UNIVERSITI PUTRA MALAYSIA

A STUDY ON A VELOGENIC VISCEROTROPIC NEWSCASTLE
DISEASE VIRUS IN VITRO AND IN VIVO

LAI CHOOI MAY

FPV 1985 1



A STUDY ON A VELOGENIC VISCEROTROPIC NEWCASTLE DISEASE VIRUS

IN VITRO AND IN VIVO

by

Lai Chooi May

A thesis submitted in partial fulfilment of the
requirements for the degree of Doctor of Philosophy
in the Faculty of Veterinary Medicine and Animal Science,
Universiti Pertanian Malaysia.

April, 1985



TO CHEE-YIN AND ELAINE



ACKNOWLEDGEMENT

I take this opportunity to express my thanks to my super-
visor, Professor Abdul Latif Ibrahim, for his invaluable advice

and guidance throughout the duration of this study.

Thanks are also due to Dr. Chulan for his help in certain

aspects of my work.

I am grateful to the staff of the Electron Microscope Unit,
Puan Aminah Jusoh and Mr. Ho Oi Kuan; and the staff of the
Virology Laboratory, Ms. Tan Saw Eng, Puan Rodiah and Puan

Rahmah; for their invaluable assistance.

I am also thankful to Ms. Low Lai Kim for helping me type

part of the initial draft.

Special thanks are due to my parents, Chee-Yin and Elaine

for the sacrifices they have made during the course of my study.

iii



NO.

10.

1]y

12.

13.

14.

15,

i6.

1977

18,

19,

20,

TITLE PAGE

DEDICATION

TABLE OF CONTENTS

ACKNOWLEDGEMENT

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

ABSTRACT

ABSTRAK

CHAPTER 1

CHAPTER 2

e

CHAPTER 3

CHAPTER 4 :

CHAPTER 5

CHAPTER 6 :

CHAPTER 7

CHAPTER 8

CHAPTER 9

CHAPTER 10

APPENDICES

PUBLICATIONS

INTRODUCTION
LITERATURE REVIEW

CHARACTERIZATION OF VIRUS
CYTOPATHOGENICITY OF VELOGENIC VISCERO-
TROPIC NEWCASTLE DISEASE VIRUS

IN VITRO REPLICATION OF VELOGENIC VIS-
CEROTROPIC NEWCASTLE DISEASE VIRUS
ELECTRON MICROSCOPY OF NORMAL CHICKEN
TRACHEAL EPITHELIUM

THE EFFECTS OF VELOGENIC VISCEROTROPIC
NEWCASTLE DISEASE VIRUS ON NONVACCINATED
CHICKENS

THE EFFECTS OF VELOGENIC VISCEROTROPIC
NEWCASTLE DISEASE VIRUS ON CHICKENS
VACCINATED AGAINST NEWCASTLE DISEASE
GENERAL DISCUSSION AND CONCLUSION

BIBLIOGRAPHY

iv

Page

ii

iii

iv

vi

Xxv

xviii

42

55

71

96

115

145

173
179

197



Table

8.1

LIST OF TABLES

Results of lesion scores and virus isolation
for the infected chickens

Results of lesion scores and virus isolation
for the infected chickens vaccinated against
ND (day © to day 9 PI)

Page

127

156



Figure

85t

3.2

8l43

4.1

4.5

4.6

4.8

4.9

LIST OF FIGURES

The NDV particles are sedimented at the light
scattering band at the interphase between the
55%-58% sucrose solutions.

NCEM of purified VVNDV showing their pleomor-
phic nature.

NCEM of purified VVNDV. The coat of the virion
included a definite membrane (m) with a cover-
ing of projections 10-12 nm long.

NCEM of purified VVNDV showing the helical
nucleocapsids released from disrupted VVNDV
particles. Note the serrated edges of the

nucleocapsids.

