb-
ryonated duck eggs since then. Safety tests con-
ducted on each batch of vaccine indicated that the
virus was not pathogenic for ducklings.

Virulent challenge virus The challenge virus was
isolated in North Vietnam in 1969. It had been main-
tained since then by serial passage in ducks. Efficacy
tests on each batch of vaccine indicated that the
Chinese vaccine strain was efficacious against this
challenge strain.

Chicken embryonated eggs Embryonated eggs were
obtained from a commercial chicken flock.

Chicken embryo fibroblast monolayers Chicken
embryo fibroblasts were obtained by trypsinisation
of 10-day-old embryos. Cultures were grown in
plastic flasks in medium consisting of minimum
essential medium (MEM) with 10% foetal calf serum
(FCS) and antibiotics. Confluent monolayers were
maintained in MEM with 2% FCS and antibiotics.

Ducklings One-day-old ducklings were obtained
from a commercial hatchery and reared in isolation
until 3 weeks of age.

Adaptation The methods for adaptation of the
vaccine strain were based on those described by
Bordolai et al. (1994), Dardiri (1969), Kalaimathi
and Janakiram (1989) and Tantaswasdi (1987). The
Chinese vaccine virus was adapted to growth in
embryonated chicken eggs, and then to growth in
cultured chicken embryo fibroblasts (CEF). Vaccine
master seed was produced from CEF-adapted virus
and tested for safety and efficacy.

Adaptation to embryonated chicken eggs Reconsti-
tuted vaccine was diluted with an equal volume of
Hank’s balanced salt solution (HBSS) and inoculated
into the allantoic cavity of 10-day-old embryonated
chicken eggs. Fifteen serial passages were per-
formed. Allantoic fluid at each passage level was
tested for the presence of DP virus by antigen cap-
ture ELISA (Dang Hung et al., 2004) and PCR (Kim
Van Phuc et al., 2004). At passage levels 5, 7, 11, 13
and 15 the viral content was titrated in embryonated
chicken eggs and expressed as 50% egg infectious
doses (EIDsp).

Allantoic fluid from the 15th passage was tested
for safety and efficacy. Five 2-month-old ducklings
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were inoculated subcutaneously with undiluted allan-
toic fluid. Two weeks later these ducklings, and
5 uninoculated control ducklings, were challenged
by intramuscular injection of 1053 50% lethal doses
(LDsy) of challenge virus.

Adaptation to CEF Allantoic fluid from the 15th
passage in embryonated chicken eggs was diluted
1 in 10 in HBSS and used to inoculate confluent cul-
tures of CEF. Twelve serial passages were made.
The presence of duck plague virus was confirmed at
each passage by antigen capture ELISA. Viral titres
were determined at passage levels 5, 7, 9, 11 and
12 in CEF cultures and expressed as 50% cell cul-
ture infectious doses (CCIDsy).

Preparation of a master seed and experimental
vaccine Master seed was prepared from the subse-
quent (13th) passage in CEF cultures. The infected
cell culture fluid was stored at —80°C. Portions were
thawed and one was titrated as 1072 CCIDso/ml in
CEFs. Another was diluted from 10~ to 1073 in
HBSS (equivalent to 100, 10 and one doses) and
each dilution was injected subcutaneously into
5 ducklings, which were 3 weeks old. Another
5 ducklings were maintained as controls. Two weeks
later, all ducklings were challenged by intramuscular
injection of 1055 LDsq of virulent challenge virus.

Master seed was diluted 102 in HBSS and used to
infect CEF monolayers to produce experimental vac-
cine (passage 14). Cell culture fluid was harvested
after freezing and thawing, mixed with an equal
volume of 10% skim milk and freeze dried. Vaccine
was reconstituted and titrated in CEF cultures. A
potency test was conducted. Three-week-old duck-
lings, 10 per group, were vaccinated by subcutaneous
injection of vaccine dilutions ranging from 1072 to
10-°. Ten ducklings in a ninth group were not vacci-
nated. Two weeks later all ducklings were challenged
by intramuscular injection with 1055 LDs of virulent
virus.

Results
Adaptation to embryonated chicken eggs

The Chinese vaccine strain was passaged 15 times in
chicken embryos. During the first 4 passages (CE;-
CE,), the virus killed chicken embryos at 5-8 days
post inoculation and the lesions were slight haemor-
rhages on the head, wings and legs. From the 11th
passage (CE;;) onwards, the time to kill the embryos
shortened to 4-5 days after inoculation, with specific
duck plague lesions presenting as petechial haemorr-
hages on the whole body, and necrosis on the liver.
The virus titres increased gradually. Duck plague
virus was detected by antigen ELISA and PCR at
each passage. The results are shown in Table 1.
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Table 1. Effect of serial passage of duck plague vaccine
strain in chicken embryos on the death time of embryos and
virus titre.

Passage Time to death Antigen PCR Titre
level of embryos  ELISA (EID5¢/ml)
(days)
CEs 5-7 + + 1032
CE; 4-7 + + 10°3
CEpy 4-5 + + 1058
CE13 4-5 + + 1062
CEi5 4-5 + + 1005

Immune response to chick embryo adapted virus

The duck plague vaccine at the 15th passage in chick
embryos was tested for immunogenicity in ducks.
Five control ducks died from the 3rd to 5th day with
typical duck plague lesions after challenge. The five
vaccinated ducks remained healthy and showed no
signs of duck plague. The survivors developed duck
plague antibody which was detected by duck plague
indirect antibody ELISA at titres of 3200 to 6400.

Adaptation in chicken embryo fibroblast (CEF)

There was no clear cytopathic effect (CPE) in CEF
cell culture up to the 3rd passage (CEF3). From the
4th to 7th passage (CEF4-CEF;) CPE was observed
after 72 hours and from CEFg to CEF,,, CPE was
observed after 48 hours with typical duck plague
virus CPE. The changes observed were the formation
of syncytia, enlarged cells and cell death. The virus
titres increased gradually from CEFs to CEF,.
Results are shown in Table 2.

Table 2. Serial passage of chicken embryo adapted duck
plague vaccine in chick embryo fibroblasts (CEF).

Passage in CPE  Time Antigen PCR  Titre
CEF CPE ELISA (CCIDsof
observed (0.D.4s0) 0.1 ml)
(hours)

CEF, - 120 0.967-1.047 + nd
CEF, + 96 1.074-1.075 + nd
CEF;-CEF, + 72 1.134-1.139 + nd
CEFs + 72 1.140-1.145 + 1032
CEF, + 72 1.186-1.158 + 1057
CEFy + 48 1.194-1.198 + 1002
CEF, + 48  1.195-1.196 + 1007
CEF, + 48 1.163-1.277 + 1008

Results of safety and potency testing of master
seed virus

The titre of the master seed was 1072 CCIDsp/ml.
During 2 weeks of observation, the duck groups
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vaccinated with 100 doses, 10 doses and 1 dose of
master seed, all ducks looked active and were eating
and drinking well, with smooth feathers and no diar-
rhoea. After challenge with 1053 LDsy of virulent
duck plague virus, the vaccinated duck groups
remained healthy and showed no clincal signs of
duck plague. Results are shown in Table 3.

Table 3. Results of safety and potency testing of master
seed virus.

No. of survivors/
No. of challenged ducks

Dose of master seed
(virus dilution)

100 doses (10-1) 4/5%
10 doses (1072) 5/5
1 dose (10-3) 5/5
Control (0) 0/5

*One duck in this group died during transportation. At
necropsy, there were no lesions of duck plague.

Results of quality testing of the new duck plague
freeze-dried vaccine

The vaccine before freeze-drying contained 1072
CCIDsg/ml and reconstituted vaccine after freeze-
drying contained 10%7 CCIDs¢/ml. Two weeks after
challenge, the control group and vaccinated group at
1079 dilution all died with typical duck plague lesions.
The vaccinated groups from 1072 to 10-¢ dilutions
remained healthy and were 100% ELISA antibody
positive. At the dilution 107, only 1 duck was ELISA
positive and 5 ducks were protected against challenge
even though 4 of these were completely ELISA neg-
ative. At the 1078 dilution, 1 duck was ELISA positive
and this duck was protected. The results are shown in
Table 4. The vaccine was calculated to contain 107!
50% protective doses (PDsg) per ml.

Table 4. Response of ducklings to various doses of cell
culture adapted duck plague vaccine.

Vaccine dilution No. of ELISA  No. of survivors/
antibody No. of challenged
positive ducks/ ducks?
No. ducks in group
102 10/10 10/10
1073 9/9 9/9
10 10/10 10/10
10-3 10/10 10/10
106 10/10 10/10
107 1/10 5/10
10-8 1/10 1/10
10 0/10 0/10
Control 0/10 0/10

2Ducks were challenged with virulent duck plague virus
2 weeks after vaccination.
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Discussion

The original Chinese strain of duck plague herpes-
virus underwent biological changes as it adapted to
replication in embryonated chicken eggs and in the
CEF cultures. With serial passage the survival time
of embryos and the time taken to produce visible
CPE was reduced. In both systems the yield of virus
increased with increasing levels of passage.

The vaccine remained safe and efficacious. Duck-
lings receiving even 100 times the normal vaccine
dose remained clinically normal, indicating a large
margin of safety with this vaccine. Vaccinated duck-
lings were protected against the standard, virulent
challenge virus and this encouraged further trials of
the vaccine in the field.

With lower doses of the vaccine, some ducklings
that had produced no antibodies detectable by
ELISA were resistant to challenge with virulent duck
plague herpesvirus. Similar observations have been
made by Tantaswasdi (1987), who suggested that
some other immune mechanisms might be involved.
Cell-mediated immunity can be suggested. This is a
characteristic of resistance to herpesvirus infections
suggested by Toth (1970) and Dardiri (1975).

The new cell culture vaccine contained
107! PDsy/ml, 10 times greater than the value for
the original duck egg vaccine (109! PDsy/ml). This
increased potency is an added advantage of the new
vaccine. Potentially the new vaccine will also be
safer, as the possibility of transmitting pathogens
that may be present in duck eggs is eliminated.
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Conclusion

Through 15 serial passages in chicken embryo (CE)
and 12 passages in chicken embryo fibroblasts
(CEF), the vaccine strain has been completely
adapted to chicken cell cultures. The pilot batch of
vaccine has been produced and tested for sterility,
safety and potency. The results showed that the new
vaccine is safe and potent.
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Laboratory trials of a new duck plague vaccine produced in
chicken embryo fibroblast cell cultures
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Abstract

A series of laboratory trials was conducted to determine the efficacy, safety and stability of a new cell culture adapted
vaccine for duck plague. The vaccine induced full protection against challenge with virulent duck plague virus in 3- to
4-week-old ducks. The mean protective titre of the vaccine was approximately 107 DPDsy/ml and it was decided that a rec-
ommended dose should contain 10° DPDs. The protection against virulent challenge induced by a single recommended dose
of vaccine lasted at least 6 months after vaccination. The vaccine was completely safe in experimental ducks. Ducks that
received 10 or 100 times the recommended dose showed no clinical signs. Freeze-dried vaccine retained its efficacy for at
least 9 months when stored at 2—-8°C and for 120 hours when stored at room temperature (25-35°C), despite some loss of
infectivity titre at both temperatures. Reconstituted vaccine retained its efficacy for up to 10 hours when stored in an icebox
(0—4°C) or at room temperature.

Tém tdt

Mot loat thi¥ nghiém trong diéu kién phong thi nghiém dugc thuc hién d€ xdc dinh d6 an toan, hiéu luc va tinh bén
vitng ctia vicxin dich t vit (DTV) thich ung trén moi trudng t&€ bao. Vicxin di tao dugc sy bdo hd hoan toan chdng lai
virdt cudng déc khi tiém chiing cho vit 3-4 tudn tudi. Liéu bdo ho trung binh clia vicxin tuong dudng 107 DPDsy/ml va
mot 1éu vicxin duge d€ nghi chia it nhat 103 DPDsy. Sy bdo hd tao ra b&i mot lidu vicxin kéo dai it nhat 6 thdng sau
tiém chiing. VAcxin rat an toin & vit thi nghiém. Vit sau khi dugc tiém chiing 10 hodc 100 liéu vicxin déu khdng cé bat
ky d&u hié¢u 1am sang ndo. Vicxin dong kho gilf nguyén hi¢u Iyc it nha't 9 thang khi bdo quin & 2-8° C va trong 120 gid
khi bdo quan & nhiét d6 phong (25-35° C), dui riing hiéu gid virit c6 gidm chit it & ca hai diéu kién bido quan. Vicxin
sau khi pha 18dng van duy tri hiéu luc khi dugc bdo quin & trong thiing lanh hoic nhiét 6 phong t6i 10 gid.

Introduction tecting ducks throughout Vietnam from duck plague.

