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Veterinary Services in China 

Some explanation will perhaps enhance the understanding of some of the papers from 
China where various terms for administrative areas are mentioned. This has a bearing 
on bluetongue as the responsibility for diagnosis and control is shared at various levels 
of government and associated veterinary services. 

Provinces 

Anhui, Fujian, Gansu. 
Guangdong, Guizhou. 

Hainan. Hebei. 
Heilongjiang, Henan. 

Hubei, Hunan, Jiangsu, 
Jiangxi, lilin, Liaoning, 

Qinghai, Shaanxi. 
Shandong, Shanxi, 
Sichuan, Yunnan, 

Zhejiang 

Districts (Zhou) 

Counties and cities 
under district control 

Villages 

Central Government of China 

Autonomous Regions 

Guangxi 
Inner Mongolia 

Ningxia 
Xinjiang 
Xizang 

Inner Mongolia 
Meng 

Inner Mongolia 
Qi 

Inner Mongolill 
Sumu 

(The Inner Mongolia terms ate shown in italics) 

I 
Cities directly under 

the control of 
central government 

Beijing 
Shanghai 
Tianjin 

Cities under direct 
provincial control 

Every province and autonomous region has a provincial veterinary station and every 
district, county and village has a correspondingly titled veterinary station. Each level 
derives financial support from its own government level with some contribution from 
the veterinary station of the level above. 
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The First Southeast Asia and Pacific 
Regional Bluetongue Symposium 

Welcoming Address 

Feng Jinglan* 

LADIES and gentlemen-I am very pleased to be the 
Honorary President of this Conference. It is indeed 
my great honour, on behalf of the Department of Ani
mal Industry and Veterinary Medicine, Minister of 
Agriculture, China, and Professor Zhang Nianzu and 
Dr Peter Kirkland, the Co-Chairs of this Symposium, 
to welcome all representatives and friends from Aus
tralia, China, India, Indonesia, Papua New Guinea, 
Japan, Malaysia, New Zealand, Philippines, Thai
land, United Kingdom, United States of America and 
Vietnam who are participating in this Symposium. 

First of all, we would like to recognise and extend 
our appreciation for the well thought out preparations 
and hard work the Organising Committee has done 
for this event. This group consists of Professor Zhang 
Nianzu, Peng Kegao, Li Huachun, Dr Toby St. 
George, NeviIle Hunt, Dr Lama Melville and Dr 
Peter Kirkland. Special thanks are due to Dr Toby SI. 
George and Peng Kegao for the editorial work for the 
Symposium proceedings. We also appreciate the con
tribution offered by both the Yunnan Provincial 
Commission on Science and Technology, the Yunnan 
Provincial Bureau of Animal Husbandry and the 
Yunnan Tropical and Subtropical Animal Virus Dis
ease Laboratory. Their input will ensure that this is a 
successful conference. 

Since the first publication of a description of blue
tongue by Theiler in South Africa in 1905, numerous 
studies have been conducted in many countries. A 
much better understanding of the characteristics and 
epidemiology of the virus has resulted from this 
research, particularly in the last 40 years. Much of the 
knowledge acquired has been directly applicable to 
the livestock industry. This Symposium provides the 
opportunity for researchers and scientists to exchange 
experience. The subjects under discussion will 

* Symposium Honorary President; Vice Director of the 
Department of Animal Industry and Veterinary Medicine, 
Ministry of Agriculture. Beijing, People's Republic of 
China. 
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enhance research and control of bluetongue disease 
which is widely distributed and can have devastating 
effects. I encourage you to take full advantage of this 
Symposium, by active participation in formal and 
informal discussions. 

I would like to take this opportunity to briefly 
describe the current status of animal industries in 
China. During the last 15 years, since the implemen
tation of the Reform and Opening-up policy, live
stock industries have enjoyed rapid growth. In 1994, 
national meat production amounted to 45 million 
tonnes. Annual per capita consumption is: meat 33.8 
kg, eggs 12.6 kg, milk 5.2 kg and aquaculture 18.3 
kg. Milk production, in particular, is far below that of 
developed countries. China is a vast, populous nation, 
and offers great potential for further development but 
at the same time faces enormous challenges. We must 
continue to develop and protect livestock industries. 
Obviously, the prevention and control of livestock 
diseases is extremely important in these endeavours. 
Since the first isolation of bluetongue virus in the 
southern province of Yunnan in 1979, China has 
focused a great deal of effort on the diagnosis and 
immunology of the disease. At the present time we 
are vigorously pursuing regional trials of bluetongue 
vaccines, which we believe will provide a powerful 
tool for the prevention of disease. We would like to 
see an increase in cooperation and exchange among 
all those who are here today. 

August is the hottest month of the year in China. 
However, Kunming, is known as the 'Spring City' 
because of its pleasant climate. I wish you all a suc
cessful and productive conference and an enjoyable 
stay in China that you will remember for years to 
come. Thank you. 