Control cultures consisting of spindle-shape
cells. Magnification : 200 X

Polykaryocytes consisting of 3 to 5 nuclei 4
hours PI, Magnification : 350 X

Polykaryocytes formed 18 hours PI. They appeared
rounder and were made up of more nuclei. Note
arrangement of nuclei around a more granular
cytoplasm, Magnification : 220 X

CEF monolayer with 50% of the nuclei involved in
the polykaryocytes 24 hours PI. Magnification:45X

CEP monolayer with 80% of the nuclei involved in
the polykaryocytes 8 hours PI. Magnification:45X

Polykaryocytes consisting of nuclei clustered
and resembling giant cells. Magnification:350X

Fusion of the whole monolayer 64 hours PI.
Magnification : 220 X

Remaining patches of fused CEF monolayer 72
hours PI, Magnification : 45 X

Foci of haemadsorption 16 hours PI.
Magnification : 350 X

vi

Page

53

53

54

54

65

65

66

67

67

68

68

69



4.10

o2

5.3

5.6

5.7

5.10

S.11

5.12

Foci of haemadsorption 24 hours P1. These foci
normally corresponded with the position of the
polykaryocytes. Note the increase in number of
R8C per foci. Magnification : 350 X

Foci of haemadsorption from 48 hours PI became
less distinct and the RBC appeared to be dis-
tributed throughout. Magnification : 220 X

Uninfected vero cells with no fluorescence 24
hours PI. Magnification : 1000 X

VVNDV-infected vero cells stained with labelled
globulin. Note the fluorescent foci 24 hours PIX.
Magnification : 1000 X

Small dense specks of fluorescece in the cyto-
plasm around the nucleus 4 hours PI,
Magnification : 400 X

Labelled-globulin stained uninfected cells with
no fluorescence. Magnification : 400 X

Fluorescent foci 18 hours PI. Note the increase
in size and the ‘'corona' formed around the
nucleus. Magnification : 400 X

Fluorescent foci scattered throughout the cyto-
plasm of the infected CEF cell 24 hours PI.
Magnification : 400 X

Fluorescent foci seen in some vacuole-like stru-
tures within the cytoplasm. Magnification : 400X

Uninfected CEF cells with mitochondria (m),
vacuole (v) and nucleolus (n).

VVNDV-infected CEF 14 hours PI. Note increase in
number of vacuoles (v).

Aggregates of nucleocapsids (NC) near the nucleus
{N) 16 hours PI,

Modified cell membrane (arrows) near nucleocapsid
aggregates (NC) 16 hours PI. Note the extramem-
branous coat (s) in inset which corresponded to
the filamentous projections in negatively stained
preparations.

Extensive maturation of virus particles (arrows)
at the plasma membrane 18 hours PI.

vii

69

70

87

87

88

88

89

89

89

90

90

91

91

92



5.13

5.14

5.15

5.16

5.17

5.18

6.3

Budding of virus (arrows) 18 hours PI. Note
nucleocapsids (NC) and detached complete virus
(inset).

Filamentous form of VVNDV. Note spiral arrange-
ment of the nucleocapsid ribbons along its en-
tire length.

Filamentous form of VVNDV with club-like end.
Note its extramembranous coat (S).

Fully formed bud with triple-layered membrane
which was continuous with the adjacent cell
membrane 24 hours PI.

More viruses budding from cell membrane with in-
crease in time of infection. Note presence of
complete virus (arrow) in cytoplasm and rosettes
of glycogen. Inset : High magnification of the
complete virus. (48 hours PI).

Highly altered cell devoid of cytoplasm 64 hours
PI. Note electron dense granules (g) present in
the nucleus, highly dilated and degenerate mito-
chondria (m) and nucleocapsids (NC).

HI titres of nonvaccinated chickens,

TEM Pseudostratified ciliated epithelium of the
chicken trachea comprised of ciliated cells (CC),
mature goblet cells {(GC) and basal cells (BC);
all resting on the basement membrane (bm)

TEM An immature goblet cell covered with elec-
tron dense microvilli (mv). Note the abundance
of rough endoplasmic reticula (er)} around the
nucleus and the electron dense granules (g).

SEM The surface of the chicken tracheal epithe-
lium showing ciliated cells and nonciliated
cells with microvilli, the latter were comprised
of mature goblet cells (GC) and the immature or
discharged goblet cells (GC'). Inset showing the
smooth and straight surface and rounded tip of
each Filium.

TEM The ciliated cells were covered with cilia

(c) and microvilli (mv) and had oval-shaped and

often indented nuclei (n). ci:cytoplasmic inter-
digitations, m:mitochondria, ni:nucleolus.

Inset showing cross section of cilia with a 9+2

arrangement of microtubules.

viii

92

93

93

94

94

95

107

108

109

110

111



6.6

6.8

6.9

6.10

6.11

6.12

6.13

e

7.2

7.3

7.4

TEM Rootlets (rt) with cross striations extend
from the basal bodies (bb) of ciliated cells.,

TEM Branching microvilli of ciliated cell.