However, obtaining duck eggs of a quality sufficient

Duck plague is a highly contagious disease of for vaccine production is difficult. Furthermore, the
anseriform birds which causes significant economic use of embryonated duck eggs may pose a risk of
loss to producers in Vietnam. It can be controlled by transmission of pathogenic agents. To overcome
vaccination (Tran Minh Chau, 1980). The vaccine these problems, the Australian Centre for
currently produced by the National Veterinary International Agricultural Research funded a colla-
Company (NAVETCO) is cultured in embryonated borative project involving NAVETCO researchers
duck eggs and has been shown to be effective in pro- and Australian scientists to develop a new vaccine
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adapted to growth in chicken embryo cell cultures
(Nguyen Thi Kim Dinh et al., 2004).

The objectives of the work reported here were to
test the safety and efficacy of the vaccine, to determine
the duration of immunity and to test the stability of
the vaccine under various storage conditions.

Materials and methods
Vaccine trials

Two batches of cell-culture adapted duck plague
vaccine (lots 110899 and 230500) were used in the
trials. Ducks were obtained from a commercial
hatchery at 1-day of age and raised in isolation until
3—4 weeks of age. The duck plague antigen-capture
ELISA and the duck plague antibody ELISA were
performed as described by Morrissy et al. (2004),
with reagents supplied by the Australian Animal
Health Laboratory, Geelong, Australia.

Trial 1: Protective dose. To determine the 50% duck
protective dose (DPDsp), vials from 2 vaccine
batches were reconstituted and diluted from 107! to
1070 in sterile phosphate buffered saline (PBS). One
ml of each dilution was inoculated intramuscularly
into groups of 10 ducks. Two weeks post inocula-
tion, all inoculated ducks along with 10 control
ducks were challenged by intramuscular inoculation
of 1 ml of liver suspension containing at least 105
50% duck lethal doses (DLDsp) of virulent duck
plague virus. Ducks were observed twice daily for
14 days. The experiments were repeated 3 times for
each batch of vaccine. The protective titre was calcu-
lated by the method of Reed and Muench (1938).

Trial 2: Safety test. Groups of 5 ducks (3- to 4-week-
old) were inoculated intramuscularly with 1x, 10x or
100x the recommended dose of vaccine (103 DPDs)
and observed for 14 days for the presence of clinical
signs. Two batches of vaccine were tested, with a
total of 30 ducks used in the trial.

Trial 3: Duration of immunity. To determine the
duration of immunity, 60 ducks were inoculated
intramuscularly with the recommended vaccine dose
and 30 ducks remained as unvaccinated controls. At
1,2, 3, 4, 5 and 6 months after vaccination, 10 vacci-
nated ducks and 5 control ducks were selected ran-
domly and blood samples collected to determine
duck plague ELISA antibody titres (Dang Hung
et al., 2004). At each time point, the 15 ducks were
challenged intramuscularly with 1053 DLDsj of viru-
lent duck plague virus.

Trial 4: Thermostability of freeze-dried vaccine. To
determine the thermostability of the vaccine, two
groups of 100 vials from the same batch of vaccine
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(lot 110899) were stored at 2-8°C or at at room tem-
perature (25-35°C). The vaccine stored at 2-8°C
was tested at monthly intervals from O to 9 months
and the vaccine stored at room temperature was
tested at 6-hourly intervals until 24 hours and then at
24-hour intervals from 24 to 144 hours. On each
testing occasion, 5 vials of vaccine were reconsti-
tuted and pooled, and the virus was titrated in
chicken embryo fibroblast cells. An in vivo protec-
tion test was performed on each occasion using a
volume of vaccine equivalent to 1 recommended
dose and using 10°3 DLDs of virulent duck plague
virus for the challenge at 2 weeks post vaccination.

Trial 5: Thermostability of reconstituted vaccine.
Ten vials of freeze-dried vaccine were reconstituted
and pooled, then divided into 12 aliquots. Six
aliquots were stored in an ice box (at 0—4°C) and
6 aliquots were stored at room temperature (at
25-35°C). At 2-hourly intervals from O to 10 hours,
2 aliquots from each of the 2 storage conditions were
pooled and inoculated intramuscularly into 5 ducks,
with the volume used equivalent to 1 vaccine dose of
freshly reconstituted vaccine. Five ducks remained
unvaccinated controls. Two weeks after vaccination,
the vaccinated and control ducks were bled for deter-
mination of ELISA antibody titre, and then chal-
lenged with virulent duck plague virus.

Results and Discussion

Trial 1: Determination of 50% duck protective
dose

The mean protective titre of 2 batches of duck plague
cell culture vaccine, each tested 3 times, was approxi-
mately 107 DPDsy/ml (Table 1). It was decided that a
recommended dose of vaccine should contain at least
103 DPDsy.

Table 1. Determination of the protective titre of 2 batches
of vaccine.

Batch of Log DPDsy/ml
vaccine
Exp. Exp. Exp. Mean
No. 1 No. 2 No. 3 value
Lot 110899 7.09 7.23 7.20 7.17
Lot 230500 6.62 7.00 6.49 6.70

This trial showed that the new cell culture adapted
vaccine has a higher protective titre than the older
duck egg-based vaccine, which reportedly had values
of 10563 DPDsy/ml (Do Van Dung, 2000) or 10327
DPDsy/ml (Tran Minh Chau, 1980). This means that
the new vaccine can be diluted further than the old
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vaccine, to produce more vaccine doses from any
given volume of vaccine concentrate.

Trial 2: Safety test

All ducks that were vaccinated with 1, 10 or 100
doses of the new vaccine remained healthy for the
entire 2-week observation period (Table 2). The
ducks drank and fed normally and showed no clin-
ical signs. No deaths were recorded.

Table 2. Results of the safety test of the new cell culture
adapted duck plague vaccine.

No. of doses of Batch of No. healthy ducks/
vaccine vaccine no. tested

1 Lot 110899 5/5

Lot 230500 5/5

10 Lot 110899 5/5

Lot 230500 5/5

Lot 110899 5/5

100 Lot 230500 5/5

Trial 3: Duration of immunity

The protective immunity induced in 3- to 4-week-old
ducks by a single vaccination of 1 recommended
dose (103 DPDsy) lasted for at least 6 months
(Table 3). On most occasions, all vaccinated ducks
survived challenge with virulent duck plague virus,
whereas all unvaccinated control ducks died. At
months 4 and 5 post vaccination, 2 ducks and 1
duck, respectively died following challenge. How-
ever, duck plague did not appear to be the cause of
these deaths and no duck plague virus antigen was
found at post mortem.

Table 3. Duration of protective immunity and ELISA anti-
body titres induced by the cell culture adapted duck plague
vaccine.

Time post No. survived/ Mean antibody titre +

vaccination  No. challenged  standard deviation (log,)
(months)
Vaccinated Controls Vaccinated Controls
ducks ducks n=15)
(n=10)

1 10/10 0/5 9.87 £ 0.84 0.04 £ 0.02
2 10/10 0/5 8.07 £0.54 0.04 +0.02
3 10/10 0/5 7.66 £ 0.71 0.03 £0.01
4 8/10* 0/5 6.86 £ 0.45 0.03 £ 0.02
5 9/10%* 0/5 5.91 £0.50 0.03 £0.01
6 10/10 0/5 4.86 £0.44 0.04 = 0.05

* Two ducks died three days after challenge, but duck
plague virus antigen was not detected.
** One duck died three day after challenge, but duck
plague virus antigen was not detected.
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The mean ELISA antibody titres of vaccinated
ducks declined gradually over a 6-month period from
9.8 log, at 1 month post vaccination to 4.8 log, at
6 months post vaccination (Table 3).

Trial 4: Stability of freeze-dried vaccine

The infectivity titre (determined at various intervals)
of the freeze-dried vaccine stored at 2-8°C and at
room temperature (25-35°C) is shown in Tables 4
and 5, respectively. The level of protection afforded
by the vaccine at each time interval is also shown.
When stored at 2—-8°C, the vaccine lost almost 2 logs
of titre over a 9-month period and when stored at
25-35°C a loss of 1.5 logs occurred over 72 hours.
However, vaccine stored at 2-8°C for 9 months or at
25-35°C for 5 days (120 hours) still afforded 100%
protection.

Table 4. Virus titres and protection level of freeze-dried
duck plague vaccine stored at 2-8°C.

Storage Mean titre* No. survived/no. challenged
time (log10 TCID50/ml)
(months) Vaccinated  Controls
0 7.02 10/10 0/5
1 6.89 £0.14 10/10 0/5
3 6.81 £ 0.05 10/10 0/5
4 6.62+£0.12 10/10 0/5
5 6.43 £0.09 10/10 0/5
6 6.20 £ 0.23 10/10 0/5
8 5.64 £0.05 10/10 0/5
9 5.52£0.06 10/10 0/5

* Values are the mean titre + standard deviation of 5 vials
of vaccine.

Table 5. Virus titres and protection level of freeze-dried
duck plague vaccine stored at 25-35°C.

Storage Infectivity titre ~ No. survived/no. challenged
time (10g]0 TCIDg()/m])
(hours) Vaccinated  Controls
0 6.87 5/5 0/5
6 6.36 5/5 0/5
12 6.36 5/5 0/5
24 5.64 5/5 0/5
48 5.63 5/5 0/5
72 5.34 5/5 0/5
96 ND 5/5 0/5
120 ND 4/4 0/5
144 ND 3/4 0/5

* values are the mean titre + standard deviation of 5 vials of
vaccine.
ND: Not done (No titration).
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Trial 5: Stability of reconstituted duck plague
vaccine

Pooled sera from groups of 5 ducks inoculated with
reconstituted vaccine that had been stored in an
icebox (0—4°C) or at room temperature (25-35°C)
for various time intervals were tested in the duck
plague antibody ELISA. The results of the ELISA
testing and virulent virus challenge tests are shown
in Table 6. The data show that the reconstituted cell
culture vaccine induced 100% protection against
challenge following storage for up to 10 hours in
either an icebox or at room temperature. The ELISA
antibody responses in ducks vaccinated with the
reconstituted vaccine were similar at each sampling
occasion from 0 to 10 hours of vaccine storage.
These results indicate that the reconstituted vaccine
may be kept for up to 10 hours without losing
efficacy.

Table 6. ELISA antibody titres and protective immunity
induced by reconstituted duck plague vaccine that was
stored in an icebox or at room temperature.

Storage Ice box (0-4°C) Room temperature
time (25-35°C)
(hours)
No. survived/ OD*  No. survived/ OD*
no. challenged no. challenged
0 5/5 0.61 5/5 0.45
2 5/5 0.42 5/5 0.41
4 5/5 0.37 5/5 0.27
6 5/5 0.57 5/5 0.47
8 5/5 0.46 5/5 0.59
10 5/5 0.57 5/5 0.37
Control 0/5 0.03 0/5 0.03

* OD: the OD value in the duck plague antibody ELISA of
pooled sera from 5 ducks diluted 1/50.
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Conclusions

These laboratory trials demonstrated that the new
cell culture adapted duck plague vaccine is effective
and safe. The duration of protective immunity
induced by a single vaccination is at least 6 months.
Freeze-dried vaccine can be stored for up to 9 months
at 2-8°C and up to 5 days at room temperature with
no loss of efficacy. Reconstituted vaccine can be
stored for up to 10 hours in an icebox or at room
temperature with no loss of efficacy.
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Serological and immunogical responses of ducklings
vaccinated at 1 and 21 days of age with lyophilised
live duck plague vaccine
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Abstract

The indirect antibody ELISA developed at AAHL was used to study the decline in maternal antibodies in ducklings, and
the effect of these antibodies on responses to duck plague vaccination and challenge with virulent virus. Levels of maternal
antibodies were uniform in ducklings from a commercial hatchery with vaccinated breeding stock, and diverse in ducklings
from market hatcheries. By 3 weeks of age, no ducklings had detectable levels of maternal antibody. Maternal antibodies did
not protect against intramuscular challenge with duck plague virus, but high levels did interfere with the protective response
to vaccination. Ducklings vaccinated at 1 day of age were resistant to challenge before ELISA antibodies became detectable.
In ducklings 4 weeks of age and older, levels of vaccine-induced antibody did correlate with protection.

Tém tit

Ung dung phuong phdp ELISA gidn ti€p phat hién khdng thé khang virit dich t vit (DTV) ctia Phong Thi nghiém
Thi y Uc (AALH) d€ nghién cttu sy bi€n dong khang thé me truyén (KTM) & vit con va tic dong clia khang thé nay
ddi véi ddp ng sau tiém chiing vicxin va thi thich cudng ddc o’ vit con. Miic khang thé me truyén & vit con mua tir 10
4p cda cdc trai vit giong c6 tiém ching vicxin tudng ddi ddng nha't hon vit con clia cdc 10 4p khdc.Vao khodng 3 tuan
tudi khong c6 vit con nao con khang thé me truyén c6 thé phit hién dugc. KTM tuy khong bio Ve dugc vit con khi cong
Cerng doc nerng c6 4nh hudng d&€n hiéu qui bao hd sau tiém chung Vit con dugc tiém chiing vacxm vao lic mot ngay
tudi da c6 thé dé khang lai cong cudng doc tru6e khi khang thé ELISA dat t6i mifc phat hién dugc. o] vit con 4 tuin tudi
hodc 16n hon, mic khdng thé tao ra bdi vicxin tuong quan véi mic bao ho.

