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Molecular epidemiological analysis of
viscerotropic velogenic Newcastle disease viruses

Youn Jeong Lee*
Avian Disease Division, National Veterinary Research and Quarantine Service

Abstract

The study, using analysis  and
phylogenetic relationship of the fusion protein "gene,
divided the Korean epizootic isolates of Newcastle
disease (NDV)

determine the molecular epidemiclogy of the virus. A

sequence

virus into several lineages to
69 base pair fragment was amplified by polymerase
chain reaction between matrix protein gene and fusion
protein gene of 30 Korean NDV isolates, which were
isolated from field outbreaks of Newcastle disease
between 1949 and 2002. All isolates showed the amino
acid 112 R-R-Q/R-K-R116 the
C-terminus of the F2 protein and phenylalanine (F) at
the N-terminus of the F1 protein, residue 117. These
amino acid sequences were identical to a known
virulent motif, The region of the F gene between
nuclectides 47 and 435 was compared by phylogenetic
analysis. Based on nucleotide sequence, the Korean
NDV isolates belonged to genotype III, V, VI and VI
corresponding to isolates in 1949, 1982 to 1984, 1988
~to 1997, and 1995 to 2002, respectively. These data
showed that genotypes of five Korean Newcastle
disease epizootics had replaced each other serially (III,
V, VI and VII) in chronological order. Further, the
five Korean Newcastle disease epizootics were closely
related with the disease panzootics
Newcastle
Present study showed that the Korean genotype V

sequence at

Necastle or

disease epizootics in other countries.
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isolated before 1984 was related with FEuropean
Newcastle diseaseepizootics in the 1970s, whereas the
Korean genotype VI and VII isolated after 1988 were
more closely related with Far East Newcastle disease
epizootics, especially Newcastle disease3 epizootics in
Japan, Taiwan and China. Since 1988, the genotype
VI and VII of Far East origin were dominant in
South Korea. That might be due to the increased
trade of agricultural products including poultry among
Far East Asian countries.

Introduction

Newcastle disease (ND) .causes one of the most
serious diseases in commercial poultry. ND can be
divided into five pathotypes based on severity of the
disease in chickens. These are viscerotropic velogenic,
neurotropic  velogenic, mesogenic, lentogenic or
respiratory, and asymptomatic enteric type (Alexander,
1997). ND has continued to cause serious losses to
the poultry industry, and it is defined as a list A
disease by the Office International des Epizooties.
Numerous ND live and inactivated vaccines have been
developed however, the number of ND outbreaks in
commercial poultry has been increased rather than
being controlled (Alexander, 2001).

The causative agent of the disease, Newcastle
disease virus (NDV), is classified as a member of the
genus Avulavirus, in the family Paramyxoviridae (Mayo,
2002a, b). The enveloped virus has a negative-
sense single-stranded genome of 15,186 nucleotides
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(Krishnamurthy & Samal, 1998; de Leeuw & Peeters,
1999; Romer-Oberdorfer et al, 1999). The viral
genome codes for six proteins, including an
RNA-directed RNA polymerase (L gene), hemagglutinin-
neuraminidase (HN gene), fusion (F gene), matrix (M
gene), phosphoprotein (P gene) and nucleocapsid (NP)
proteins, in that order, from the 5 terminus to the 3’
terminus (Alexander, 1997). The fusion protein encoded
by the F gene is cleaved into F2-F1 protein by
post-translational cleavage by host proteinases. The
virulent type of NDV has multiple basic amino acid
sequence at the C-terminus of the F2 protein. These
multiple basic amino acid sequences can be recognized
by ubiquitous host proteinases. Pathotype prediction
and diagnosis of the virulence of NDV can hbe
performed using the fusion protein cleavage site
sequence analysis (Collins et al, 1993, Seal et al,
1995; Marin et al, 1996; Gould et al., 2001).