TEM A mature goblet cell with characteristic
goblet shape releasing mucous granules (g) into
the lumen throuhg pits or pores (p). A Nucleus
is present at the basal region together with
mitochondria (m) which are normally present
between the granules.

TEM Release of mucus through a pore (p).

SEM A mature goblet cell with a characteristic
goblet shape protruding out into the lumen of
of the trachea. Only sparse microvilli are
present.

SEM A group of mature goblet cells, Note the
sparse microvilli on the peripheral surface.

SEM Mucus fixed in situ (X) released from crater
-like structure (arrow). Note the discharged gob-
let cells having a surface resembling that of a
brush cell,

TEM Basal cells forming a single row immediate-
ly above the basement membrane (bm). Note the
wide irreqular intercellular space around them,
large nucleus (n) and dense clumps of chromatin
and nucleolus (ni). m:mitochondria

HI titres of nonvaccinated chickens.

Hyperplasia and hypertrophy of goblet cells day
1; PI.

A hypertrophied goblet cell with globular pro-
cesses and sparse microvilli day 1 PI.

Globular particles found in localized areas of
the tracheal epithelium with tips of cilia ad-
hering to them on day 1 PI. Inset : Higher mag-
nification of one of the globular particles.

Deformed cilia with swollen and hooked tips,
kinks and blebs on day 2 PI.

Disoriented and matted cilia on day 2 PI.

Disoriented and deformed cilia on day 2 PI. Note
the hooked and swollen tips of the cilia.

ix

112

112

112

2152

113

113

114

111

128

129

129

130

130

130

131



7.8

7.9

7.10

7.12

7.15

7.16

7.17

7.20

7.21

7.22

Rupture of the goblet cells observed on day 5 PI.
Inset : Higher magnification of the ruptured
goblet cells.

Excess mucus forming blankets on top of the cilia
day 5 PI.

Erythrocytes found in cavities on the epithelial
surface day 6 PI.

Spindle-shaped cells, probably thrombocytes,
found in cavities on the surface of the tracheal
epithelium day 7 PI.

Spongy appearance of the tracheal epithelium as
a result of exposure to a large number of sub-
mucosal glands day 7 PI.

Exposed blood vessel,

Deciliation. Note decrease in number of cilia
and ciliated cells and the few cilia remain-
ing in some cells day 7 PI.

Furrows of nonciliated but microvilli-covered
cells on the tracheal epithelium. There is a
marked decrease in the proportion of ciliated
to nonciliated cells day 8 PI.

Pseudodiptheroid epithelium visible in areas
of cilia absence on day 9 PI,

Cell debris, macrophage and sloughed-off cell
on the pseudodiptheroid epithelium.

A sloughed-off ciliated cell.

Hyperplasia of the basal cells, probably in an
attempt at regeneration to replace the lost
epithelial cells day 9 PI.

Hyperplasia of the basal cells. Hyperplastic
cells appear to be filling up the cavities
in the denuded epithelium.

Loosening of the cell membrane dvue to inter-
cellular fluid accumulation which appeared to
contain fibrinous materials on day 3 PI. Note
the 'spinous' appearance of the cells,

Hyperplasia and hypertrophy of goblet cells on
day 4 PI. Note spinous histologic appearance and
the large number of fibrinous material filled-~
vacuoles (v).

'8

132

132

132

133

1183

134

134

135

135

135

136

136

137

13



7.23

7.24

7.30

7.3L

7.32

7.33

7.34

5315

Virus budding from microvilli day 6 PI.

Aggregates of nucleocapsids (NC) found near
nuclear membrane day 6 PI.

Aggregate of nucleocapsid (NC) in ciliated cell
on day 7 PI. Inset : Higher magnification of the
nucleocapsids.

Virus budding from vacuolar membrane day on 7 PI.

A complete virus in a vacuole-like structure
within the cytoplasm.

Thickened cell membrane (arrow) and row of
nucleocapsid tubules (NC) just beneath it in
zones of viral budding.

Detachment of epithelial cells leaving behind
some basal cells and some undifferentiated cells
on day 6 PI.

Unlike the orderly arranged basal bodies in un-
infected ciliated cells, the basal bodies (bd)
in infected cells were in disarray. Note the two
cilia enclosed in membrane-like structure on day
7 PI.