Introduction with the vaccine, in part because the usual assay for

neutralising antibodies utilises embryonated duck

Duck plague or duck virus enteritis was first eggs and is time consuming and complicated. The
detected in North Vietnam in 1962, and in some recent development at AAHL, Geelong, Australia of
southern provinces in the 1980s. A live, lyophilised an Enzyme-Linked Immunosorbent Assay (ELISA)
duck plague vaccine, based on an old Chinese strain (Dang Hung et al., 2004) for the detection of anti-
of duck plague virus, has been produced by the bodies against duck plague virus offers a rapid and
National Veterinary Company (NAVETCO) for convenient tool. The indirect antibody ELISA was
many years. There have been few scientific studies used to measure the antibody response to vaccination
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and the maternal transfer of antibodies. Correlations
were sought with resistance to artificial challenge
with virulent duck plague virus, and with ability to
respond to vaccination

Materials and methods

Ducks. Ducks of either the commercial super-meat
breed or of local breeds were obtained at 1 day of
age from commercial or market hatcheries.

Duck plague live virus vaccine. The current duck
plague vaccine produced in duck embryonated eggs
inoculated via the chorio-allantoic membrane by
NAVETCO was used in this experiment and con-
tains 103! 50% duck protective doses (DPDsg) per
vaccine dose.

Virulent duck plague challenge virus. This virus has
been maintained by passage in ducks for more than
30 years. The challenge dose, delivered by intra-
muscular injection, was 103! 50% duck lethal doses
(DLDs) for ducklings to 3 weeks of age, and 1057
DLDs for older ducks.

Indirect Antibody ELISA. The test kit was kindly
supplied by AAHL. All sera were initially diluted
1 in 50, followed by serial 2-fold dilutions. The
diluent was phosphate buffered saline (PBS). The
titres of ELISA antibodies were expressed as logo of
the reciprocals of the highest dilution with an optical
density (OD) = 0.2.

Maternal antibody in ducklings from a market
hatchery

Markets are the main source of ducklings for private
smallholders in Vietnam. Hatcheries obtain embry-
onated duck eggs from various sources. A total of
100 one-day-old ducklings were purchased from a
market hatchery. Ducklings were identified by wing
tags and bled at 1, 7 and 14 days of age. ELISA anti-
body titres were determined.

Maternal antibody in ducklings from a
commercial hatchery

Three batches of one-day-old ducklings were pur-
chased from a commercial hatchery with vaccinated
breeding stock. Blood samples were collected at 1, 7,
14 and 21 days of age. From each batch, 20 blood
samples were collected and then pooled in groups of
5 at each time point. These pooled sera were titrated
for indirect ELISA antibodies.

Effect of maternal antibody on challenge with
virulent duck plague virus

Groups of 5 or 10 ducklings from the commercial
hatchery were challenged at 1, 2, 7, 12, 17 or 21 days
of age with virulent duck plague virus. Indirect
ELISA antibody titres were determined on the day of
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challenge. A further 10 ducklings served as uninocu-
lated controls. Dead ducklings were autopsied, and
the antigen capture ELISA (Dang, 2004) was per-
formed on spleen homogenate to detect the presence
of duck plague virus.

Effect of maternal antibody on response to
vaccination

Ducklings from the market hatchery were used.
Ducklings in 1 group were vaccinated once at 1 day
of age; ducklings in the second group were vacci-
nated twice, at 1 and 21 days of age. Control, unvac-
cinated ducklings comprised a third group. Groups
of ducklings were challenged with virulent duck
plague virus at 1, 2, 3, 4, 6 or 8 weeks of age after
determination of the mean indirect ELISA antibody
titres.

Results

Maternal antibody in ducklings from a market
hatchery

The results are shown in Table 1. Ducklings from
this source showed wide fluctuations in titres of
maternally derived antibody, with highest values of
3.2. One third of the one-day-old ducklings lacked
detectable antibodies. By 14 days of age there were
no detectable antibodies in any of the birds that were
tested.

Table 1. Maternal antibody titre in ducklings from a
market hatchery.

Days of age Number of  ELISA titre Range
samples (X +£SD)
1 100 1.78 + 1.25 0-3.2
7 23 0.78 + 1.02 0-2.6
14 18 0

Maternal antibody in ducklings from a
commercial hatchery

Table 2 shows the results. Antibody levels were
relatively uniform and were not detectable by
3 weeks of age.

Table 2. Maternal antibodies in ducklings from a commer-
cial hatchery.

Batch Age of ducklings (days)
1 7 14 21
1 3.318 2.60 1.70 0
2 3.20 2.30 1.70 0
3 3.20 2.15 0 0
2Mean ELISA antibody titre. Sera from 20 birds were
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pooled in groups of 5 at each time point.

Effect of maternal antibody on challenge with
duck plague virus

Despite the presence of maternal antibodies at 2, 7 and
12 days of age, all the challenged ducklings died 3—7
days after challenge (Table 3). All birds contained
duck plague virus in spleen samples tested by antigen
capture ELISA. Control ducklings remained normal.

Table 3. Effect of maternal antibody on challenge with
virulent duck plague virus.

Age of duckling  ELISA antibody Number died/

(days) titre Number challenged
1 0 10/10
2 3.0 10/10
7 2.6 10/10
12 1.7 10/10
17 0 10/10
21 0 5/5
Control 0 0/10

Effect of maternal antibody on response to
vaccination

The results are shown in Table 4. A single vaccina-
tion produced a moderate antibody response, and
moderate levels of protection which fell with age.
Eighteen of 24 birds survived challenge in the first
3 weeks of life but only 5 of 14 survived challenge at
4-8 weeks of age. Higher levels of antibody resulted
from revaccination at 3 weeks of age, with absolute
protection at 4 and 6 weeks. Unvaccinated ducklings
all died when challenged. More detailed analysis of
the results appears in Tables 5, 6 and 7.

Table 5. Response to duck plague virus challenge in ducklings lacking ELISA antibody titres at the time of challenge.

Duck number
(maternal ab)

Ab titre before vaccination

Antibody titre at time of challenge Status

(week)

1 2 3 4 6 8
68 26 0 S

801 23 0 S

785 1.7 0 S

323 0 0 S

859 0 0 S

867 0 0 S

Challenged at ;82 g 9 0 8 g
1-3 weeks 712 26 0 S
of age 369 23 0 D
197 23 0 S

465 0 0 S

709 3.2 0 D

230 2.9 0 S

244 26 0 S

239 23 0 S

794 3.2 0 D

104 23 0 D

Challenged at 100 23 0 D
4-8 weeks 796 ND 0 D
of age 164 2.6 0 D
786%* 26 D

0 — Serum with OD <0.2 at the first dilution; S — Survived; D —Died; ND — Not done.
* Duck vaccinated twice (at 1 and 21 days of age). All other ducks were vaccinated once (at 1 day of age).
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Table 4. Immune response of ducklings vaccinated with
duck plague vaccine at 1 and 21 days of age.

Age at Mean ELISA antibody titre and protection
vaccination against challenge at weeks of age
(days)
1 2 3 4 [§ 8
1 0.37¢ 158 052 080 1.72 1.57
(7/9)° (7/10) (4/5) (2/5) (2/5) (1/4)
1 & 21 250 2.60 220

(5/5) (5/5) (3/5)

none 0.40 0 0 0 0 0
(0/10) (0/4) (0/5) (0/4) (0/4) (0/5)

2mean ELISA antibody titre.

b(No. survived/ No. challenged).

Table 6. Response of ducklings to challenge in the first
3 weeks post vaccination: influence of maternal antibodies
on the efficacy of vaccination at 1-day-old.

Duck  Ab titre before Ab titre at  Status
number  vaccination time of
(maternal ab) challenge
(week)
1 2 3
68 2.6 0 S
801 2.3 0 S
785 1.7 0 S
708 0 0 S
859 0 0 S
323 0 0 S
867 0 0 S
Maternal 712 2.6 0 S
Ab titre 369 2.3 0 D
<2.6 197 2.3 0 S
788 2 1.7 S
845 1.7 2.3 S
790 0 32 S
465 0 0 S
244 2.6 0 S
239 2.3 0 S
224 0 26 S
236 32 1.7 D
783 2.9 1.7 D
Maternal 798 3.2 1.7 D
Ab titre 112 32 2 D
>2.6 793 2.9 0 S
709 32 0 D
230 29 0 S

0 — Serum with OD <0.2 at the first dilution.
S — Survived.
D — Died.

The response to challenge of vaccinated ducklings
lacking antibody at the time of challenge is shown in
Table 5. For challenge during the first 3 weeks of

life, 14 of 16 ducklings survived. All 6 antibody-free
ducklings challenged at weeks 4-8 died.

Table 6 considers the response of vaccinated
ducklings to challenge in the first 3 weeks post vac-
cination. The ducklings are divided into those with
maternal antibody titres <2.6 and those with higher
titres. Antibody responses were poor in both groups
but protection levels were higher in the former group
(survival of 16 of 17 challenged ducklings) than in
the latter (2 of 7).

The responses of ducklings to challenge at 4-8
weeks of age are recorded in Table 7. A comparison
is made between ducklings with an antibody titre
22.0 at the time of challenge and those with lower
titres. Eighteen of 19 ducks with antibody titres =2 at
the time of challenge survived, while none of
10 birds with titres <2 survived.

Table 7. Response of ducks to challenge with duck plague
virus at 4 weeks or longer after vaccination.

Duck  Ab titre before Ab titre at time Status
number  vaccination of challenge
(maternal ab) (week)
4 6 8
723 2.6 2 S
789 29 2 S
852% 0 2.6 S
838* 2 32 S
704* 2.6 2.3 S
449* 29 2.3 S
486* 32 2 S
. 770 ND 2.3 S
Antibody 53 0 2.9 s
titre >2 «
at time of 877 ND 2 S
challenge 305% ND 2 S
776%* ND 32 S
262% 0 2.9 S
769* ND 2.9 S
227 0 29 S
765% ND 32 S
720* 32 2 D
784 1.7 32 S
722% 23 26 S
104 2.3 0 D
794 32 0 D
100 2.3 0 D
Antibody 796 ND 0 D
titre <2 772 ND 1.7 D
attime of 768 ND 1.7 D
challenge 80 >3.2 17 D
764 2.6 0 D
786* 2.6 0 D
237 2 1.7 D

0 — Serum with ODysg <0.2 at the first dilution.
S — Survived
D — Died.
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ND — Not Done.

* Duck vaccinated twice (at 1 and 21 days of age). All
other ducks were vaccinated once (at 1 day of age).

Discussion

The AAHL indirect antibody ELISA test for anti-
body to DP virus proved to be convenient and effi-
cient. It was used to study the decline of maternally
derived antibody in ducklings. Antibody levels were
very diverse in ducklings from market hatcheries.
Fertile eggs are sourced from various producers, and
their layers probably have varied histories of vacci-
nation, or of exposure to field virus. Antibody levels
in ducklings from a commercial hatchery were more
uniform and probably reflected uniform exposure of
layers to vaccination. Whatever the initial levels of
anti DP virus antibodies, they fell to below the level
of detection in 2 or 3 weeks.

Levels of maternal antibody in commercial
hatchery ducklings were not protective against
artificial challenge with duck plague virus. This
finding agrees with those of Tran Minh Chau (1980)
and Balla (1984). This suggests that ducklings
should be vaccinated against duck plague at as
young an age as possible, depending on immunolog-
ical maturity and any possible inhibition of vaccine
virus by maternal antibody. Vaccination of breeders
cannot be expected to confer temporary protection
on their progeny.

Vaccination of ducklings at 1 day of age conveyed
some protection during the first 3 weeks of life.
During this period, 18 of 24 ducklings survived chal-
lenge, compared with 0 of 19 unvaccinated controls.
Protection levels fell over the next 5 weeks if duck-
lings were not revaccinated. Revaccination at
3 weeks of age resulted in increased levels of anti-
body and high levels of protection against challenge.
In ducklings that survived challenge, antibody levels
rose to above pre-challenge levels (data not shown).

However, the presence of maternal antibody did
interfere with the response to vaccination. Ducklings
with maternal ELISA antibody titres of 2.6 or higher
at the time of vaccination showed higher mortality
rates following challenge than those with lower titres.
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Thus, a maternal antibody titre of 2.6 in the indirect
ELISA could be considered as the level that will
interfere with a protective response to vaccination.