Various methods have been introduced for
grouping and analysis of NDV including differences in
pathogenicity (Alexander, 1997), antigenicity (Russell
& Alexander, 1983 Alexander et al, 1987, 1997), and
genomes (Collins et al, 1993 Jarecki-Black& King,
1993 Seal et al, 1995, 1996, 2000 Ballagi-Pordany et
al, 1996 Marin et al, 1996 Kant et al. 1997 Lomniczi
et al, 1998 Herczeg et al, 1999, 2001, Yang et al,
1999; Nanthakumar et al, 2000 Aldous et al, 2001,
2003; Gould et al, 2001; Ke et al, 2001; Yu et al,
2001; Liang et al, 2002, Mase et al, 2002; Liu et al,
2003; Wehmann et al, 2003a, 2003b). Several
epidemiological studies of NDV have been carried out
using these molecular-based methods.

The first confirmed outbreaks of ND occurred in
1926, in Java, Indonesia, and in Newcastle-upon-Tyne,
UK, but the disease may have been present in Korea
as early as 1924 (Konno et al., 1929; Alexander, 1997).
There have been -three main panzootics of ND
(Alexander, 1997 Lomniczi et al, 1998). Major panzootic
strains of NDV could be divided into three lineages
(Sakaguchi et al., 1989; Toyoda et al, 1989) or seven
genotypes (Ballagi-Pordany et al, 1996; Lomniczi et
al, 1998) by comparing the nucleotide sequences and
phylogenetic analysis. Genotypes II-IV were involved
in the first panzootic of ND, genotypes V and VI
might have caused the second and third panzootics
(Ballagi-Pordany et al., 1996; Lomniczi et al, 1998). It

was also suggested that genotype VI and VII, isolates
of Middle East in late 1960s and isolates of Indonesia
in the late 1980s, caused epizootic infection of Europe
in the 1990s. Recently, there were several reports
concerning molecular characterization of NDV in East
Asia (Yang et al, 1999 Ke et al, 2001, Yu et al,
2001, Liang et al, 2002 Mase et al, 2002, Liu et al,
2003).

The present study was initiated to carry out the
genetic characterization of NDV isolates derived from
five ND epizootics in South Korea and to unravel
epidemiological relationships of ND outbreaks.

Materials and Methods
Viruses

NDV isolates have been isolated in the National
Veterinary Research and Quarantine Service since
1949. Thirty epizootic isolates in South Korea and two
isolates from China, which were detected during the
quarantine process in 2001/02, were selected for
sequencing and phylogenetic relationship analysis. The
origin of the NDV isolates and nucleotide sequences
are summarized in Table 1.

Preparation of viral RNA,
reverse transcription-polymerase chain reaction

NDV  isolates were grown in 10-day-old
embryonated eggs, and infective allantoic fluids were
stored at -70°C until use. RNA was extracted directly
from allantoic fluid inoculated with NDVs. Sodium
dodecyl sulfate (2%, w/v) was added to 5001 of
allantoic fluid and incubated at 55°C for 5 min. An
equal volume of phenol: chloroform: isoamylalcohol
(25:24'1) was added and mixed. The mixture was
centrifuged at 12000 x g for 10 min and the upper
phase was collected, and the RNA was further
purified with a Rnaid kit (BIO 101, La Jolla, CA,USA)
according to the manufacturer’'s recommendations.

To obtain ¢cDNA from a genomic RNA template, 1 1
primer (M1055; 50pmol) was added to 10 1 template
RNA and boiled for 5 min. After standing on ice for
10 min, 4 1 of 5x reverse transcription buffer, 2 1 of
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01 M dithiothreitol, 1 1 of ANTP (each 10mM), 1 1 of
Rnasin (40 u/ 1; Promega), and 1 1 of Moloney murine
leukaemia virus RT (200 u/ ; GibcoBRL) were added
and incubated at 37 °C for 90 min.