Inflammation in the trachea caused by VVNDV from
day 7 PI. Note dilation of postcapillary venule
(V) and accumulation of fluid around it and be-
tween the detached epithelial cells and macro-
phages (M) and heterophils (H) fixed during
migration to the lumen of the trachea. Also note
absence of cilia and presence of basal bodies
{bd) which are in disarray.

Macrophage (M} on surface of epithelium and pre-
sence of cilia in phagosomes (arrows) on day 8 PI.

Heterophils (H) on surface of epithelium on day
8 PI. Note cilia in the process of being phago-

cytized (arrow).

Intranuclear inclusion (IN) present in some cells
on day 8 PI.

Mast cell found in the epithelium on day 9 PI.
Note membrane-bound aggregates of rodlets (R) and

the large dense granules (g).

HI response of vaccinated chickens

xi

138

138

139

139

140

140

141

141

142

143

143

144

144

157



8.5

8.6

8.10

8.11

8.12

8.13

8.14

8.15

The densely ciliated tracheal epithelium of vac-
cinated chickens.

Hyperplasia and hypertrophy of goblet cells on
day 5 PI. Note the enlarged goblet cells extend-
ing above the ciliated cells.

Presence of droplets of mucus on cilia. Note
deformed and disoriented cilia and enlarged
goblet cells (GC) on day 6 PI.

Nonciliated patches amidst densely ciliated
epithelium on day 6 PI.

Exposure of submucosal glands 7 days PI. Note
deciliated region and presence of remnants of
cilia standing out like flag staffs and the
longer microvilli at the boundary of each de-
ciliated cell,

Deciliated but microvilli-covered region scat-
tered amongst remaining ciliated cells and
hypertrophied goblet cells on day 7 PI.

Increase in the number of exposed submucosal
glands as well as nonciliated areas on day 8 PI.

Higher magnification of Fig. 8. Note the poly-
gonal outline of the deciliated cells.

Clumps of goblet cells still present and remain-~
ing ciliated cells day 8 PI.

Aggregates of lymphocyte-like particles measur-~
ing 3000-4000 nm on the surface of the tracheal
epithelium day 8 PI.

Higher magnification of the lymphocyte-like
particles. Note their rough surface and note
presence of some erythrocytes and goblet cells
day 8 PI.

Oedematous epithelial surface covered with a lot
of debris and blankets of mucus on day 8 PI.

Morphology of tracheal epithelium day 9 PI. Note
the ‘'cleaner' appearance of the surface and the
presence of some pleomorphic cells on day 9 PI.

Presence of some pleomorphic cells which appear-

ed to be filling up the previously exposed sub-
mucosal glands on day 9 PI.

xii

158

158

159

159

160

160

lel

lel

162

162

163

163

164

164



8.16

8.17

8.18

8.19

8.20

8.21

8.22

8.23

8.24

8.25

8.26

8.27

Increase in number of ciliated cells and number
of cilia per cell on day 11 PI.

Densely ciliated epithelium with some noncilia-
ted patches amidst on day 12 PI.

Morphology of tracheal epithelium resembling that
of the vaccinated controls day 13 PI,.

Morphology of the tracheal epithelium day 4 PI.
Presence of slight exudation and granular
material filling the intercellular spaces. Note
increase in vacuoles (v), myelinated figures (f)
and mitochondria (m),

Hyperplasia and hypertrophy of goblet cells on
day 5 PI.

Discharge of mucus from a hypertrophied goblet
cell, Note presence of mucus above the epithe-
lial cells day 5 PI.

Plasmacytes, characterized by the cartwheel
appearance of the nucleus and the abundant
rough endoplasmic reticula (er) were present
in the vicinity of the basal cells day 5 PI.

'Spinous' histologic appearance of the cells due
to exudation. Note granular material in inter-

cellular spaces and fibrillar material in vacuoles

day 6 PI,

Infiltration by macrophages (M), heterophils (H),
lymphocytes (1) and presence of erythrocytes (E)
on day 6 PI., Note granular and fibrillar ma-
terials in the post capillary venule and inter-
cellular spaces.

Deciliation in some parts of the epithelium
day 6 PI. Basal bodies of the remaining cilia
were in disarray {(arrows).

Stacked cisternae (C) present in some epithelial
cells on day 6 PI. There was also a marked in-
crease in the number of mitochondria.