In the first 3 weeks after vaccination, protection
against challenge did not depend on the develop-
ment of antibodies detectable by ELISA. Ducklings
with no detectable antibodies survived challenge
infection. Other elements of the immune response
must have been involved. Cell-mediated immunity
and the protection of interferon could be suggested.
The cell-mediated immune system is known to play
an important role in herpesvirus diseases (Bela Toth,
1985; Islam et al., 1987; Jansen 1964; Sarmah and
Sarmah, 1996). At 4 weeks or longer after vaccina-
tion, levels of ELISA antibody were predictive of
protection. With the current test, a titre of 2.0 was a
good indication of resistance to artificial challenge.

The ideal time for initial vaccination will be influ-
enced by the age at which immunological maturity
develops, and the age at which interference from
maternal antibodies disappears.
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Field trials of a cell culture adapted duck plague vaccine
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Abstract

Following successful laboratory trials with a new vaccine against duck plague (duck virus enteritis) produced in cultured
chick fibroblasts, NAVETCO undertook extensive field trials with the new vaccine. The pilot field trial involved 800
vaccinated meat ducks. The vaccine caused no clinical reactions, and 2—-8 weeks after vaccination most ducks had developed
ELISA antibodies and resisted artificial challenge. Most ducks challenged 1 week after vaccination were also protected,
before ELISA antibodies became detectable. A subsequent extensive regional trial involved more than 170 000 ducks in 221
flocks. Detailed observations on all these ducks showed only 3 instances of possible reaction to the vaccine. A high propor-
tion of ducks in 17 flocks sampled 3 or 8 weeks after vaccination had detectable ELISA antibodies to duck plague virus.
Challenge trials on 28 ducks indicated that these antibodies were correlated with protection. The Ministry of Agriculture and
Rural Development has approved the new vaccine for use in Vietnam

Tém tit:

Tlep theo cédc thit nghiém thanh c¢ong vicxin méi phong bénh dich td vit dedc s&n xud't trén t€ bao xd ph01 ga trong
diéu kién phong thi nghiém, Navetco dd ti€n hanh thi¥ nghiém rong rdi vicxin méi trong diéu kién sian xuat. Thi
nghiém thuc dia so bd dudc thyc hién véi tiém chiing 800 vit thit. VAcxin khong gy ra cdc phdn ¢ng 1dm sang, va 2-8
tudn tiém ching da s& vit phat trién khang thé ELISA va dé khang véi cong cudng doc. Phian 16n vit dudc cong cudng
ddc 1 tuin sau khi tiém ching ciing dugc bao vé, trudc khi khdng thé ELISA c6 thé phét hién duge. Thi nghiém ti€p
theo trén dién rong bao gdm hon 170.000 vit trong 221 dan. Céc quan sat chi tiét tdt ca nhitng dan vit nay chi thiy c6 3
trudng hgp phan ting c6 thé do vicxin. C6 mot ty 1é cao nhitng vit trong 17 dan 18y miu vao 3 hodc 8 tuan sau khi tiém
chiing c6 khang thé ELISA d6i véi virit dich ta vit. Thit thich cudng doc 28 vit da chi 16 cdc khang thé niy tuong quan
véi su bdo hd. B Nong nghiép va PTNT da chdp nhin cho st dung vdcxin dich td vit méi & Viét nam..

Introduction National Veterinary Company (NAVETCO) pro-
duces and supplies hundreds of millions of doses of
IN VIETNAM, the disease which causes the greatest duck egg embryo duck plague vaccine every year,

loss to farmers is duck plague. Apart from appro- contributing greatly to the control of the disease.
priate hygienic methods , management, and nutrition, However, being produced from embryonated eggs,
vaccination is the most effective and economical this vaccine has some disadvantages such as insta-

way to prevent the disease and restrict damage. The bility, high price and possibility of contamination.
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During the cooperative research program between
Vietnamese and Australian scientists (which has
been mainly sponsored by ACIAR since 1995) the
vaccine virus has been adapted to growth in cultures
of chick embryo fibroblasts (Nguyen et al., 2004).
The cell culture vaccine has shown good results
when tested under experimental conditions (Do Van
Dung et al., 2004). In order to determine the safety
and effectiveness under field conditions, we sub-
jected the vaccine to both pilot and extensive
regional trials in 2 provinces in the Mekong Delta.

Materials and methods
Preparation

An agreement was negotiated between NAVETCO
and sub-departments of the Department of Animal
Health (DAH). The purpose of the field trial was
explained and procedures were agreed. Extension
exercises were then undertaken, involving depart-
mental staff and farmers who would be involved in
the trials.

The properties of the new vaccine were explained,
and advice given on its preservation and use. Vacci-
nation techniques were demonstrated.

Trial flocks

Flocks to be used in the field were identified. Flocks
of various ages and breeds were selected, and hus-
bandry conditions varied from industrial through
semi-industrial to free-range. Both laying flocks and
meat flocks were involved.

Meat ducks were vaccinated once at 10-21 days
of age, receiving a single subcutaneous dose of
vaccine. Blood was collected before vaccination and
at intervals after vaccination. Arrangements were
made for purchase and challenge of vaccinated and
unvaccinated ducks.

Layer ducks were usually vaccinated before
breeding. Flocks already in production and already
vaccinated were revaccinated. Vaccine was adminis-
tered by subcutaneous or intramuscular injection.
Blood samples were collected before and after vacci-
nation as indicated.

Vaccine

The cell culture vaccine was supplied in 500 dose
bottles. Each dose contained at least 10 50% cell
culture infectious doses (CCIDsp).

Determination of safety

Vaccine safety was assessed by close monitoring of
flocks for 2 weeks after vaccination. DAH sub-
department staff and NAVETCO veterinarians com-
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pleted recording sheets on duck numbers and flock
health.

Determination of efficacy

Antibody responses were determined by the antibody
detection ELISA described elsewhere in this volume
(Morrissy et al., 2004). A sample was considered
positive for ELISA antibodies if the optical density
(ODysp) of serum tested at 1:50 dilution was >0.2.
Vaccinated and unvaccinated meat ducks were
challenged by intramuscular injection of 10°3 50%
lethal doses (LDsg)of the standard NAVETCO
challenge virus.

Pilot trial

The trial was undertaken on meat ducks from
4 flocks in 3 wards (Nhan Duc, Phuoc Kieng and
Hiep Phuoc) of the Nha Be district, Ho Chi Minh
City. All 800 vaccinated ducks were identified with
wing tags. Before vaccination, blood samples were
collected at random from 10% of the flock to deter-
mine basal levels of antibody.

Extensive regional trial

The regional trial involved 221 flocks and more than
170000 vaccinated ducks in 13 districts of Tien
Giang and Long An provinces. Details of the
numbers of ducks vaccinated at various locations are
shown in Table 1. Flock sizes varied from tens of
ducks to thousands of ducks. Blood samples for
antibody determination were obtained from ducks in
17 meat flocks before vaccination. From 15 of these
flocks antibody levels were tested 3 weeks after vac-
cination and from the other 2 flocks, 8 weeks after
vaccination.

Vaccinated and unvaccinated meat ducks were
purchased from 2 flocks, 3 weeks after vaccination
and from another 2 flocks, 8 weeks after vaccination.
They were taken to NAVETCO for artificial chal-
lenge. All 221 flocks were part of the safety audit.

Results
Pilot trial

Ducks in the study population lacked detectable anti-
body against duck plague virus before vaccination.
None of the 800 vaccinated ducklings developed
clinical signs that could be attributed to the vaccine.
The development of ELISA antibodies and the
responses to challenge with virulent duck plague
virus are shown in Table 2.

At 1 week after vaccination, there was poor corre-
lation between production of ELISA antibody and
protection against challenge. Ducks lacking antibody
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were resistant to challenge. From 2 to 8 weeks after
vaccination, the presence of antibody gave a good
prediction of survival after challenge. The correlation
was not absolute. At 6-8 weeks after vaccination,
some ducks that had produced antibody succumbed
to challenge, and some antibody-free ducks survived.

Table 1. Locations and numbers of vaccinated ducks.

Extensive regional trial

All vaccinated ducks were observed by farmers and
veterinarians. There were only 3 reports of unusual

observations
detailed below.

following vaccination,

which are

Province District No. of wards No. of vaccinated No. of vaccinated
duck flocks ducks
Tien Giang Cdi Be 2 13 3453
Cai Lay 6 38 7 340
Chau Thanh 1 11 3170
Chg Gao 2 27 5948
Go Cong bong 7 37 39 900
Go Cong Tay 5 11 4500
Total 23 137 64 311
Long An Thi Thira 3 15 21 000
Chau Thanh 3 13 16 000
Cin Pudc 3 11 14 500
Téan Tru 3 6 11 000
Bén Litc 4 12 12 500
TX. Tan An 4 14 21 500
Thanh Hoa 2 13 10 500
Total 22 84 107 000
Total 45 221 171 311

Table 2. ELISA antibody response and protection against challenge of ducks after vaccination with cell culture vaccine.

Ward Ducks No. Weeks post vaccination
1 2 3 6 8
Nhan Duc vaccinated 1804 3/202 14/19 14/19
16/20° 14/19 13/19
(80)¢ (73.7) (68.4)
control 604 0/15 0/10 0/10
0/15 0/10 0/10
0 0 0
Hiep Phuoc vaccinated 3204 16/18 15/16 13/16
18/18 14/16 13/16
(100) (87.5) (81.2)
control 304 0/9 0/8 0/8
0/9 0/8 0/8
0 © 0
Phuoc Kieng vaccinated 200 17/20 15/20
17/20 14/20
(85) (70)
vaccinated 100¢ 17/20 17/20
18/20 15/20
(90) (75)
control 204 0/10 0/9
0/10 0/9
© ©

apositive ELISA antibody/samples tested; " no. ducks survived/no. challenged ducks; ©percentage of protection; 9 3-week-
old ducks; ¢ 10-day-old ducks.
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One flock of 40 Muscovy ducklings vaccinated at
3 weeks of age, showed reduced appetite for 2 or 3
days, commencing 1 or 2 days after vaccination.
Another flock of 200 ducks receiving vaccine from
the same bottle showed no abnormal clinical signs.

In a flock of 200 layer ducks, a 15-20% drop in
egg production occurred in the week following vac-
cination. The third incident involved a flock of 115
ducks which were 3 weeks old. The ducks showed
clinical signs of illness 2 days after vaccination, and
63% died on the third day. The remainder survived
after treatment with antibiotics. Laboratory diagnosis
confirmed a diagnosis of pasteurellosis, not duck
plague. If all these instances of morbidity and mor-
tality are attributed to the vaccine, the percentage of
adverse reactions was about 0.2% of ducks in 1.4%
of flocks.

The detection of ELISA antibodies in ducks
3 weeks after vaccination (15 flocks) and 8 weeks
after vaccination (2 flocks) is detailed in Table 3. All
ducks were negative for ELISA antibodies prior to
vaccination. Post vaccination responses were con-
sistent throughout both provinces, with 85.7% of
samples yielding detectable ELISA antibody at
3 weeks, and 100% at 8 weeks. The response to buy-
back challenge is shown in Table 4. Antibody pro-
duction and protection against challenge were well
correlated.

Table 3. Detectable ELISA antibodies in ducks after vac-
cination under field conditions.

Province Duck flock No. ELISA antibody positive/
no. tested
3 weeks post 8 weeks post
vaccine vaccine
Tien Giang 1 5/5
2 3/5
3 57
4 5/5
5 7/10
6 7/12
7 14/15
8 19/20
9 13/15
10 15/15
Long An 11 35/40
12 4/5
13 5/5
14 8/10
15 17/20
16 10/10
17 6/6
Total 162/189 16/16
(85.7%) (100%)
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Table 4. Protection of ducks challenged with virulent
duck plague virus at 3 and 8 weeks after field vaccination.

Status Weeks ELISA antibodies Protection
after No. positive/No. tested No.
vaccination survived/
Pre- Post- No.

vaccination vaccination challenged

Vaccinated 3 0/10 10/10 10/10

Control — 0/5 0/5 0/5

Vaccinated 8 — 16/18 15/18

Control — — 0/10 0/10

Discussion

Although the new cell culture duck plague vaccine
had proved safe and efficacious in laboratory trials,
approval of the vaccine for registration required
extensive field testing. These tests were undertaken
by NAVETCO and DAH in provincial Vietnam.

The initial trial was on a pilot scale involving 800
vaccinated meat ducks. The results obtained were
similar to those achieved in the laboratory. The vac-
cine produced no clinical signs. It protected, at 1-8
weeks after vaccination, against a very high dose
(1055 LDsg) of challenge virus. This is probably a
more severe challenge than is encountered in the
field. As had been found in the laboratory, a protec-
tive response could be demonstrated 1 week after
vaccination, before most ducks had produced detect-
able ELISA antibody. Others (Tran Minh Chau,
1980; Leibovitz, 1971) have made similar observa-
tions. This early protection may be attributed to the
production of interferon, or of a cell mediated
immune response.