Two primers, the primer MI1055 (sense primer,
5'-GCT GAT CAT GAG GTT ACC TC-3') and the
primer F508 (anti-sense primer, 5'-AGT CGG AGG
ATG TTG GCA GC-3"), were used to amplify the
fusion protein gene, including the fusion protein
cleavage site and the matrix protein gene. The two
primers generated a 695 base pair (bp)fragment
between nucleotides 1055 of the matrix (M) gene and
508 of the fusion (F) gene. For the polymerase chain
reaction (PCR) amplication, 5 1 ¢cDNA, 5 1 of 10x PCR
buffer, 6 1 25mM MgCl2, 1 1 ANTP (10mM), 1 | Tag
DNA polymerase (25 u/l; promega), 1 1 sense primer
(50pmol), and 1 1 anti-sense primer (50pmol) were
mixed to a final volume of 50 1. Amplification was
conducted in a capillary DNA thermal cycler (DNA
AMP UNITDMS, Korea). The PCR was performed by
30 cycles at H°C for 10 sec, 47°C for 30 sec, and
72°C for 40 sec. The products were analyzed on a
15% agarose gel.

Sequencing of the PCR products

The amplified DNA fragments were purified using
the GENE CLEAN 1II kit (BIO 101, Vista, CA, USA).
Purified DNA fragments were cloned into a TA
cloning vector (Invitrogen). The DNA sequence was
determined using the Dye Terminator Cycle Sequencing
method and analyzed by ABI 377 autosequencer (Applied
BiosystemsInc.). The nucleotide sequences have been
deposited in the GenBank under accession numbers
(Table 1).

Analysis of sequence data

Assembly of sequencing contigs and translation of
the nucleotide sequence into the protein sequence
were performed with DNASIS. The sequence data
were aligned using the MegAlign program in the
Lasergene package (DNASTAR Inc, Madison, WI,
USA) by clustal multiple alignment algorithm.
Phylogenetic relationships were established with the
computer program TREECON for windows, version

11(Van de Peer & de Wachter, 1997). Briefly, a
distance matrix was created by the Kimmura two
parameter model and the tree was constructed by the
neighbor-joining algorithm. The robustness of the
groupings were assessed by bootstrap resampling of
1,000 replicate trees.

Results
Virus isolation and sequence analysis

Thirty virulent field NDV isolates were used
for the examination of molecular epidemiological
relationshipsof ND outbreaks in South Korea
since 1949(Table 1). The 695bp fragment between
nucleotides 1055 of the matrix gene and 508 of the
fusion gene was amplified including the fusion protein
cleavage site, and the sequence was analyzed (Data
not shown). Nucleotide similarities of the first 389 bp
and predicted amino acid sequences of 129 residues of
Korean isolates were compared with the corresponding
sequences of the representative strains. Representative
strains of each genotype showed similarities of 81.8 to
92.8% for the nucleotide sequence and 79.8 to 95.2%
for amino acid sequence. Korean isolates of genotypes
I, V, VI and VII showed the highest similarity with
representative strain of each genotype: 91.3, 995, 92.3,
and 936 to 97.7%, respectively. Korean isolates and
Chinese isolates of genotype VII showed similarities
of 954 to 99.5% for nucleotide, and 93.0 to 99.2% for
amino acid. Recent epizootic isolates, genotype VII,
showed the lowest similarity with a vaccine strain
like VG/GA and LaSota (genotypes I and ID: 823 o
84.8% for the nucleotide and 79.1 to 845% for the
amino acid.