Epidemiology 



Introduction 

THE epidemiology of bluetongue involves the inter
action of five elements: the bluetongue viruses (24 at 
present); the vertebrate hosts in which the viruses 
multiply subclinically; susceptible sheep; the envi
ronment; and a range of Culicoides vectors capable of 
being infected and transmitting bluetongue virus (dis
cussed in a later section). 

These Proceedings present our current under
standing of the epidemiology of bluetongue viruses 
in the countries represented at the Symposium. Less 
than 20 years ago, bluetongue viruses were not 
known to exist east of India. The great majority of 
the bluetongue viruses discovered since then are 
serotypes already known. In most of Asia, blue
tongue is not an expanding infection and disease but 
rather an infection which has existed ever since cat
tle, buffalo and deer have been present. Bluetongue 
is now coming to our notice for many reasons, 
including changes in husbandry practices and better 
detection technology. 

The exception to this generalisation applies in the 
countries to the far southeast of the Asian region, 
namely Papua New Guinea, Australia and the Pacific 
Island nations, where ruminants were not present 
before European colonisation. Proven Culicoides 
vectors, dependent on ruminants, have spread with 
the bluetongue viruses to occupy the newly created 
ecological niches. Bluetongue is thus emerging in 
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this area, to the east of Weber's line which marked a 
geographical barrier for many animal and plant spe
cies. 

Understanding the epidemiology of bluetongue in 
southeast Asia, east Asia and the Pacific Islands is 
impossible without identifying all the virus serotypes 
circulating in this vast region, as infected insects are 
blown across national boundaries and very significant 
ocean gaps. 

In the papers in this section, a fine start has been 
made to bring together the infonnation on bluetongue 
in China, its neighbouring countries and the region in 
general. It is essential that this process continues so 
that, in future, control strategies can be based more 
fully on objective data. 

One of the most interesting epidemiological obser
vations is that, in north China, sheep and goats show 
higher bluetongue group antibody prevalences than 
cattle, in contrast to the findings in most other regions 
of Asia and the Pacific. Another difference is that, in 
Inner Mongolia, some bluetongue infection continues 
in winter, suggesting an additional vector system: this 
finding again contrasts with those in subtropical 
regions and other temperate areas of the world. So, 
through this sharing of infonnation, first at the Sym
posium and now in these Proceedings, we have added 
yet another new element into our understanding of 
bluetongue epidemiology. 



A Short History of the Discovery of 
Bluetongue in the World 

T .D. St. George* 

THE history of bluetongue in the world falls into two 
distinct phases. The first phase of discovery was 
based on the diagnosis of clinical bluetongue, mostly 
in outbreaks in sheep in previously bluetongue-free 
areas. This produced a picture of a disease which had 
spread from an original focus in southern Africa to 
encompass most of Africa, some adjacent parts of 
Europe, southern Asia and then to north America via 
ruminant imports. This view was dealt a major blow 
in 1977, however, when a virus isolated from an 
insect collected in Australia, a continent with no 
bluetongue disease, was identified as a bluetongue 
virus. Since then, large-scale surveys have linked the 
previously discrete areas of the world into a contin
uum. Disease is now accepted as only a small mani
festation of the presence of this widely distributed 
group of closely related viruses which infect a wide 
range of ruminants. 

The Emergent Phase: 1900 to 1977 

Bluetongue first came to notice when Merino sheep 
were introduced to southern Africa. The first descrip
tions of the disease were published there. Bluetongue 
was a major killer of sheep, with surviving animals 
suffering a loss of productivity . .Much later, research 
in southern Africa revealed that bluetongue viruses 
also circulated in cattle and many wildlife species. 
The disease was soon also recognised in Egypt 
(1907), Kenya (1909) and West Afriea (1927). Out
side Africa, bluetongue outbreaks were diagnosed in 
1943 in Cyprus, and from then until 1949 in nearby 
areas of Asia, such as Palestine, Turkey and Syria. In 
1956, a major epidemic occurred in Merino sheep in 
Spain and Portugal. This caused significant alann, 
especially in Australia with its vast flock of pure 
Merino and Merino-based breeds. Around the same 
time, the isolation of bluetongue virus confinned its 
presenee elsewhere in the world too; in the USA 
(1952), in Pakistan (1959) and India (1963). 

... 15 Tamarix Street, Chapel Hill. Queensland 4069, Australia 
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In Spain, a combination of movement controls, 
slaughter out policies and vaccination were applied, 
and bluetongue appeared to have been eradicated 
from the country. While the sanitary measures were 
applied only to sheep, international movement con
trols or prohibitions were applied to countries where 
the disease in sheep had been reported, since cattle 
were known 10 be subject to subclinical infection by 
bluetongue viruses. 