These results justified an extensive regional trial
to validate safety and efficacy of the vaccine. This
was undertaken in 2 provinces of Vietnam and
utilised the combined resources of NAVETCO and
DAH. The major emphasis was on indicating safety
of the vaccine. Reactions possibly attributable to the
vaccine were recorded in only 355 of 171 311 ducks
and 3 of 221 flocks. Two incidences did not involve
mortality; the first was the transient loss of appetite
in young ducklings, and the second a transient drop
in egg production in laying ducks. Both may have
been attributed directly to the vaccine, or to the
stress of handling for vaccination. A third incident
was more serious, when about 70 of 115 ducklings
died of pasteurellosis soon after vaccination. It is
possible that vaccination, or the vaccine, had acti-
vated a latent pasteurella infection. The trials indi-
cated a high level of safety of the vaccine.

Vaccine efficacy was indicated by the production
of ELISA antibody in a high proportion of ducks
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in all of the 17 flocks sampled. Only a limited
challenge trial was warranted. This confirmed the
results of the pilot trial, most ducks developing
ELISA antibodies being resistant to challenge. Effi-
cacy under field conditions was less than that
achieved in the laboratory. Vaccine preservation,
reconstitution in water of various grades and the
health status of the flocks may all influence efficacy
of the vaccine.

It will be necessary to establish the longevity of
protection. Ducks were protected for at least 8 weeks
after vaccination. This is adequate for meat ducks
that are marketed at about 2 months of age in
Vietnam. Breeding ducks will require a much longer
duration of protection.

These results, and samples of the vaccine, were pre-
sented to the National Centre for Veterinary Medicine
Quality Control, DAH. The vaccine was approved for
use in Vietnam (Vietnam Certification, Standard TCN
161-92 and 183-93-promulgated in 1994 by the
Ministry of Agriculture and Rural Development).
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Abstract

Cross neutralisation tests were used to demonstrate antigenic differences among duck plague viruses in Vietnam. Seven
field isolates, a vaccine strain and a virulent challenge strain could be divided into 2 antigenic groups. R values indicated that
these groups could be considered as separate serotypes or major subtypes. Antigenic grouping did not correlate with
virulence or geographic location.

The study also showed that adaptation to cell culture of the duck egg cultured vaccine had not substantially affected its
neutralising characteristics. Sera raised against either of the vaccines had poor neutralising activity against the standard
challenge strain used at NAVETCO and 3 field isolates from serogroup 2. However, neutralising activity does not appear to
correlate with in vivo protection. Some of the field isolates examined in this study could be investigated further as possible
vaccine candidates or alternative challenge viruses.

Tém tdt

Nghiém phdp trung hda chéo dugc st dung d€ ching minh nhitng sai khdc khdng nguyén giita cdc chling virdt dich
td vit & Viét nam. Bay phan 1ap thuc dia, mdt ching vicxin vi mot chiing virdt cudng ddc c6 thé duge phan thianh 2
nhém khdng nguyén. Céc gid tri R di chi rd cdc nhém nay c6 thé coi nhu nhitng serotyp riéng biét hay 1a céc subtyp
chii y&u. Phan nhém khang nguyén khong tuong quan véi doc luc hay vi tri dia 1y.

Nghién cttu ciing chi 16 sy thich &ng vao t& bao ctia vicxin sdn xuit trén phoi tritng da khong dnh hudng dén dic tinh
trung hoa clia né. Huyét thanh tao dudc sau tiém chiing vicxin ¢6 hoat tinh trung hoa y&u d6i vé6i chiing cudng doc dang
dugc st dung & Cong ty Thudc Thi y TW2 va 3 phan 1ap thuc dia thudc nhém huy&t thanh 2. Tuy nhién, hoat tinh trung
hoa hinh nhur khdng tuong (ng véi sy bdo hd trén co thé’ sdng. Mot vai phin lap thuc dia khdo sit trong nghién cttu nay
nén dugc nghién citu ti€p tuc dé c6 thé sit dung nhu 1a chiing viridt cudng doc hodc chiing vicxin thay thé trong tuong lai.

Introduction obtained from China in the 1970s, and a virulent
challenge strain. The vaccine was produced in
Duck plague is a major disease of ducks in Vietnam. embryonated duck eggs and was used for vaccination

At the start of an ACIAR project to improve the vac- of local ducks. During the project, a total of 99 field
cination and diagnosis of duck plague in Vietnam the isolates of duck plague virus were collected from
only strains of duck plague virus available in 353 diseased ducks and the Chinese vaccine strain
Vietnam were a vaccine strain, which had been was adapted to growth in chicken cell cultures.
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Little is known about the antigenic diversity of
duck plague viruses and there is no information on
the diversity of duck plague viruses in Vietnam. The
objectives of the work described in this paper were
to determine if there is antigenic variation among
Vietnamese isolates of duck plague virus, to deter-
mine if antibodies induced by the vaccine strain cur-
rently used in Vietnam neutralise Vietnamese field
isolates of duck plague virus and to investigate
whether adaptation of the duck plague vaccine to cell
culture had altered the antigenic state of the virus. In
addition, it was hoped that from the field isolates
obtained in the study, new virulent viruses that could
be used in challenge experiments and new candidate
vaccine viruses could be selected. Seven field
isolates of duck plague virus from 6 provinces of
Vietnam, the old vaccine, the cell culture-adapted
vaccine and the old standard challenge virus were
tested in a cross neutralisation test to determine their
antigenic relatedness.

Materials and methods
Viruses

Detailed information about the viruses used in this
work is shown in Table 1. The 7 field isolates of
duck plague virus were isolated from brain, spleen or
liver of dead or sick ducks sent to the laboratory by
farmers in 19961997 (Tran Dinh Tu et al., 2004).
These 7 isolates were selected from 99 isolates
obtained in that study. The isolates were passaged
several times in duck embryo fibroblast (DEF) cell
cultures until their titres reached at least 10° 50%
tissue culture infectious doses per ml (TCIDsp/ml).

The cell culture-adapted duck plague vaccine (CC
vaccine) was a derivative of the existing vaccine,

adapted to chicken embryo fibroblast (CEF) cell cul-
ture and stored as a master seed. The seed virus
strain underwent 15 passages in embryonated
chicken eggs and 12 passages in CEF cell cultures.
The CEF cell culture fluid from the 13t passage was
harvested and stored as vaccine master seed. The
14™ passage served as the CC vaccine.

The standard challenge virus was cultured in
embryonated duck eggs and stored as duck embryo
allantoic fluid. The virus had been kept virulent by
regular passages in ducks. The livers of these ducks
were collected and the virus re-isolated in embryo-
nated duck eggs.

The identity of the field isolates, the challenge
strain and the 2 vaccine strains was confirmed by
PCR test (Kim Van Phuc, 2004).

Indirect antibody ELISA

An indirect ELISA developed by the Australian
Animal Health Laboratory as part of the ACIAR
duck plague project was used to quantify duck plague
virus antibodies. Briefly, sera were diluted 1 in 50 in
phosphate-buffered saline containing 0.05% Tween
20 (PBST) and 1% skim milk powder, followed by
serial twofold dilutions. Fifty pL of each serum dilu-
tion was added to wells of a microtitre plate coated
with duck plague virus antigen, incubated with
shaking for 30 min at 37°C then washed with PBST.
Goat anti-duck IgG-horse radish peroxidase conju-
gate was diluted 1:2000 in the same dilution buffer as
above and added in a volume of 50 uL, the plates
were incubated as above, then 50 pL of freshly pre-
pared substrate (TMB) was added. The reaction was
stopped after 5 min by addition of 50 uL. 1M H,SO4
and the optical density (OD) at 450 nm was deter-
mined. The antibody titre was regarded as the recip-
rocal of the highest dilution with an ODysy = 0.2.

Table 1. Duck plague virus strains and isolates used in the study.

Virus Area of origin Culture No. survived/ no. Virulence
challenged?®

Duck egg vaccine China Embryonated duck eggs 3/3 avirulent
CC vaccine China Chick embryo fibroblasts 3/3 avirulent
Challenge strain Hanoi Embryonated duck eggs 1/4 virulent
Field isolate 25 Dong Thap DEF (7) 3/4 mild
Field isolate 47 Dong Thap DEF (7) 4/4 avirulent
Field isolate 57 Dong Nai DEF (6) 4/4 avirulent
Field isolate 63 Bien Thuan DEF (7) 4/4 avirulent
Field isolate 65 Dong Nai DEF (7) 4/4 avirulent
Field isolate 203 Dong Thap DEF (3) 3/4 mild
Field isolate 252 Tien Giang DEF (7) 1/4 virulent

CC: Cell culture adapted; DEF: duck embryo fibroblast cell cultures (Numerals indicate passage level).

aDucks were inoculated intramuscularly with 105 TCIDs, or 10° EIDs of each virus.
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Production of serum

The field isolates, challenge strain and vaccines were
inoculated into 3 or 4 local Vietnamese ducklings,
which were 3 weeks old, at a dose of 105 TCIDs or
105 50% egg infectious doses (EIDsg) per duck by
the intramuscular route. The numbers of ducks sur-
viving after the inoculation were recorded.

Two weeks after inoculation, blood samples were
collected from surviving ducks. Serum was separated
and tested for duck plague virus antibodies by indirect
ELISA. If the ELISA antibody titre was <3200, the
duck was re-inoculated once or twice at 2-weekly
intervals and blood samples collected 2 weeks after
each inoculation. When the ELISA antibody titre was
23200, the duck was bled by cardiac puncture. Sera
were separated and inactivated at 56°C for 30 mins.
Sera from ducks from the same group were pooled by
mixing equal volumes of each serum and the pooled
samples were stored in 1 ml volumes at —20°C.

Neutralisation test

A beta virus neutralisation method was used, using
2-fold serum dilutions against constant virus (20—
1000 TCIDsp per well). Sera were diluted in Earles
minimum essential medium (EMEM) from 1/2 to
1/1024. Pooled sera from Pekin ducks in Australia
was used as a negative control. The serum-virus mix-
tures were incubated at 37°C for 1 hour, then added
to a 24-hour second passage CEF monolayer in wells
of a 96-well microtitre plate or to 100 pL of 1 x 106
second passage CEF cells in EMEM with 10% foetal
bovine serum, penicillin and streptomycin and then
the mixture was added to wells of a microtitre plate.
After 4 days of incubation at 37°C, all wells were
examined microscopically for cytopathic effects
(CPE). The highest dilution of serum at which the
viral CPE was inhibited was recorded as the neutral-
ising antibody titre. The test was run in duplicate and
geometric mean titres were calculated.

Calculation of R values

Cross-reactivity  (R)  values were calculated
according to the formula described (Archetti and
Horsfall, 1950) and applied (Gravendyck et al.,
1996; Giambrone and Solano, 1988) previously. The
R% value is 100 x the square root of r1 X r2 where

titre of antivirus 2 — serum against virus 1

rl = = — - -
titre of antivirus 1 — serum against virus 1

_ titre of antivirus 1 — serum against virus 2
titre of antivirus 2 — serum against virus 2

Where the neutralising antibody titre was >1024, a
value of 1024 was used in the calculations. R values
between 0 and 10% are considered as a serotype dif-
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ference, 11 and 32% a major subtype difference,
between 33 and 70% a minor subtype difference, and
values greater than 70% are considered to have little
or no difference (Giambrone and Solano, 1988).

Results

The results of in vivo challenge with the vaccines,
challenge strain and the 7 field isolates are shown in
Table 1. The viruses could be divided into those
which caused no deaths following challenge (aviru-
lent), those causing some deaths (mild) and those
causing death in 3 of 4 inoculated birds (virulent).

Detailed information on the ELISA titres of indiv-
idual duck and pooled sera is shown in Table 2. The
ELISA titre of the pooled sera used in the neutralisa-
tion test ranged from 1600 to 102 400.

The geometric mean titres of the virus neutralisa-
tion tests are shown in Table 3. Neutralisation titres
ranged from 0 to >1024. With most, but not all, sera,
the highest neutralising titre was obtained against the
homologous virus. The neutralisation titre of the cell
culture adapted vaccine antiserum against each of the
viruses was similar to that obtained with the original
vaccine produced in embryonated eggs. Antisera
raised against the 2 vaccines had low or negative
neutralisation titres against some of the field isolates
(47, 63, 203) and the challenge strain. The negative
control serum from Australia had some neutralising
activity against field isolates 47, 57, 63 and 203.