Alignment of the deduced amino acid sequences

All of isolates showed the amino acid sequence 112
R-R-Q/R-K-R 116 at the C-terminus of the F2
protein and phenylalanine (F) at the N-terminus of
the F1 protein, residue 117. These amino acid
sequences were identical with a virulent motif in
previous reports on NDV isolates. Kr-KJW/49
belonged to genotype III and was characterized by
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Table 1. Origin_of Newcastle Disease Virus sirains and nucleotide sequences

Abbreviation Vear Country Host Genetic Accession
This study Original group number

Kr-KJW/49 - 1949 Korea Chicken 1l AY630409
Kr-48/82 - 1982 Korea - \ AYB30410
Kr-1129/83 - 1983 Korea - vV AY648305
Kr-K/84 - 1984 Korea Chicken v AY630411
Kr-D/84 - 1984 Korea peafow! Vil AY630412
Kr-M/88 - 1988 Korea Quait Vi AY630413
Kr-12A/89 - 1989 Korea Chicken Vi AYB30414
Kr-102/89 - 1989 Korea - Vi AYB30415
Kr-163/90 - 1990 Korea - Vi AYB30416
Kr-9/91 - 1991 Korea - Vi AYB30417
Kr~104/92 - 1992 Korea - Vi AYB30418
Kr-077/95 - 1995 Korea Chicken (orailer) Vi AYB30419
Kr-146/95 - 1995 Korea Chicken (broiler) Vil AYB30420
Kr-279/95 - 1995 Korea Chicken (broiler) Vil AY830421
Kr~147/97 - 1997 Korea Chicken (broiler) W AY630422
Kr~005/00 - 2000 Korea Chicken (Layer) Vil AY630423
Kr~009/00 - 2000 Korea Chicken (Layer) VI AY630424
Kr-010/00 - 2000 Korea Chicken (Layer) Vil AYB630425
Kr~011/00 - 2000 Korea Chicken (broiler) Vil AY630426
Kr-014/00 - 2000 Korea Chicken (Layer) Vil AY630427
Kr~017/00 - 2000 Korea Chicken (broiler) Vil AY630428
Kr~018/00 - 2000 Korea Chicken (Layer) Vil AY630429
Kr-019/00 - 2000 Korea Chicken (Layer) Vil AY630430
Kr~021/00 - 2000 Korea Chicken (Layer) Vi AY630431
Kr~029/00 - 2000 Korea Chicken (Layer) Vil AY648304
Kr-352/00 - 2000 Korea Chicken Vil AYB30432
Kr~400/00 - 2000 Korea Chicken (broiler) Vil AY630433
Kr~401/00 - 2000 Korea Chicken Vil AY630434
Kr—420/00 - 2000 Korea QOstrich Vil AYB30435
Kr-188/02 - 2002 Korea Chicken(broiler) Vil AY630436
Ch-77/1 - 2001 China Chicken meat Vi AY830437
Ch-501/02 - 2002 China Chicken meat Vil AY630438
DE-164/87 ADEHUS87164 1987 Germany human V AY 175651
CA-140/75 BCACO75140 1975 Canada cormorant \Y AY 175670
CA~051/90 ACAGL90051 1990 Canada gull vV AY175628
CA-053/90 ACACO90053 1990 Canada cormorant V AY175630
CA-095/92 -CAC092095 1992 Canada cormorant v AY175681
US-098/92 1USCO82098 1992 USA cormorant \ AY175638
US-055/97 AUSC097055 1997 USA cormarant v AY175780
Br-171/77 ABRCK77171 1977 Brazil Domestic fowl Y AY175648
Br-160/83 ABRCK83160 1983 Brazil Domestic fowl \ AY175649
Tz-056/95 ATZCK95056 1995 Tanzania Domestic fowl v AY175653
Tz-080/95 ATZDK95080 1995 Tanzania Duck \ AY 175656
T7-094/95 GTZCK85094 1995 Tanzania Domestic fowl V AY175728

The sequences of the strains were obtained from GeneBank (Aldous et al, 2003). Original designation was changed in this study.

two unique amino acids (104 Glu and 110 Arg).
Genotype III and V NDV isolates possess Arg, Thr,
and Val at the residues 101, 107, and 118, whereas
genotype VI and VII possess Lys, Ser, and Ile. The
residue 114Arg was unique for genotype VI except

for the Kr-400/00 isolate. Substitution at the position
121, Ile to Val, was characteristic of genotype VIL
Among genotype VII, recent isolates (after 2000)
showed substitutions 52 lle to Val and 71 Lys to
Arg. Two Chinese NDV isolates had similar amino
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acid characteristics with Korean genotype VII viruses.
Phylogenetic analysis