Morphology of tracheal epithelium day 8 PI. The
pseudostratified columnar epithelia typical of
normal chickens was missing. The epithelium was
comprised of leucocytes and remaining epithelial
cells, deciliation was distinct.

xiii

165

165

166

166

167

167

168

168

169

ie9

170

170



8.28

8.31

Widespread infiltraton by leucocytes and pre-
sence of erythrocytes on day 8 PI. Epithelial
cells appeared desguamated.

Sloughed-off ciliated cell (CC) being engulfed
by a macrophage (M) on day 8 PI.

Morphology of the tracheal epithelium day 10
PI, Presence of discharged goblet cells and a

lot of pleomorphic cells in the basal region.

Morphology of the tracheal epithelium day 12 PI
closely resembled that of the uninfected chickens

xiv

171

171

172

172



An abstract of the thesis presented to the Senate of
Universiti Pertanian Malaysia in partial fulfilment of the
requirements for the Degree of Doctor of Philosophy.

A STUDY ON A VELOGENIC VISCEROTROPIC NEWCASTLE DISEASE VIRUS
IN VITRO AND IN VIVO
by
Lai Chooi May

April, 1985

Supervisor : Professor Abdul Latif bin Ibrahim

Faculty : Veterinary Medicine and Animal Science

The velogenic viscerotropic Newcastle disease virus or the
Asiatic strain has been considered the most virulent strain of
Newcastle disease virus. It is commonly found in Southeast Basia
and it has been known to cause 100% mortality in susceptible
flocks. In spite of this, very little research has been conducted
on it as many countries prohibit the handling of this strain of
virus. In view of this, a project has been undertaken at Univer-
siti Pertanian Malaysia to study the biological properties, cyto-
pathogenicity and morphogenesis of a locally isolated velogenic
viscerotropic Newcastle disease virus and to determine its
effects on the trachea of nonvaccinated and vaccinated chickens.

The in vitro study has shown that this virus has a mean
death time of 66 hours, and an intracerebral pathogenicity index
of 1.90. Polykaryocytosis 1is the principal form of cytopathic
effect it produces in chick embryo fibroblasts and cells infected
by it haemadsorp red blood cells. This virus plaques in cell

culture. Negatively stained virus particles have diameters
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ranging from 100 to 600 nanometers. Electron microscopy demon-
strated that the virus replicates in the cytoplasm of infected
cells and aggregates of nucleocapsids are found in the cytoplasm.
The virus matures at the cell membrane and 1is released by
budding.

The effects of the virus on the tracheal epithelium was
evaluated by virus isolation and scanning and transmission elec-
tron microscopy. This virus causes severe ultrastructural altera-
tions in the nonvaccinated chickens and it could be isolated
from the tracheas of all the infected chickens from day 4 post-

infection. None of these chickens survived past day 10 post-
infection. In the vaccinated chickens, differences were observed.
Besides a delay in the onset and a decrease in severity of the
damages, the vaccinated chickens were apparently normal through-
out the experiment with no death recorded and virus could only be
isolated from some of the chickens from day 6 to 9 postinfection.
Complete regeneration of the damaged epithelium was accomplished
by day 13 postinfection.

This study presents for the first time detailed information
on the in vitro properties of a 1locally isolated velogenic
viscerotropic Newcastle disease virus. Such information is useful
in differentiating the virus from the vaccine strains present,
thereby assisting in the diagnosis of the disease. It also pro-
vides a basis for understanding the behaviour of the virus in the
host. Information on its replication at the site of entry as well
as on the response of the vaccinated and nonvaccinated chickens
to the virus suggest not only the importance of vaccination but
also the call for a good vaccination programme in the control of

the disease. The study has also thrown light on the possible

xvi



epidemiology of the virus in relation to the poultry industry in

Malaysia.
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Virus sampar ayam velogenik viscerotropik atau strain Asia
dianggap sebagai jenis virus sampar ayam yang paling virulen.
Virus ini biasanya didapati di Asia Tenggara dan dapat mengakibat
kematian 100% dalam kelompok ayam yang suseptibel. Walaubagai-
manapun, penyelidikan mengenai virus tersebut tidak banyak
dijalankan. Ini disebabkan banyak negara melarang menjalan kajian
mengenai virus ini. Memandangkan hal demikian, satu projek telah
dijalankan di Universiti Pertanian Malaysia untuk mengkaji ciri
biologi, sitopatogenisiti dan morfogenesis virus sampar ayam
velogenik viscerotropik yang telah diasingkan di negara ini,
Projek ini juga mengkaji kesan virus tersebut pada trakea ayam
yang sudah disuntik dan tidak.