The R-values are recorded in Table 4. The viruses
could be divided into 2 main groups based on their
antigenic relatedness. The first group comprised field
isolates 25, 65, 252 and the vaccine strain, with R
values ranging from 58-100% among the group.
Serogroup 2 comprised field isolates 47, 57, 63 and
203, with R values from 35-100%. Although the
data for the challenge strain were not complete, its R
values against the 7 field isolates indicated a close
relationship with serogroup 1. The R values between
viruses in the 2 groups ranged from 0 to 20%.

Field isolates from the same area belonged to dif-
ferent antigenic groups. For example, isolates 25 and
47 were both from Dong Thap province but were
antigenically distinct. Viruses within each antigenic
group were of varying virulence.

Discussion

Cross neutralisation tests demonstrated serologic dif-
ferences among duck plague viruses isolated in
Vietnam. The 7 field isolates examined in this study
could be divided into 2 antigenic groups, with the
current vaccine strain belonging to serogroup 1. The
R values between groups were sufficiently low to
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Table 2. ELISA titres of individual and pooled sera collected from ducks inoculated with duck plague vaccines, challenge
strain and field isolates.

Virus No. of ducks ELISA titre of individual sera ELISA titre of pooled
sera

Post 2nd inoculation Post 3rd inoculation

Duck egg vaccine 335 12 800
337 3200 6 400 1 600
311 3200
CC vaccine 345 800 6 400
303 3200 1 600
302 800 3200
Challenge strain 330 3200 6 400*
Field isolate 25 307 3200 12 800
314 12 800 25 600 6 400
321 25 600 51200
Field isolate 47 390 3200 6 400
663 12 800 6 400
384 6 400 12 800 6 400
392 6 400 6 400
Field isolate 57 399 3200 12 800
656 3200 12 800
497 25 600 6400
387 51200
Field isolate 63 398 1 600 3200
382 6 400 6 400
657 3200 6 400 6400
386 25 600 12 800
Field isolate 65 317 12 800 6 400
350 12 800 102 400
319 6 400 12 800 12 800
326 6 400 6 400
Field isolate 203 372 3200 3200
664 6 400 12 800 6 400
380 6 400 12 800
Field isolate 252 322 25 600 102 4002

CC: Cell culture adapted;  Serum from 1 duck only.

Table 3. Results of cross neutralisation test between sera from ducks inoculated with vaccines, challenge strains or field
isolates against homologous and heterologous viruses.

Serum Virus

CC vaccine Challenge 25 47 57 63 65 203 252

(20)2 strain (200) (400) (100) (100) (20) (>1000)  (200)

(>1000)

Negative control ob 0 0 2 32 8 0 2 0
Duck egg vaccine 384 0 64 0 4 4 192 4 192
CC vaccine 512 1 96 3 32 8 256 4 192
Challenge strain nd 2 128 0 4 12 384 12 96
25 256 2 48 4 12 16 512 8 64
47 768 288 192 >1024  >1024  >1024 384 640 128
57 512 0 128 >1024  >1024  >1024 384 512 96
63 >1024 3 128 >1024  >1024  >1024 256 128 64
65 256 2 128 0 16 16 384 16 96
203 768 64 192 >1024  >1024  >1024 768 >1024 128
252 192 1 192 0 8 6 640 16 128

CC: Cell culture adapted; * Amount of virus added to the serum dilutions (TCIDs);
b Tests were conducted in duplicate; results are expressed as the geometric mean titre; nd: Not done.
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Table 4. R values (%) of the duck plague vaccine, challenge strain and field isolates.

Virus serum CC vaccine 25 47 57 63 65 203 252 Challenge
strain

CC vaccine 100

25 100 100

47 4.7 12.5 100

57 17.7 17.7 100 100

63 8.8 20.4 100 100 100

65 57.7 188.5 0 12.5 10.2 100

203 7.6 17.7 79.1 70.7 354 17.3 100

252 75 1414 0 7.6 54 111.8 12.5 100

Challenge strain nd® 163.3 0 0 13.2 100 61.2 61.2 100

CC: Cell culture adapted.

4 R values of 0-10% indicate serotype difference, 11-32% major subtype difference, 33—-70% minor subtype difference,

>70% means little or no difference.
bnd: Not done.

indicate either a serotype or major subtype difference
between the 2 groups.

Within each group there was a range in virulence,
indicating that antigenic type does not correlate with
pathotype. Viruses from both antigenic groups were
isolated from ducks in the same region. This sug-
gests that one particular antigenic type does not cir-
culate exclusively in a region and that both antigenic
types can coexist.

Only 7 field isolates were examined in this study.
It is possible that with investigation of further iso-
lates, more than 2 antigenic groups of duck plague
viruses would be found to exist in Vietnam.

Evidence of antigenic diversity using cross
neutralisation tests has been shown in many viruses,
e.g. avian reoviruses and psittacine herpesviruses
(Giambrone and Solano, 1988; Gravendyck et. al.,
1996). It has been reported that no differences in
antigenicity occurred between duck plague virus iso-
lates from The Netherlands, India and the USA using
a plaque-reduction test (Richter and Horzinek,
1993). No details of the isolates tested or the meth-
odology used were provided, so it is difficult to
determine why the results in the current study dif-
fered from that previous report. However, it appears
from this study that at least 2 different serotypes or
subtypes of duck plague virus occur in Vietnam.

The adaptation of the duck plague vaccine to cell
culture does not appear to have affected the antigenic
state of the virus, since neutralisation titres of the
2 antisera against each of the field isolates were very
similar. Three of the field isolates from serogroup
2 were poorly neutralised by sera raised against
either the duck egg vaccine or the cell culture adapted
vaccine. However, neutralising antibody titre does
not appear to correlate with protection in vivo
because the current virulent challenge strain was also
poorly neutralised by the vaccine antisera, yet both
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vaccines give good protection against this challenge
strain (Nguyen Thi Kim Dinh et al., 2004; Nguyen
Thi Thu Hong et al., 2004). Presumably, cell medi-
ated immunity plays a major role in the protection
induced by vaccination against duck plague. To
investigate this further, challenge experiments of vac-
cinated ducks could be performed using isolates from
serogroup 2. This would clarify whether the current
vaccine strain (from serogroup 1) is protective
against viruses from the other antigenic group.

Some of the field isolates examined were shown
to produce mild or no clinical signs and no deaths in
inoculated ducks. Of these avirulent viruses, some
belonged to the same antigenic group as the vaccine
strain while others belonged to the other group.
These viruses could be investigated further as
possible vaccine candidates.

One of the field isolates (252) caused the same
mortality rate as the virulent challenge strain and
belonged to the same antigenic group. This isolate
could be investigated as an alternative challenge
virus. One limitation of the current challenge strain is
the fact that it must be administered by an unnatural
route and does not transmit to in-contact ducks.
Further studies could be undertaken to determine if
isolate 252 is able to infect ducks by routes other than
the intramuscular one and whether it can be spread by
contact to other ducks.
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Duck plague in Muscovy ducks in Can Tho province

Bénh dich ta vit trén vit xiém & tinh Can tho

Nguyen Duc Hien!

! Department of Animal Health of Can Tho province, 07 duong 30/4 TP, Can Tho, Vietnam;
e-mail: vimnd@hcm.vnn.vn

Abstract

Muscovy ducks are widely raised all over Can Tho province in relatively small flocks that are allowed to roam around in
the backyards and gardens.

A retrospective survey showed that 14.5% of Muscovy ducks in Can Tho had experienced a disease resembling duck
plague. The prevalence of suspected duck plague varied among different locations within the province, with the highest rates
occurring in Can Tho City and Thot Not district. The prevalence also varied slightly at different times of the year, with peaks
from March to May and November to December. The prevalence was highest in birds over 12 weeks of age.

Of 882 serum samples taken from Muscovy ducks not vaccinated with duck plague vaccine and raised in 9 districts and
towns of the province, 15.40% had antibodies detected by Ab ELISA. This percentage ranges from 5% to 36% depending on
location within the province.

Duck plague was considered to be a serious constraint to the raising of Muscovy ducks in the area.

Tém tdt

Vit xiém dugc nudi khd rong rai khip tinh Can tho trong cdc dan tuong ddi nhd dugc tha ty do trong sin vudn.

K&t qua mdt cudc diéil tra hdi citu cho thay 14.5% vit xiém nudi & tinh Can tho bi nhiém mot bénh gidng nhu dich
ta vit. Su lvu hanh clia bénh nghi 1a dich td vit thay ddi theo dia ban trong tinh, trong @6 & TP Cin thd va huyén Thot
ndt c6 ty 1& nhiém cao nhat. Ty 1& nhidm ciing thay d8i theo cdc thing trong nim, cao nhit trong khodng tir thang 3 dén
thang 5 va tif thang 11 d&n thing 12. Ty & nhiém bénh o vit xiém trén 12 tudn tudi 1a cao nhat.

Trong s& 882 mau huyét thanh 14y tir vit xiém chura dudc tiém chiing vicxin dich t3 vit va duge nudi & 9 huyén thi
clia tinh c6 15.4% s6 mau hién dién khang th€ dich ta vit dugc phat hién bing ky thuat Ab-ELISA. Ty 1& nay giao
dong trong khodng tir 5 d€n 36% tuy thudc vao vi tri 1y miu.

Dich t3 vit dugc xem 1a mot han ché quan trong d6i v6i chin nudi vit xiém cda tinh Can tho.

Introduction Duck plague or duck virus enteritis is an impor-
tant contagious herpesvirus infection in domesticated
Muscovy ducks (Cairina moschata) are widely and wild waterfowl of the Anatidae family, the
raised by farmer households in the Mekong River  Anseriformes order. The disease has been recognised
Delta with a total population of about 4 500 000 as the most serious in the Mekong River Delta (Tran
birds, accounting for 16% of the total population of =~ Dinh Tu, 1995; Tran Dinh Tu and Kim Van Phuc,
waterfowl being raised in the region. Muscovy ducks 1998, 1999; Nguyen Duc Hien, 1997), causing great
are commonly allowed to roam around in backyards losses to many domestic duck producers, but no
and gardens or confined in simple enclosures around official report on the disease in Muscovy ducks has
farmer households. The size of flocks varies from been recorded.
10-30 birds, with mixed ages. These ducks are fed The yearly rates of morbidity and mortality in
with rice or bran, or remains from pig feed. They can Muscovy ducks are quite high and most are sus-
feed themselves with fish, snails and earthworms, in pected to be induced by duck plague virus. In order
the gardens of households or on the canals. to provide more specific evidence, we have
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conducted surveys on duck plague infection in Mus-
covy ducks and investigated the prevalence of duck
plague virus antibody in the serum of Muscovy
ducks which have not been vaccinated with duck
plague vaccine. This report is a collection of prelim-
inary results of a survey on duck plague in Muscovy
ducks in Can Tho province.

Materials and methods

A survey was carried out by the Department of
Animal Health of Can Tho province to determine the
numbers and distribution of domestic waterfowl in
the province, including the distribution of Muscovy
ducks.

A disease survey by retrospective study with ques-
tionnaire forms given to farmer households was
carried out by local veterinarians and students of the
Veterinary Medicine School, Can Tho University.
The total number of forms was 12 500, accounting
for 8-10% of farmer households raising Muscovy
ducks in Can Tho province.

A disease survey was carried out by a cross-
sectional design with serum samples taken at one
time point from flocks of Muscovy ducks which
were not vaccinated with duck plague vaccine. Blood
samples were collected from 882 Muscovy ducks
from 27 villages in 9 districts of Can Tho province.
The presence of duck plague virus antibody in the
serum was demonstrated by indirect ELISA.

ELISA techniques

The ELISA technique applied for the survey at the
laboratory of the Department of Animal Health of
Can Tho Province was provided by Australian
Animal Health Laboratory (AAHL). AAHL devel-
oped the test and transferred the technology through
training courses at NAVETCO under the Ministry of
Agriculture and Rural Development.

The duck plague indirect antibody ELISA and
duck plague herpesvirus antigen capture ELISA were

Table 1. The distribution of waterfowl in Can Tho Province.

applied following the procedures of AAHL and as
standardised to comply with Vietnamese conditions
by the Virology Laboratory, Research Center of
NAVETCO.

Results and discussion

Muscovy duck raising situation in Can Tho
Province

The results of the survey on the situation of water-
fowl raising in Can Tho province carried out in 2002
by the Department of Animal Health of Can Tho
Province are summarised in Table 1.

The total population of waterfowl in Can Tho
province is large (over 3200 000 birds), 90% of
which are Pekin ducks. Muscovy ducks account for
7% of the total population, with a small percentage
of geese. However, the distribution of Muscovy
ducks is not uniform. The most densely populated
areas are Phung Hiep and Long My districts, which
account for nearly 50% of the Muscovy ducks of the
whole province.