The region of the F gene between nucleotides 47
and 435 was compared by phylogenetic analysis. A
phylogenetic tree of NDV isolates based on sequence
analysis of the first 389 nucleotides of the F gene
coding region is shown in Figure 1~4. Corresponding
sequences of representative strains available from the
GenBank were used. Lineages designated I to VII in
this study correspond to those described by Lomniczi
et al. (1998).

Based on the topology of tree, the isolates have
been separated into eight genotypes, genotype 1 to
VII (Figure 1). Korean NDV isolates belonged to
genotype I, V, VI, and VII corresponding to isolates
of epizootics in 1949, in 1982 to 1984, in 1988 to 1997,
and in 1995 to 2002, respectively. Genotype I
included Kr-KJW/49 and three representative viruses,
JP-Sato/30, Ch-F48E9/44 and Aus Victoria/32. NDV
isolates emerged in the early 1980s in South Korea
belonged to genotype V and obtained in the late 1980s
to the middle 1990s belonged to genotype VI Most of
South Korea isolates after 1995 and two isolates from
China, which were detected during quarantine process
in 2001/02, belonged to genotype VIL

To unravel the origin of Korean isolates, genotypes
V to VII were analyzed as a separate dataset and
trees generated accordingly (Figure 2 - 4). Genotype
V contains 39 isolates, which can be separated into
four putative sublineages, Va, Vb, Vc and Vd (Figure
2). Genotype V was largely composed of isolates
derived from or considered to be from ‘second’ NDV
panzootic in the 1970s (Alexander, 2001), which was
influenced by trade in exotic birds. Sublineage Va
was composed of three Korean isolates, Kr-48/82,
Kr-1129/83 and Kr-K/84, and isolates from Western
Europe in the 1970s and 1980s. There was
divergence in Korean isolates compared with
European isolates at the root of this sublineage.
Sublineage Vb was largely composed of isolates of
Eastern Europe. Sublineage Vc was composed of
cormorant viruses isolated between 1975 and 1997 in
Canada and USA. Sublineage Vd was composed of
viruses from Tanzania.

Genotype VI contains 58 isolates, which can be
separated into five sublineages, VIa (VIat+Vle), VIb,
Vlc, VId and VIf (Figure 3). In previous a report, the
sublineage VIa and Vle were described as separated
sublineages (Liu et al, 2003). However, in present
study, the sublineage Vla included largely ‘ancient’
isolates originating in the Middle East (Kuwait 256,
Iraqg AG68), Japan (JP-Narashino/67, JP-Chiba/69) and
UK (Warwick/66) according to the result of Aldous et
al.(2003). Sublineage VIb was largely composed of
isolates from Japanese pigeon and Chinese isolates.
Sublineage VIc contained an Italien isolate and a
Japanese isolate. Sublineage VId contained isolates
obtained from Europe, China and Japan in the 1980s
and 1990s. Seven Korean isolates as well as the other
isolates from Japan and China were divided into the
new sublineage VIf of Far East Asia origin.

Genotype VII contains 102 isolates, which can be
separated into five sublineages, VIla to VIle (Figure
4). Sublineage VIla was composed of isolates
originating from FEurope in the 1990s and isolates
originating from Indonesiain 1983. Sublineage VIIb
contained isolates from Europe, South Africa and
Mozambique in the late 1980s and 1990s. Sublineage
VIIc contained isolates originating from Taiwan, Japan
and China. NDV isolates in sublineage VIc in 1984
were the earliest isolates of the genotype VIL One
Korean isolate (Kr-D/84),isolated from peafowl reared
in the zoo in 1984, was also included sublineage VIc.
Sublineage VIId was composed enormous isolates
originating from Far East Asia (Taiwan, Japan, China
and South Korea) in the middle 1990s to 2002. Among
the sublineage VIId, Korean isolates were more
closely .related to Chinese isolates rather than
Japanese and Taiwan isolates.