Endemic Zone Phase 

A turning point in understanding bluetongue epide
miology came in 1977, with the recognition that blue
tongue virus existed without concurrent disease in 
Australia, several thousand kilometres away from the 
nearest known endemic area. Seven years previously, 
a system of sentinel herds, using healthy cattle as 
virus indicators, had been developed in Australia. 
This system had been established to define both the 
extent of arbovirus infection of ruminants and arbovi
rus epidemiology that was independent of disease. 
Once bluetongue was identified in Australia, this 
existing surveillance technique was used to study the 
virus's recent history in Australia and to search for 
additional serotypes of the bluetongue group. The 
sentinel herd approach has since been applied suc
cessfully in other countries, including several 
descriptions of successes in these Proceedings. Using 
sentinel cattle, bluetongue viruses of many serotypes 
have been found in northern Australia, the Caribbean 
and Central America, Indoncsia, Malaysia, China and 
many other areas. Serological studies, using these 
newly isolated viruses as well as imported standards, 
has shown that the tropics, subtropics and some fring
ing temperate areas of the Americas, Africa, Asia and 
Australia are bluetongue endemic regions. 

Until recently, a country was considered as 
infected with endemic or epidemic bluetongue 
according to political boundaries. However, more 
detailed epidemiological studies have shown that in 
countries where climate allows the Culicoides vector 



species to exist only in the hotter areas, there are 
major zones that are always free of bluetongue virus. 
For example, this is true of most of the European 
Community, Canada, southern Australia, northern 
Japan and parts of far north China. Full acceptance of 
regional freedom would usher in a new phase for 
trade and other livestock movements. 

How Many Bluetongue 
Viruses Are There? 

Many years ago, apparent failures of vaccines in 
South Africa led to the realisation that there was more 
than one antigenic type of bluetongue virus. Cross
protection tests in sheep by W.O. Neitz demonstrated 
that 10 representative viral isolates from field cases 
produced solid immunity against the homologous iso
late but only partial or no protection against heterolo
gous strains. 

This was the first formal classification of blue
tongue viruses: based on cross protection tests, this 
classification established the first IO different virus 
types in South Africa. Serological tests, which corre
late with cross protection tests, were later used in 
South Africa to develop the reference system which 
added other newly discovered bluetongue viruses, and 
which now divides the bluetongue viruses into 24 
serotypes. The World Reference Centre was developed 
at The Veterinary Research Institute in Onderslepoort, 
South Africa. New bluetongue viruses are submitted to 
the Virus Laboratory there for confirmation as an 
existing type or as a candidate new serotype. 

It is we)) established that bluetongue viruses of the 
same or separate serotypes can exchange genetic 
information during dual infections of hosts without 
affecting their serotypes. The eventual number of 
serotypes will probably not be much greater than the 
24, as the vast regions recently shown to be endemic 
have usually yielded viruses that fit into the already 
established serotype classification. Biochemistry and 
topotyping have produced new parameters for mea
suring genetic diversity and will, in time, lead to 
more understanding of regional evolution of the viral 
complex, but the system of serotypes, based on neu
tralisation tests, remain the presently accepted 
scheme of classification. 

Vectors 

Initial studies on Culicoides imicola in South Africa 
incriminated this speeies, and the Culicoides genus of 
biting midges, as a bluetongue vector. The number of 
Culicoides species now proven as vectors is limited 
to five well studied species in Africa, Australia and 
North America. However, bluetongue viruses have 
been isolated from six more Culicoides species and 
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there is experimental evidence that others can support 
virus replication. The list of potential vector species 
is longer still, but there are insufficient resources to 
test all Culicoides species feeding on ruminants for a 
capacity to transmit bluetongue virus. Indeed, there is 
strong epidemiological evidence that not all CuU
coides species which do feed on cattle, buffalo, sheep 
and goats, are capable of being infected with, and/or 
transmitting, the viruses. 

In practical terms, the northern and southern bound
aries of epidemic bluetongue areas in northern Africa, 
southem Europe, North and South America, Japan, 
Australia and the Pacific islands are reasonably 
known to be linked to the distribution of a very few 
Cuiicoides species. For several of these, little is yet 
known of important aspects of their biology, such as 
their breeding sites and larval development. The fluc
tuations in Culicoides populations, caused by season, 
altitude, winds, rainfall and availability of vertebrate 
hosts for blood meals, are fundamental in their affects 
on the epidemiology of bluetongue disease, but are 
reasonably understood for only a few species. 

Control 

Bluetongue vaccines evolved to make sheep farming 
possible in southern Africa in the early part of this 
century. The use of vaccines has thus been largely 
targeted at preventing clinical disease in South 
Africa, with the other major area of vaccine use being 
the USA. The advantages and disadvantages of the 
various vaccincs attenuated live, killed and inacti
vated and subunit vaccines have been explored in 
these Proceedings. Vaccines have not been applied, 
in an attempt to control virus spread, to those verte
brate species (buffalo, cattle and wild ruminants) in 
which bluetongue virus multiply but do not cause any 
clinical signs. 