Muscovy ducks are raised at farmer households in
small flocks (10-30 birds/farmer household) com-
pared with the larger flocks of Pekin ducks. These
Muscovy ducks are raised all the year round, fol-
lowing the traditional habits of the farmers and fed
with self-processed bran of local feed grains. Small
flocks of muscovy ducks are usually of mixed ages.
There are just a few large flocks of 100-500
Muscovy ducks, concentrated mainly around Can
Tho City. These larger flocks of Muscovy ducks are
usually of the same age and fed with industrially-
processed feed.

The duck plague situation in Muscovy ducks in
Can Tho Province

The outbreaks suspected to be caused by duck plague
in Muscovy ducks are characterised by diarrhoea,
death in 2-3 days and no response to treatment.

No. Location Common (Pekin) ducks Muscovy ducks Geese
1 Can Tho City 134 120 11 373 391
2 O Mon District 665 170 24 877 1184
3 Thot Not District 389 380 15 653 1 080
4 Chau Thanh District 204 910 24 856 741
5 Chau Thanh A Dist. 225 090 24 220 758
6 Phung Hiep District 390 550 49 092 1355
7 Long My District 573 590 55 409 3402
8 Vi Thuy District 310 820 19 115 994
9 Vi Thanh Town 117 720 6 063 261
10 Collective farms 28 770 1 842 56
Whole province 3040 120 232 500 10 222
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Results from the interviews, conducted with more
than 4000 farmer households in the province by local
veterinarians and students of Can Tho University in
2002, are presented in Tables 2, 3 and 4.

Table 2. Geographical distribution of suspected duck
plague in Muscovy ducks in Can Tho Province during

2000-2002.

No. Location Total Diseased Affected
number of  Birds Percentage
birds (%)
surveyed
1 Can Tho City 3312 769 23.20
2 O Mon District 6 320 894 14.10
3 Thot Not District 5206 1157 22.20
4 Chau Thanh District 6 036 647 10.70
5  Chau Thanh A Dist. 5 900 1217 20.60
6 Phung Hiep District 7 413 666 9.00
7  Long My District 8 478 699 8.20
8 Vi Thuy District 5543 711 12.80
9 Vi Thanh Town 3176 670 21.10
Whole province 51 384 7431 14.50

Table 3. Distribution of suspected duck plague by month

of the year.
Month No. of Muscovy  No. of Muscovy Percentage
ducks surveyed ducks with (%)
suspected duck
plague
1 4560 547 12.00
2 5201 674 12.70
3 4 681 756 16.10
4 5228 1 005 19.20
5 3672 566 15.40
6 3116 406 13.00
7 3200 483 15.10
8 4192 505 12.00
9 4150 455 11.00
10 5120 493 9.60
11 4374 980 22.40
12 3 890 595 15.30
Total 51384 7431 14.50

Table 4. Distribution of suspected duck plague in Muscovy
ducks by age.

Weeks of age Infected birds Percentage (%)
04 625 8.40
5-12 1976 26.60
>12 4831 65.00
Total 7431 100.00

The suspected rate for duck plague in Can Tho
Province is only 14.5%. However, this rate is not
equally distributed in the province, being highest in

Can Tho City at 23.2% and lowest in Long My
District at 8.2%.

The level of probable duck plague infection in
Muscovy ducks is not as high as in common ducks.
This is probably due to the small size of flocks, and
their sparse distribution, with limited contact with
other types of ducks which reduces opportunities for
the spread of duck plague virus from flock to flock.
The infection resembling duck plague occurred
repeatedly among larger-size flocks of over 50 birds
that had not been vaccinated with duck plague
vaccine.

Probable duck plague outbreaks in Muscovy
ducks occurred fairly uniformly through the year.
The severe outbreaks seen in scavenging Pekin
ducks (ducks feeding themselves with fallen grain,
snails and fish in paddy fields) occurred rarely.
Minor peaks occurred from March to May and
November to December as occurs with duck plague
in Pekin ducks (Nguyen Duc Hien, 1997). This may
be due to the changing weather during this period
that partly affects the resistance of Muscovy ducks,
making them more susceptible to the disease.

The suspected duck plague affected Muscovy
ducks of all ages, but the rate of infection increased
with age. Like other types of ducks, adult Muscovy
ducks are quite susceptible to duck plague. Muscovy
ducks over 12 weeks of age suffered a morbidity rate
of 65%, while young Muscovy ducks (under 4 weeks
of age) accounted for only 8.4% of the total infected
birds during the survey period. Young Muscovy
ducks of local species are reputed to enjoy a higher
survival rate than other types of ducks.

Serological survey on the prevalence of duck
plague virus

In parallel with the retrospective survey by question-
naire forms, we took 882 serum samples from flocks
of Muscovy ducks that had not been vaccinated with
duck plague vaccine to detect duck plague virus
specific antibody. The results of the serological
survey are shown in Table 5.

The rate of positively reacting serum samples
against specific duck plague antigen for the whole
province was 15.4%. The rate of positive serum
samples varied greatly from place to place. The
highest rate of positive samples was from Chau
Thanh A District (36%) and Can Tho City (31.2%)
and the lowest in Phung Hiep District (5%) and Chau
Thanh District (5.7%).

Because of the unavailability of enzyme-labelled
anti-Muscovy duck antibody, we used goat anti-duck
HRP conjugate in the reaction. The following trial
was performed to validate this approach. We used
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goat anti-duck HRP conjugate to detect the
presence

Table 5. Antibody survey of Muscovy ducks not vacci-
nated with duck plague vaccine by duck plague indirect

Ab-ELISA.

No. Location where No. of No. of Percentage
samples were samples  positive (%)
taken tested  samples

1 Can Tho City 96 30 31.20

2 O Mon District 93 9 9.70

3 Thot Not District 118 23 19.50

4 Chau Thanh District 106 6 5.70

5  Chau Thanh A Dist. 89 32 36.00

6 Phung Hiep District 101 5 5.00

7  Long My District 90 9 10.00

8 Vi Thuy District 91 7 7.70

9 Vi Thanh Town 98 15 15.30
Whole province 882 136 15.40

of anti-duck plague virus antibody present in the sera
of ducks, Muscovy ducks and geese vaccinated with
duck plague vaccine and challenged with a virulent
duck plague virus 2 weeks post vaccination. All of
the duck and Muscovy duck serum samples became
positive in the ELISA reaction. In contrast, the per-
centage of ELISA positive goose sera was much
lower (about 30%). This may be due to the fact that
the genetic relationship between ducks and Muscovy
ducks is closer than between ducks and geese,
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resulting in cross-reaction between the anti-duck
antibody and Muscovy duck immunoglobulin but not
with goose immunoglobulin. We can conclude that
the results in the survey above are acceptable. Fur-
thermore, in the process of disease diagnosis at the
laboratory, we received duck plague suspected spec-
imens from Muscovy ducks which were positive by
antigen capture ELISA.

Duck plague in Muscovy ducks needs further
intensive study. The disease survey and the antibody
survey convince us that the problem in Muscovy
ducks is real.
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Isolation of reoviruses from Pekin ducks in Australia

Phin 14p reovirus tit vit Bic kinh & Uc

Zuhara Bensink, Joanne Meers, Peter Spradbrow

School of Veterinary Science, The University of Queensland, St. Lucia 4072, Queensland, Australia;
email: z.bensink@uq.edu.au

Abstract

With the aim of isolating herpesviruses, virus isolation was attempted from tissue samples from 73 ducks in Australia,
where duck plague is considered an exotic disease. No herpesviruses were isolated, but reoviruses were isolated from
9 ducks. Most of the isolates were obtained from samples of intestines and all of the 9 ducks that yielded reoviruses were
considered to be healthy. The viruses were isolated in duck embryo liver or kidney cells and caused cytopathic effect and
cell death. The viruses were passaged in embryonated duck eggs and the chorioallantoic membrane of the eggs showed a
pock-like thickening. The isolates were identified as reoviruses by their characteristic electron microscopic appearance. The
study highlights the importance of confirming the identity of viruses isolated from ducks. In countries where duck plague is
common, reoviruses could easily be misidentified as duck plague virus.

Tém tdt

Véi muc dich phan 1ap herpesvirus, phuong phdp phan lap virdt da dugc c6 ging thyc hién tir cdc miu md bao 1dy &
73 vit nudi & Uc ndi ma bénh dich ta vit (DTV) dugc coi 1a mdt bénh ngoai lai. Khong c6 herpesvirus nhung reovirus da
dugc phan 1ap tir 9 vit. Pa s cdc phan 14p virdt nhian dugc tir mau rudt va tit cd 9 vit mang reovirus déu khde manh.
Virtt duge phan 1ap trén t& bao gan hodc t€ bao thin phdi vit va tao bénh 1y t& bao (CPE) va giy chét cdc t&€ bao nay.
Cic phan 1ap nay dugc cdy chuyén vao phdi vit va CAM c6 bi€u hién sung day 1én gidng nhu ndt loét. Cac phan 1ap
déu dugc giam dinh 1a reovirus dya vio hinh thai dic trung cia ching trén kinh hién vi dién tir. Nghién citu di lam
sédng té tAm quan trong ctia sy nhan dang cac virtt dugc phan 1ap tir vit. G nhitng nudc dang cé bénh dich ta vit, reovirus
c6 thé bi nhan dang 1am 1a virit DTV.

Introduction Materials and methods

THE Australian Centre for International Agricultural Ducks

Research (ACIAR) provided funding for a project on Samples of liver, kidney, spleen, intestines and
the control and diagnosis of duck plague in Vietnam. trachea were collected from 73 ducks from farms in
The project involved collaboration between scientists ~ New South Wales, Australia. Of these ducks,
at the National Veterinary Company (NAVETCO) in 68 were considered healthy and the remaining
Vietnam, and the Australian Animal Health Labora- 5 were suffering from bacterial infections.

tory and The University of Queensland in Australia.
One of the objectives of the project was to develop
an improved vaccine for the control of duck plague. The tissue samples were homogenised using sterile
As part of this objective, virus isolation from ducks sand, phosphate buffered saline (PBS) and anti-
in Australia was attempted. The aim was to identify biotics and a mortar and pestle, to make a 20%
non-pathogenic herpesviruses that might be suitable suspension. The homogenate was stored for 1 hour at
vaccine candidates for use in Vietnam. 22°C, then centrifuged at 1000 g for 10 minutes.

Virus isolation
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Primary duck embryo fibroblast, liver and kidney
cell cultures were prepared from 14-, 19-, and 24-
day-old duck embryos respectively. The supernatant
was inoculated into these 3 types of cell culture and
3 blind passages were performed with a freeze-thaw
step between each passage. The cell cultures were
observed daily for cytopathic effect (CPE). The
sample was discarded if no CPE was observed in the
cell cultures. If CPE was observed, the freeze-
thawed cell culture material was inoculated onto the
chorioallantoic membrane (CAM) of 14-day-old
embryonated duck eggs and 3 passages were per-
formed. After 5-7 days incubation, all embryonated
eggs were examined for gross lesions.

Virus identification

A chloroform sensitivity test according to the
method of Feldman and Wang (1961) was performed
on virus isolates from cell cultures that showed CPE.
Briefly, 50 puL of chloroform was added to 1.0 mL of
the CPE-positive cell culture supernatant and vor-
texed for 10 minutes at room temperature. The mix-
ture was centrifuged for 5 minutes at 500 g and the
upper layer removed and inoculated into cell cul-
tures. Cell culture supernatant alone and mixed with
PBS were used as controls. The 3 samples were then
titrated in cell culture. If the titres of the 3 samples
were similar, it was concluded that the virus was
non-enveloped.

Electron microscopy (EM) was performed on cell
cultures that showed CPE. When CPE was evident,
the cell culture medium was removed, centrifuged
lightly and the supernatant used directly in nega-
tively stained EM. This procedure was performed at
the Animal Research Institute, Yeroongpilly.

Results

Viruses were isolated from 9 of 73 ducks. All of the
9 ducks were healthy. In cell cultures, a CPE of

syncytium formation and cell rounding followed by
cell death was observed. The lesion observed in
embryonated duck eggs was a pock-like thickening
of the CAM. All viruses were non-enveloped
(resistant to chloroform treatment) and 6 were identi-
fied as reoviruses by EM (Figure 1). The remaining
3 were also considered to be reoviruses based on
their CPE and the lesions on CAM. Most of the
viruses were isolated from the intestines and most
were isolated in duck embryo kidney cells. However,
reoviruses were also isolated from the trachea of one
duck and from the spleen, liver and trachea of
another duck. No herpesviruses were isolated.
Details are shown in Table 1.

Figure 1. Electron micrograph of reovirus particles isolated
in duck embryo liver cell culture from the spleen of a
3-week-old duck. Negatively stained with 1% phospho-
tungstate acid. Bar is 100 nm.

Discussion

Although herpesviruses were not isolated from the
ducks in this study, we isolated reoviruses from
9 birds. This demonstrates the importance of con-
firming the identity of virus isolates. In countries

Table 1. The isolation of reoviruses from Australian Pekin ducks.