Discussion

Sequence analyses of fusion protein cleavage site
were used for determining the pathotype of NDV
instead of conventional methods such as mean death
time and intracerebral pathogenic index tests (Collins
et al, 1993; Seal et al,, 1995; Marin et al, 1996; Gould
et al, 2001). All virulent field isolates of Korean NDV
showed the amino acid sequence 112 R-R-Q/R-K-R
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116at the C-terminus of the F2 protein and
phenylalanine (F) at the N-terminus of the F1 protein,
residue 117. These amino acid sequences were
identical with a virulent motif on reported NDV
isolates. (Alexander, 1997)

Since 1980, the epidemiological situation of ND in
South Korea was characterized by periodic epizootics,
whereas enzootic infections usually occurred,
especially in winter season in Korea (Kim &
Song, 1992). The isolates from each different periodic
epizootics in Korea were not identical in origin, based
on the sequence analysis and phylogenetic
relationships. In the presentstudy, the phylogenetic
analysis of partial F gene sequence produced
similar tree topology compared with those from
entire gene sequences as shown in previous
studies (Sakaguchi et al, 1989; Toyoda et al., 1989;
Seal et al,, 1995; 1996; Lomniczi et al, 1998; Yang et
al,, 1999 Yu et al, 2001).

Lommiczi et al. (1998) proposed that at least three
different genotypes (I, III and IV) were responsible
for the epizootics during the first panzootic (before
the 1960s), each one being restricted to a specific
geographical region (Herczeg et al, 1999). During the
first panzootic, there was epizootic infection of ND in
Korea. The Korean representative NDV challenge
strains, Kr-KJW/49, was isolated in 1949. The old
Japanese (JP-Sota/30) and Chinese (Ch-F48E9/44)
NDV strains were  isolated in 1930 and 1944,
respectively. These three isolates from Far East
belong to genotype III. Furthermore, Yang et al
(1999) recently reported that one of the Taiwan
isolate of NDV isolated in 1969 was similar to the
genotype III viruses. Consequently, it was assumed
that there were genotype III viruses in the Far East
at the time of the first panzootic in the 1930s to
1960s.

Compared with these early viruses, two new
genotypes were emerged during the second
panzootic (after the 1960s). The one genotype that
wasresponsible for the outbreaks in England,
California and in some other European countries in
the early 1970s was influenced by trade ofexotic birds
(genetic group V), and the other genotype caused
epizootics in the Middle East and Greece during the
late 1960s (genetic group VI) (Herczeg et al, 1999

Alexander, 2001). Based on the present study, the
Korean NDV isolates in the early 1980s belonged to
genotype V, sublineage Va (Figure 2). Three Korean
isolates, Kr-48/82, Kr-1129/83 and Kr-K/84, were
clustered with Western European isolates in the 1970s,
but there was some divergence in Korean isolates
compared with European isolates at the root of this
sublineage. These data suggest that Korean isolates
were the same origin with European isolates in the
1970s, but these viruses seemed to be introduced
before 1980s and changed within the country. It was
the first report of NDV outbreaks by genotype V
viruses in the Far East. Sublineage Vb was
largely composed of Italy and Eastern Europe
isolates between 1977 and 2002, as reported
previous studies (Herczed et al., 2001, Czeglédi et
al., 2002; Wehmann et al, 2003b). Like a previous
study (Aldous et al. 2003), cormorants isolates in
the US and Canada in the 1990s (putative
sublineage Vc¢) and Tanzanian isolates (putative
sublineage Vd) differed from sublineage Va, in
which Korean isolates were included.