Kajian in vitro menunjukkan bahawa virus ini mempunyai
purata masa kematian 66 jam dan indeks patogenisiti intraserebe-

rum 1.9, Polikaryositosis merupakan bentuk sitopatik utama yang
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didapati pada fibroblast embrio ayam dan sel yang dijangkiti
hemadsorp sel darah merah. Virus tersebut membentuk plak pada
kultura sel. Partikel virus yang diwarna negatif mempunyai dia-
meter diantara 100 hingga 600 nanometer. Mikroskopi lektron
menunjukkan virus tersebut membiak dalam sitoplasma sel yang
dijangkiti dan agregat nukleokapsid didapati dalam sitoplasma.
Virus tersebut matang dekat diselaput sel dan bebas secara
penunasan.

Kesan virus tersebut kepada epitelium trakea telah dinilai
dengan pengasingan virus dan mikroskopi lektron transmissi dan

skanning. Virus tersebut menyebabkan perubahan ultrastruktur pada

ayam vyang tidak disuntik dan virus dapat diasing dari trakea
semua ayam yang dijangkiti mulai hari ke 4 selepas dijangkiti.
Tiada seekor ayam pun yang hidup lebih daripada hari ke 10 sele-
pas dijangkiti. Perbezaan dapat dilihat pada ayam yang di suntik.
Selain daripada permulaan kerosakan yang lambat dan pengurangan
tahap kerosakan, ayam yang disuntik kelihatan sehat tanpa apa-apa
tanda sakit. Tiada kematian berlaku dan virus hanya dapat diasing
daripada beberapa ekor ayam pada hari ke 6 hingga 9 selepas
dijangkiti, Regenerasi yang lengkap pada sel yang mengalamai
kerosakan dicapai pada hari ke 13 selepas jangkitan.

Kajian ini ialah yang pertama kalinya memberi maklumat yang
lengkap mengenai ciri in vitro virus sampar ayam velogenik visce-
rotropik yang diasingkan di negara ini. Maklumat tersebut berguna
untuk membezakan virus ini daripada virus strain vaksin, Ini
dapat membantu dalam diagnosa penyakit ini. Ciri in vitro virus
ini juga memberi asas untuk mengetahui kelakuan virus ini pada
perumahnya. Maklumat mengenai pembiakan virus di tempat masuk

dan juga respon ayam yang sudah disuntik dan yang tidak terhadap
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virus itu bukan sahaja menunjukkan ayam perlu disuntik, tetapi
satu program suntikan yang baik untuk mengawal penyakit tersebut

perlu dirancang. Kajian ini menunjukkan kemungkinan epidemiologi

virus ini ada hubungan dengan perusahan ayam di negara ini.
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CHAPTER 1

INTRODUCTION

Newcastle disease (ND) 1is a very important disease of
chickens in many parts of the world. The disease 1is highly
infectious and contagious and it is characterized by high
mortality and morbidity, loss in body weight and drop in egg
production. ND was first reported near Batavia, on the island of
Java in Indonesia, by Kraneveld in 1926 (Brandly, 1964}. The
mortality rate was very high and within six months, the infection
spread over the entire island. In the same year, this disease was
recognised in two other widely separated places; on a poultry
farm near Newcastle-on-Tyne in England by Doyle (1927) from which
the common name of the disease is derived, and in Korea by Konno
et al (1929) (cited in Brandly ,1964) who described it as an
acute and usually fatal respiratory and nervous disease.

Within three years of the first outbreak, ND spread
throughout the whole of Southeast Asia (Lancaster, 1966) which
has now become the home of ND virus (NDV}, Australia {Johnstone,
1931) and India (Brandly ,1964). In the United States, ND was not
recognised until 1944 (Beach, 1944) in California although there
is good evidence to believe that the NDV had been present for
some years before that date. This delay in identification could
be attributed to the difference between the American and the
Asian and English outbreaks : the American ND was much milder,
often with low mortality, longer «clinical course and less

pronounced haemorrhagic, inflammatory and necrotic lesions in the