Until recently, quarantine and movement controls 
were applied rigorously to prevent the spread of blue
tongue, as it appeared to be a world-threatening 
'emerging disease' being carried from continent to 
continent by the trade of permanently infected rumi
nants. Although many of these restrictions remain in 
place throughout the world, evidence presented in 
these Proceedings suggest such controls are not nec
essarily rational. Indeed, there is no evidence that the 
present distribution of bluetongue viruses has been 
influenced by these historical actions. 

Coordinating Research 

The publication of field and research information 
on bluetongue virus and its vectors, including 
papers presented at many scientific meetings, has 
helped the spread of information around the world. 



However, effective coordination has been achieved 
only relatively recently by means of specific sym
posia: 
• Bluetongue and related orbiviruses, Asilomar, Cal

ifornia, USA, ] 6-20 January 1984 (Proceedings 
edited by T.L. Barber, M.M. Jochim and B.I. 
Osburn) 

• Symposium on bluetongue, African horse sickness 
and related orbiviruses, Paris, France, 17-21 June 
1991 (Proceedings edited by T.E. Walton and B.I. 
Osburn) 

• First Southeast Asia and Pacific Regional Blue
tongue Symposium. Kunming, People's Republic 
of China, 22-24 August 1995 (these Proceedings) 
Publication of the proceedings of these meetings, 

in English and in Chinese, will provide further infor
mation on the history of bluetongue. Future meetings 
will lead to still more knowledge of bluetongue's 
complexities. 
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The Global Distribution of Bluetongue 

R.A. Hawkes* 

Abstract 

Bluetongue virus (BLU), earlier thought to be an emergent virus originating in the Afriean region, is now 
known to be endemic in most tropical regions of the globe, with sporadic incursions into subtropical and 
temperate regions. The 24 serotypes of the virus are not uniformly distributed throughoulthe globe, so their 
distribution has implications for immunisation programs and other aspects of trade in livestock. This paper 
summarises the known data on the present and past global distribution of bluetongue virus and its serotypes, 
and briefly discusses the possible factors associated with this distribution. 

BLUETONGUE virus (BLU) has the distinction of 
being the first of the arthropod-borne viruses to be 
isolated in the laboratory (Karabatsos \985). For 
some time bluetongue was considered to be a virus 
confined to Africa. its continent of initial isolation. 
However, the more widespread distribution of this 
virus throughout the world was later acknowledged, 
and the multiplicity of its serotypes recognised. At 
present, bluetongue viruses constitute a serogroup 
with 24 members: these 24 serotypes are differen
tially present, endemically or lransiently, over most 
of the tropical and subtropical parts of the globe. 

The purpose of this review is to present the current 
and past distribution patterns of BLU serotypes 
throughout the world. The subject is interesting scien
tifically and of some importance economically. From 
the scientific viewpoint, it is apparent that the ability of 
bluetongue viruses to persist pennanently or tran
siently in a given area is largely dependent on the pres
ence of sufficient populations of the appropriate 
vectors and hosts. This presence, in turn, depends on 
climatic variables such as temperature, altitude, mois
ture availability and wind patterns, as well as on other 
variables such as land-use, livestock transfer and hus
bandry practices. Why certain serotypes are found in 
different countries, but sometimes only in certain parts 
of such countries, are less well understood. 

The distribution of serotypes also has economic 
implications. Serotypes are delineated by their inabil
ity to show significant reciprocal cross-neutralisation 

* Virology Laboratory, Elizabeth MaeArthur Agricultural 
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with other BLU isolates in cell culture neutralisation 
tests. This classification is correlated with in vivo 
cross-protection. Given the lack of significant cross
protection between different serotypes, logic dictates 
that nations will have a cautious attitude towards 
importation of potentially infected ruminants from 
countries possessing exotic serotypes. In addition, the 
range of serotypes actually or potentially present in a 
country will influence vaccination policies, where 
such are practiced. 

Limitations of the Data 

Extensive surveys have shown that BLU exists epi
demically in most parts of the tropics and subtropics 
where there are sufficient populations of the appro
priate vector species and mammalian (ruminant) 
hosts (Gibbs and Greiner 1994). At distances further 
from the equator, the virus tends to occur intermit
tently, with incursions dependent on the variables 
mentioned above. In certain countries it is not possi
ble to be sure whether the available data represent a 
truly epidemic situation, or whether annual reintro
duction of the virus from nearby countries is occur
ring. Before describing the distribution of the 
serotypes themselves, it is important to discuss the 
limitations of the existing data. 