It was determined that genotype VI was newly
emerged in South Korea during the 1988 to 1992
epizootic infections (Figure 3). Genotype VI included
isolates in the 1960 to 1970 Middle East epizootics of
the second panzootic, pigeon isolates in the early
1980s of the third panzootic and isolates in the 1990s
Western Europe epizootics (Alexander, 1997). In
previous study, genotype VI was divided into several
subtypes according to their geographical origins and
hosts (Yu et al, 2001; Aldous et al. 2003; Liu et al,
2003). Also Aldous et al. (2003) divided genotype VI
into four putative sublineages, Vla, VIb VIc and VId.
In present study, the isolates from Middle East and
Japan belong to the sublineage Vla and the 'Far
East’ and 'European’ origin NDV isolates belong to
the sublineage VIb, Vic and VId in agreement with
the previous study. However, in the present study, all
the Korean isolates belong to the new putative
sublineage VIf. The putative sublineage VIf included
NDV isolates from Japan, China and South Korea in
the 1980s to 1990s. The chicken isolate, JP-Chiba/81,
was the earliest isolate of putative sublincage VIf.
The distribution feature of the genotype VI viruses in
Far East was that only one sublineage existed in
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South Korea, while a great diversity of sublineages
existed in Japan and China.

Since 1984, several NDV outbreak cases causedby
genotype VII have been reported in China, Taiwan,
South Africa, Europe and Japan (Lomniczi et al., 1998;
Herczeg et al, 1999, 2001; Yang et al., 1999; Ke et al,
2001 Liang et al, 2002, Yu et al, 2001, Mase et al,
2002; Aldous et al, 2003; Liu et al, 2003). The
Taiwan isolates, TW/84P and TW/84C, were reported
as the first genotype VII viruses (Yang et al, 1999).
It was also proposed that genotype VII might have
originated from the Far East similar to the proposal
of Lomniczi et al.(1998). NDV isolates in sublineage
VIIc in 1984 were the earliest isolates of the genotype
VII. Interestingly, in the present study, one Korean
NDV isolate, Kr-D/84, isolated from peafowl in the
zoo in 1984, belonged to sublineage VIIc. Except
Kr-D/84, no more NDV isolates belonging to
genotype VII were observed in South Korea during
the past 10 years, until re-emerged in 1995. These
datasuggested that genotype VII virus might have
been introduced into South Korea from neighboring
countries through imported peafowl, but it did not
spread into commercial poultry flocks within the
country at that time. Genotype VII seemed to be
re-introduced into South Korea through an unknown
route in 1995. The sublineage VIId was composed of
isolates originated from Far East (Taiwan, Japan,
China and South Korea),in the middle 1990s to 2002.
Among the sublineage VIId, Korean isolates were
more closely related to Chinese isolates rather than
Japanese and Taiwan isolates. Korean isolates of
sublineage VId were distinguishable from sublineage
VIla of European origin and sublineage VIIb of South
Africa, European origin in the 1980s to 1990s.

In conclusion, the present study gave us a more
clear understanding about the ND epizootics in Far
East. Since the first ND outbreak in Korea in 1924,
there have been five or more ND epizootics. Before
this study, these five ND epizootics were believed to
be caused by similar origin virus, and these seemed
to. have beeb circulating continuously in Korea since
1924. In the present study, however, we found that
NDV genotypes hadreplaced each other serially (III, V,
VI and VID in chronological order. Furthermore, the
fiveKorean ND epizootics were closely related with

the ND panzootics or ND epizootics in other
countries, The present study showed that the Korean
genotype V isolated before 1984 was related with
European ND epizootics in the 1970s, whereas the
Korean genotype VI and VII isolated after 1988 were
more closely related with Far East ND' epizootics,
especially ND epizootics in Japan, Taiwan and China.
Since 1988, the genotype VI and VI of Far East
origin were dominant in South Korea. That might be
due to the increased trade of agricultural products
including poultry among Far East Asian countries.
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