Age of duck Organ Cell culture with first appearance of CPE Virus identified by
(weeks) (passage no.)
3 Spleen, liver, trachea Duck embryo liver (p3) EM
1 Intestine Duck embryo kidney (p2) EM
5 Intestine Duck embryo kidney (p2) EM
5 Intestine Duck embryo kidney (p2) EM
5 Intestine Duck embryo kidney (p2) EM
5 Intestine Duck embryo kidney (p2) EM
5 Intestine Duck embryo liver (p2) CPE & pocks on CAM
1 Intestine Duck embryo liver (pl) CPE & pocks on CAM
3 Trachea Duck embryo kidney (p2) CPE & pocks on CAM

CPE, cytopathic effect; EM, electron microscopy; CAM, chorioallantoic membrane.
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where duck plague is common, agents causing CPE
in cell cultures or embryonated eggs could easily be
misidentified as duck plague virus by inexperienced
staff. The confirmatory test used in this study (EM)
is not always available in countries where duck
plague occurs. Thus, more accessible and affordable
tests are required for identification of duck plague
virus. During the ACIAR project on duck plague, a
number of diagnostic tests were developed for the
detection of duck plague virus antigen or nucleic
acid (Morrissy et al., 2004). Some of these tests can
be performed in laboratories with basic facilities,
allowing a rapid and definitive diagnosis of duck
plague to be made. This study shows the importance
of performing such confirmatory tests.

Reoviruses are ubiquitous in many avian species
and, in general, do not appear to be associated with
severe disease (McNulty, 1993). All of the reoviruses
demonstrated in this study were isolated from
apparently healthy ducks. McFerran et al. (1976) iso-
lated a reovirus from the faeces of a healthy mallard
duck in Ireland. However, some avian reoviruses
have been shown to cause disease in their hosts.
Reoviruses are a primary cause of viral arthritis/teno-
synovitis in chickens (reviewed by Kibenge and
Wilcox, 1983). Reoviruses have been associated with
outbreaks of disease in Muscovy ducks (Malkinson et
al., 1981; Ziedler et al., 1988). The most common
features of the disease were pericarditis, and hepatic
and splenic necrosis, with mortality rates of 10-35%
reported. Researchers in a number of countries were
able to reproduce the disease in Muscovy ducks fol-
lowing inoculation with the reovirus (Malkinson et
al., 1981; Marius-Jestin et al., 1988; Ziedler et al.,
1988). A reovirus was isolated from a similar disease
syndrome in geese in Hungary (Palya et al., 2003)
and a reovirus was considered to be involved in
disease outbreaks in common eiders (Somateria mol-
lissima) in coastal Finland (Hollmen et al., 2002). In
both of these reports, the diseases were reproduced in
experimental infections with the reovirus. Finally,
reoviruses have been shown to play a potentiating
role in coccidial and cryptosporidial infections in
chickens and quails (Guy et al.,, 1988; Ruff and
Rosenberger, 1985). The pathogenicity of the 9 iso-
lates obtained in this study is unknown. Inoculation
trials could be conducted using ducks of various ages
to determine if these isolates are capable of causing
disease.
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The occurrence of duck plague in duck flocks scavenging
rice fields in Can Tho province and field vaccination trials

Nguyen Duc Hien (1997), M.Sc. Thesis. Can Tho University, Vietnam.

Abstract

Can Tho is a province on the Mekong delta where farmers produce large numbers of ducks. Infectious disease, especially
duck plague, threatens rural livelihoods. During 1997 studies were undertaken in the field, at the Agricultural Breeding
Centre of Can Tho, at the Can Tho Veterinary Service and at NAVETCO. The studies aimed to confirm the importance of
duck plague in the area and to establish the efficacy of vaccination.

Samples were collected from 76 ducks suspected of having duck plague at 8 different sites in Can Tho. Of these samples
26 (34%) were positive by antigen capture ELISA and 17 (65%) of these yielded isolates of duck plague virus. Duck plague
was most prevalent in districts with the highest densities of duck populations. Peak prevalence was in March.

Methods of vaccination were compared. Ducklings were vaccinated twice, at 1 and 21 days of age. They received either
2 intramuscular injections of vaccine, 2 vaccinations by eye drop, or eye drop vaccination followed by intramuscular injec-
tion.

ELISA antibody titres, measured 1 and 2 months after the last vaccination were similar in all groups. Protection against
artificial challenge 2 months after the last vaccination was greatest (85%) in the group receiving 2 intramuscular injections.
Protection in the other 2 groups was 70%. Control ducks produced no antibody and all died on challenge.

In a further experiment, the age at vaccination was varied — at either 1 and 21 days, 7 and 28 days or 14 and 35 days. In
all groups the first vaccination was by eye drop and the second by intramuscular injection. ELISA antibodies and protection
against challenge were established 2 months after the last vaccination. Antibody titres and protection (95%) were highest in
the group receiving the final vaccine at 35 days. Protection levels were 80% and 85% in the other groups.

Statistical analysis indicated that intramuscular vaccination was more effective, and that the optimal response was
obtained if the first vaccination was delayed until 14 days of age.

Bénh dich td vit § dan vit chay dong & tinh Can Tho va céc
th nghi€ém qui trinh tiém chﬁr}g vicxin trong di€u kién sin
xuat

Nguyé&n Pic Hién (1997). Luan 4n Thac si. Trudng Pai hoc Can The, Viét nam

T6m tit

Can Thd 1a mot tinh & chau thd song Mékdng ndi ngudi ndng dan nudi rit nhiéu vit chay ddng. Bénh truyén nhiém,
dic biét 1a dich td vit (DTV) thudng xuyén de doa cudc s6ng clia ngudi nong dan. Céc thi nghiém dugc thyc hién trong
nim 1996-1997 & Trung tim gidng Nong nghiép, Chi cuc Thi y tinh Cin Tho va Cong ty Thudc Thi y TW2. Muc dich
nghién cttu nhim khing dinh tAm quan trong ctia bénh dich t4 vit trong tinh va d€ xay dung quy trinh tiém chiing phong
bénh dat hi€u qué cao.

M4Au bénh phdm dugc thu thap tir 76 vit nghi mdc bénh dich ta vit & 8 dia di€m khéc nhau cda tinh Cin Tho. Trong
s6 nhitng miu ndy c¢6 26 miu duong tinh dudc phat hién bing ky thuat Ag-ELISA va 17/26 miu phan lap dugc virit
DTV. Dich t3 vit luu hanh nhiéu nha't § cdc huyén nudi vit chay ddng v6i mat do cao. Bénh x?fy ra nhiéu nhit vao thing Ba.

Cic phuong phép tiém chiing da dugc so sanh. Vit con dugc tiém ching 2 14n vao 1 va 21 ngay tudi. Vit con dudc
chling vicxin 2 1an biing phuong phdp tiém bip thit hogc 2 1dn nhd mit hodc 1an diu nhé mat 1an hai dugc tiém bap thit.
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Hiéu gid khang thé ELISA do vao lic mdt thang va 2 thang sau khi tiém chﬁng vdcxin 1an 2 tuong ty & cd 3 nhém. Ty
1& bio ho khi cdng cudng ddc vao thang thit hai sau l1an tiém chiing cudi cung cao nhit & nhém tiém bip thit (85%). Ty
1€ bdo hd ¢ 2 nhém con lai 1a 70% Nhém ddi chitng khdng tao khang thé va tat ci v1t déu chét khi cong cu’dng doc

& mot thi nghiém ti€p theo, tudi vit con dlrdc tiém chiing thay d6i tir 1-21 ngay tudi d&n 7-28 va 14-35 nay tudi. T4t
¢4 cdc nhém vit thi nghiém dudc chling vicxin bing phuong phdp nhd mit vio 1An diu va tiém bip vao lan thi hai.
Hiéu gid khang thé ELISA va ty 1& bio ho khi thit thich cudng doc duge ddnh gid vao thang thi 2 sau lan tiém chiing
cudi cuing. Hiéu gid khdng thé va ty 1& bio hd cao nhit (95%) & 16 vit dugc tiém chiing vicxin vao 14 va 35 ngay tudi.
Ty 1€ bdo hd & 2 16 khédc 1a 80 va 85%.

K&t qua phan tich thong ké cho thdy phu’dng phép tiém bap thit c6 hiéu qua hon va ddp ¢ng t6i vu nhan dugc khi tiém
chiing 1an d4u thyc hién vao lic 14 ngay tudi.
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Improving capacity to control Newcastle disease and
duck plague in village poultry

Brigitte Bagnol

Postnet suite 118, Private Bag X1, Melrose Arch 2076, South Africa, bagnolbrigitte @icon.co.za
From a report prepared for NAVETCO, the University of Queensland and the Australian Agency for
International Development (AusAID); December 2001.

Executive summary

The present report is part of the project ‘Improving
capacity to control Newcastle disease and duck
plague in village poultry’ financed by the Australian
Agency for International Development (AusAID)
and implemented in collaboration with NAVETCO,
a state commercial company that produces veterinary
pharmaceuticals in Ho Chi Minh City. During 5 days
of field work in Dong Thap Province, in the Mekong
Delta area, interviews were held with Women's
Unions, Farmers’ Associations, veterinary and exten-
sion services, local veterinarians as well as female
and male farmers. Information was collected in order
to describe the current situation with regard to
poultry production by small farmers and to con-
tribute to the improvement of extension method-
ologies and the sustainable usage of the Newcastle
disease and duck plague vaccines.

In Dong Thap, there are approximately 2 million
chickens and 2 million ducks, most of them (80%)
kept by small farmers. Poultry are found everywhere
in rural areas and are an integral part of the local
farming systems. Each family has an average flock of
about 10 chickens and 10 ducks. The daily manage-
ment of small flocks of poultry is usually the respon-
sibility of women and children. Women are
responsible for poultry management because they stay
at home most of the time while men go to the field,
to fish or to the market. When the birds are sick and
die, people often eat them and bury the feathers and
other unused parts. Poultry meat and eggs are quite
popular in the Mekong Delta and one-third of the
household production is used for home consumption.
The largest problem in poultry raising is the losses
from Newcastle disease and duck plague with a mor-
tality rate up to 100% in village flocks. The Australian
Centre for International Agricultural Research
(ACIAR) projects implemented by NAVETCO and
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the University of Queensland have led to the
development of appropriate vaccines to protect both
chickens and ducks from these diseases.

Most of the veterinary and extension activity is
concentrated on large and medium poultry produc-
tion — for which there is a program of vaccination
and extension material (booklets and leaflets) — and
is male dominated. Extension services in each district
are limited to one veterinarian who works in coordi-
nation with the local veterinarians and local people’s
organisations (Farmers’ Associations and Women’s
Unions). There are 210 veterinary pharmacies, of
which 31 are allowed to sell vaccine because they
have cold storage facilities. A wide network of 373
local veterinarians (17 women and 356 men) pro-
vides assistance to the farmers in Dong Thap
province. Small poultry producers receive veterinary
information through the Farmers’ Associations and
Women’s Unions. Regular meetings are carried out
by these organisations in communities where leaders
deliver information relating to political, social, agri-
cultural and veterinary issues.

Unlike intensive poultry producers, small poultry
producers have no access to vaccine. As yet no vac-
cination program has been established for small
poultry producers, and no adequate training or organ-
isation is in place to carry out regular vaccination
campaigns. The commercialisation, since 1995, of
the thermostable I-2 vaccine by NAVETCO allowed
the development of initiatives by local veterinarians
and Farmers’ Association leaders, to vaccinate small
flocks. However, when vaccination is carried out it is
not performed on a regular basis. This vaccine,
because it is heat tolerant and simple to administer
(via eye drop, food or drinking water), can be easily
used by small farmers in remote areas.
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The current poultry production situation offers a
very interesting opportunity to develop, on a pilot
basis, a vaccination campaign for small poultry
producers in 2 or 3 districts of Dong Thap province.
Specific recommendations for small-scale female
farmers and appropriate, gender sensitive extension
material (eg radio programs) should be developed.
The need to target female farmers lies mainly in the
fact that women are the main actors in poultry raising
and not merely the wives of male farmers. A shift has
to be encouraged for researchers, veterinarians and
extension agents to recognise that female farmers are
farmers in their own right with specific charac-
teristics and needs. Information that is to be delivered
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has to be tailored to women's needs. A training
manual for vaccinators (local veterinarians, Farmers'
Associations and the Women's Union leaders) should
be developed to guarantee adequate training and
replicability of the project. A vaccinator’s manual
with a system of monitoring field activities should
also be prepared. Adequate evaluation of the pilot
project should be carried out with a preliminary base-
line survey in a small but representative number of
villages. To guarantee that the I-2 vaccine is used
with success, the accompanying instruction sheet
should be clearer in relation to the dilution of the vac-
cine and the use of appropriately tested and calibrated
eye-droppers.
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