Imprecision 

Where the existence of BLU serotypes is based on 
virus isolation and identification, a high degree of 
reliability can be placed on the data. However, if 
reporting has been based solely on serological test
ing, less certainty is warranted. Where the agar gel 



immunodiffusion (AGID) test has been used, no indi
cation of serotype is possible, because of the group
reactive nature of the test. Furthermore, the results of 
such surveys are confounded both by insensitivity, 
leading to an under-estimate of prevalence, and by 
excessive cross-reactivity with other orbivirus 
groups, leading to an over-estimate of prevalence. 
Where the competitive enzyme linked immunosorb
em assay (cELlSA) with BLU group-reactive mono
clonal antibody has been used, the data are 
representative of genuine BLU infection prevalence 
but give no indication of serotype, 

In those cases where serological testing has been 
based on virus neutralisation (VN) tests in cell cul
ture, there is a much better prospect of establishing 
genuine serotype presence. Caution must be exer
cised even here, however, since a limited but definite 
cross-reactivity exists between members of different 
serotypes of the BLU serogroup, even with the VN 
test. Cross-reactive VN antibodies within an individ
ual animal are accentuated even further when multi
ple BLU infections occur (MacLachlan 1994). 
Furthermore, different studies have often employed 
variations in methodologies (for example, plaque 
inhibition rather than plaque neutralisation), and used 
different criteria for evaluation. 

For these reasons, the accompanying tables show 
serotype presence that has been established by virus 
isolation separately to that established by type-spe
cific serology. Where surveys using only AGID have 
been carried out in a country. this is noted in the text. 

Incompleteness 

The data presented here are incomplete for at least 
two reasons. First, sampling in many countries has 
been incomplete or even absent. Second, there has 
sometimes been a reluctance on the part of govern
ments to release data, for trade or other considera
tions. Indeed, serological evidence supporting virus 
presence has been formally published for several 
countries currently registered in the World Animal 
Health Reports of the Office Intemational des Epiz
ooties (OIE) as never having reported the disease. For 
these reasons, if a country is not mentioned in the 
accompanying data, this does not necessarily imply 
the absence of bluetongue virus. 

Freedom from clinical disease is not a good indica
tion of absence of the bluetongue virus, since it may 
be present in species which rarely exhibit symptoms, 
However, it is a reasonable assumption that countries 
at latitudes above those able to sustain vector species 
are indeed free of bl uetongue. 

Intra-national variability 

Bluetongue viruses are seldom present in equal 
intensity throughout the whole of a country because 
of within-country differences in climatic and other 
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factors. Sometimes this differential presence is 
renected in the literature, in that the locations of 
blood and vector samplings are given, but often it is 
not. This should be kept in mind when interpreting 
data from countries that embrace, within their bor
ders, large variability in latitude, altitude and precipi
tation patterns. 

Instability 

Even in areas where bluetongue viruses are 
endemic, the predominant serotypes are not always 
the same ones in successive years. Even in surveil
lance studies employing consistent methodology, 
viruses thought to be genuinely persistent in an area 
may sink to undetectable levels of prevalence from 
time to time, only to emerge in succeeding years 
(Gard and Melville 1992). The reasons for this 
cycling are largely obscure. It is beyond the scope of 
this review to present these year-by-year changes in 
serotype for parts of the world where bluetongue is 
endemic. 

In areas where the virus occurs transiently, disease 
tends to occur in immunologically naive populations 
of sheep. In such areas, it is not always the same sero
type which is involved in successive appearances, 
For these 'epidemic' areas, an attempt has been made 
to specify the serotype in each section, 

Global Distribution of Serotypes 

The following information, summarised graphically 
in Figure I, is presented under the continent/country 
classification adopted by the annual World Animal 
Health reports of the OIE, The designation 'disease 
never reported' is based on the OIE's latest available 
report (Anon. 1993), modified where reports in the 
scientific literature have indicated the presence of 
BLU antibodies or BLU isolations. 

Africa 

Of the 24 known BLU serotypes, only BLU23 has 
not been shown to be present in Africa (although only 
serological evidence exists for BLUI7, 20 and 21). 
Most BLU serotypes are probably endemic over most 
of the continent, with the possible exception of the 
north western comer (Gibbs and Greiner 1994). Of 
the 47 mainland and island African countries listed in 
the OIE reports, only seven (Algeria, Libya, Tunisia, 
Guinea Bissau, Ethiopia, Comoros and Madagascar) 
have either never reported the disease or never shown 
serological evidence of virus presence (Anon. 1993). 
Fifteen countries have clinical or serological evi
dence for virus presence, but no data on serotypes: 
Burkina Faso (Anon, 1993), Ivory Coast (Taylor and 
McCausland 1976), Ghana (Taylor and McCausland 
1976), Guinea (Konstantinov 1990), Mali (Maiga and 



Sarr 1992), Niger (Weitzman et a!. 1991), Chad (Tay-
101' and McCaus1and 1976), Zaire (Anon . 1992), Tan
zania (Hamblin et a!. 1990) , Somalia (Hussein-Hag et 
a!. 1985), Botswana (Simpson 1979), Mozambique 
(Ferriera and Rosinha 1986), and Zambia (Ghirotti et 
a!. 1991). Some countries have presented no data but 
BLU is probably present in most of these (Ozawa 
1985). Eleven African countries (OIE classification) 
have serotype-specific data (Table J). 

The distribution of serotypes shows no particular pat
tern throughout the continent, except that, so far as can 
be detern1ined from the uneven intensity of sampling, 

..... 

[=:J NO INFORMATION 

cm!] NEVER REPORTED (OIE) 

lEE] PRESENT. NO SEROTYPE INFORMATION 

iI!I!!I!II COUNTRIES WITH SEROTYPE INFORMATION 

Figure 1. Global distribution of bluetongue. 

Table I. Bluetongue (BLU) serotypes in Africa. 

OIE Country BLU serotypes identified by: 

the multiplicity of serotypes diminishes in the north, as 
distance from the equator increases. Both serotypes 
from Reunion were identified during an investigation of 
a single outbreak occurring on the island in 1979. 

The Americas 

The BLU status in the United States of America 
has been well studied for many years, and the situa
tion in Central America and the Caribbean studied 
increasingly in recent times. On the South American 
continent , studies have been more restricted and the 
southern limits of the virus have yet to be determined. 

Reference 
zone virus isolation serology (additional) 

2 

4 

5 

Egypt 

Morocco 

Camcroon 

Nigeria 

Senegal 

Kenya 

Sudan 

Malawi 

South Africa 

Zimbabwe 

Reunion 

1.12,16 

1,4, 5.12,14.16 

I, 2, 3, 5- 8, 10, I I, 12, 
16.22 

1,2.3.4.8.13,+3 
untyped 

1.2.4.5.16 

1-15.18,19,24 

11 

2 

4.10 

10 

4.9.13.20 

6.14 

? 9 others 

Barsoum 1992. Hafez and Ozawa 1981 

Tomori et al. 1992 

Ekue et al. 1985a. 1985b 

Sellers 1984. Hemiman et al. 1983, Lee et al. 
1974 

Lefevre and Taylor 1983 

Sellers 1984. Davies 1978 

6-10, 14, 17,20,21,22 Mohammed and Mellors 1990. Abu-Elzein 
1985, Elfatih et al. 1987 

I. 2, 3, 5, 8. 10, 14, 15, Haresnape et al. 1988 
20,21,22 

4 

8 

Sellers 1984, Nevill et aJ. 1992 

Blackbum et al. 1985 

Barrem et al. 1985 



Of the 37 American countries or island groups listed 
by OIE, five have presented no data and seven 
(Argentina, Bermuda, Bolivia, Cuba, Grenada, Haiti 
and Uruguay) have never reported the disease or posi
live serology (Anon. 1993). The OlE lists a further 
five countries (Belize, Paraguay, Venezuela, Montser
ral and SI. Vincenls and the Grenadines) as having 
clinical or serological evidence for the virus (Anon. 
1993). Chile (Tamayo et al. 1983), Ecuador (Lopez et 
al. 1985). French Guiana (Lancelot et al. 1989) and 
Peru (Rosadio et al. 1984) have untyped virus or 
group serology only. Other countries have serotype
specific information (Table 2). 

The Canadian data represent incursions of BLU 11 
into the Okanagan Valley in southwestern Canada in 
1975 and 1987/88. In the USA the virus is epidemic 
in the southern and western States (Gibbs and Greiner 
1994). BLUIO, 13, 14 and 17 may have evolved 
together in the USA over a long period of time but 
BLU2, which is apparently confined to the southern 
States, may be a recent introduction from elsewhere 

Table 2. Bluetongue (BLU) serotypes in the Americas. 

(Heidner et al. 1992). To date, the only serotype in 
common between those on the continent (Mexico and 
northwards) and those in the other parts of the Ameri
cas is BLUI7: with respect to bluetongue, the two 
regions appear to be distinct ecological zones (Gibbs 
and Greiner 1994). 

Asia 

Of the 35 Asian eountries listed by the OlE, nine 
have provided no data on BLU prevalence and ten 
(Bahrain, Hong Kong, Korea, ~longolia, Sri Lanka, 
Myanmar, Philippines, Singapore, Taipei China and 
Vietnam) have reported the absence of past disease or 
any positive serology (Anon. 1993). Nevertheless, 
some of these countries probably have one or more 
BLU serotypes. Five countries have reported the pres
ence of bluetongue disease and/or positive group serol
ogy: these are Laos, People's Republic of China 
(Anon. 1993), Iraq (Hafez et al. 1978), Yemen (Stan
ley 1990), and Bangladesh (Hakim 1985). Eleven 
countries have serotype-specific data (Table 3). 

OIE Country 
zone 

BLU serotypes identified by: References 

2 

3 

Canada 

Mexico 

USA 

Costa Rica 

El Salvador 

Guatemala 

Honduras 

Nicaragua 

Panama 

Barbados 

Dominican Republic 

Jamaica 

Puerto Rico 

Trinidad and Tobago 

Caribbean Islandsa 

Brazil 

Colombia 

Surinarn 

Guyana 

Virus isolation Serology (additional) 

11 (1975, 1977/78) Du1ac el aL 1992, Shapiro et al. 1987, Thomas 
et al. 1982 

10, 11, 13, 17 Stoll et al. 1989 

2. 10, 11, 13, 17 Gibbs and Greiner 1994, Heidner et al. 1992 

1.3,6 Mo et al. 1994 

1,3.6 Mo et al. 1994 

1,3,6,17 Moetal.1994 

1, 2, 6, 17 Mo et al. 1994 

I. 3, 6 Mo et a1. 1994 

1,3,6 Mo et al. 1994 

1,3 

4.6,8 

3,12 

3,4,17 

3 

4 

1,6,12,14,17 

1,6,12,14,17 

6,14,17 

6,14,17 

Moetal. 1994 

Moetal. 1994 

Moetal. 1994 

Mo et al. 1994. Shaw 1992 

Mo et al. 1994 

Mo et al. 1994 

Gurgel-da-Cunha 1990. Grocock and 
Campbell 1982 

Homan et al. 1992 

Homan et aI. 1992 

Homan el al. 1992 

a Antigua, Barbados, Grenada, Jamaica, SI. Kitts, St.Lucia, Trinidad and Tobago. 
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Table 3. Bluetongue (BLU) serotypes in Asia. 

DIE Country BLU serotypes identified by: References 
zone Virus isolation Serology (additional) 

Iran 3 (7, 20, 22) Moakhar et al. 1988 

Israel 2,4,6,10,16 Hassan 1992, Sellers 1975 

Jordan 6 (2?, 4,9,13,\5) Taylor et al. 1985, Taylor and Mellors 1994 

Oman 3,4,6,14.15,17,19, AI·Busaidy and Mellors 1991, Taylor et al. 
20.21,22 1991 

Saudi Arabia 6,14,17,19,20 Hafez and Taylor 1985 

Syria 2,4,6,9, 13,15 Taylor et al. 1985, Taylor and Mellors 1994 

2 India 1,2,3.4,8,9,12.16, 5,6,7.10,11,14,15, UppaJ 1992, Kulkami et al. 1992 
17,18 

Pakistan 16 

3 Indonesia 1,7,9,12,21, 23 

Japan 

Malaysia 1,2,3,9,16,23 

Oceania 

There is currently no evidence for the presence of 
BLU in Fiji, New Caledonia (St George. 1992), New 
Zealand (Ryan et al. J 991) or Vanuatu (Doyle 1992). 
Papua New Guinea apparently has at least three sero
types, thought on serological grounds to be BLUt, 21 
and 23 (Gard et al. 1985, D.H. Cybinski, pers. 
comm.). An un typed strain of the virus has been iso
lated from the Solomon Islands (Doyle 1992). Eight 
BLU serotypes (BLUl, 3,9, 15, 16,20,21 and 23) 
have been isolated in Australia (Doyle 1992), but the 
southern part of the continent is free of the virus, as is 
Tasmania (Sadler and Witt 1992). Six of the eight 
serotypes are apparently confined to the northern
most part of the continent, with only BLUl and 21 
having a wider distribution southwards (Ward 1994). 

Europe 

Of the 33 European countries submitting reports to 
OIE, 28 have not experienced bluetongue (Anon. 

Table 4. Bluetongue (BLU) serotypes in Europe. 

20 

Riller and Roy 1988 

Sendow et al. 1993 

1,12,20 Miura et al. 1982 

5,20,21 Hassan 1992, Sharifah et al. 1995 

1993). The virus is thought not to be endemic within 
mainland Europe at present (Gibbs and Greiner 
1994), with the possible exception of Turkey (Sellers 
1984). Most outbreaks in Europe appear to have been 
introduced from elsewhere and the virus has tended 
to die out after epidemics. Five European countries 
have identified serotypes (Table 4). 

Discussion 

The global distribution of BLU serotypes can be 
expected to be in a state of continuous flux as cli
matic changes, especially those relating to tempera
ture, rainfall and wind patterns affect the distribution 
of vectors and hosts. In addition, changes in land use, 
especially those relating to the geographical distribu
tion of ruminants, influence the areas where new 
BLU serotypes can intrude and perhaps persist. 

The current situation, as presented above, is subject 
to the limitations previously mentioned, especially 

DIE Country BLU serolypes identified by: References 
zone 

2 Cyprus 

Greece (Lesbos, Rhodes) 

Portugal 

Spain 

Turkey 

Virus isolation 

3 (pre-1965) 

4 (1969, 1977) 

4 (1979) 

10 (1957-59) 

10 (1957-60) 

4(1977-80) 

Serology (additional) 

10, 12 Ritter and Roy 1988, Polydorou 1978 

2 (1981) 

10 

Papadopoulos 1992 

Sellers 1984 

Sellers 1984 

et al. 1992 



the one of non-unifonn sampling across the whole 
globe. Nevertheless, an overall global analysis, based 
conservatively on virus isolation alone, reveals some 
interesting trends which can be discu ssed tentatively , 
pending the acquisition of further data. 

With reference to bluetongue, Central America 
(south of Mexico) is grouped with the Caribbean and 
South American countries (Gibbs and Greiner 1994). 
Using this modified alE country classification, it is 
interesting to compare the distribution of serotypes in 
the fiv e endemic wnes (Fig. 2). Of the 24 BLU sero
types, 20 have been isolated in Afr ica, 16 in Asia, 
eight in AustralialOceania, seven in Central/Carib
bean/South America, and five in North America. (In 
the present d iscussion, Europe is best regarded as an 
'incursion zone '. of little significance in BLU epide
miology. ) On the basis of multiplicity of serotypes, it 
probably remains reasonable to postulate that the 
original source of BLU was in Afr ica. 

Six serotypes have been isolated only from one 
continent; BLU5, 14, 19, 22 and 24 from Africa, and 
BLU20 from Australia. Six serotypes have been iso
lated on ly from two of the OIE group ings: BLU7 and 
18 have been recovered fro m both Africa and Asia, 
BLU 11 and 13 have been isolated from both Africa 
and North America, and BLU2 1 and 23 have been 
recovered from both Asia and Australia . Ten sero
types (BLU2, 4, 6 , 8, 9, 10, 12,1 5, 16 and 17) have 
been recovered from three of the fi ve geographical 
groupings. Finally, two serotypes (BLU 1 and 3) are 
very widespread in their distribution, hav ing been 
fou nd in all continents and isl and groupings with the 
exception of northern America. At present, no sero
types have been recovered from all fi ve geographical 
groupings. 

SEROTYPES Isou-rEO FROM: 

c::::::J ONE ZONE ONLY 

E\tZl TWO ZONES 

_ THAEE ZONES 

Whether these trends reflect the real state of 
affairs, or whether they represent grossly incomplete 
sampling, remains for future research to determine. 
Progress on defining the situation in the People's 
Republic of China is reported in these Proceedings. 
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Bluetongue Viruses in India: a Review 

D. Sreenivasulu*, M.V. Subba Rao* and G.P. Gardt 

Abstract 

After the first outbreak in 1964, bluetongue has become endemic even in native Indian sheep, Antibodies 
were found hy AGID in 4556% of native sheep and goats respectively, with 5.25% more posilives detected 
by cELISA. Initially, the morbidity among native sheep was 80%. There is no evidence of clinical blue
tongue in cattle and goats despite a high incidence of seroconversion. The pattern of disease in native sheep 
was studied during 1983-1994. Morbidity was cyclical and ranged from 2% to 27.7%, while the rate of case 
fatalities ranged from I % to 27.6%. Bluetongue occurred in India between June and October, after the onset 
of rains. In Andhra Pradesh (south India), the disease occurred during September to October when the tem
perature was moderate, between 25° to 32°C. Several bluetongue virus (BLU) serotypes have been identi
fied among exotic and crossbred sheep and, recently, BLU has been isolated and identified from native 
sheep. The clinical nature and severity in natural and experimental bluetongue infeetion among native sheep 
differed slightly from that among exotic and crossbreeds. 

BLUETONGUE has become one of the important dis
eases of sheep in India, being reported annually from 
the states of Andhra Pradesh, Tamil Nadu, Karnataka 
and Maharashtra. The disease is considered to be a 
serious problem in native sheep in southern India. 

Clinical Signs and Symptoms 

Exotic breeds of sheep, like Corriedale, Merino and 
RambouiJIet, exhibit classical symptoms of blue
tongue (Uppal and Vasudevan 1980; Vasudevan 
1982; Jain et aL 1986) and a similar clinical picture 
was noticed in crossbreeds. Swollen ears hanging 
while the sheep were grazing in the hot sun was usu
ally the first symptom observed by shepherds, with 
affected sheep trying to seek shade. 
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Native sheep, however, showed less conspicuous 
swelling of the face and lips. The mucocutaneous 
borders of lips do appear to be very sensitive to touch 
and bleed easily upon handling, but cyanosis of the 
tongue and reddening of the coronary band is not evi
dent in many cases. The inconspicuousness of thcse 
signs can mainly be attributed to the general appear
ance of the native sheep, as some of the breeds have 
pigmented skin, mucous membranes and tongue. 

Morbidity and Mortality 

In 1961, bluetongue outbreaks were recorded among 
native sheep and goats in Maharashtra, with a mor
bidity of 16 to 20% and a case fatality of 20% (Sapre 
1964). During 1981, bluetongue was widespread in 
southern states. In Maharashtra, morbidity and mor
tality rates were 9.7% and 1.1% respectively, with a 
case fatality rate of 11.5% (Harbola et al. 1982). Dur
ing subsequent outbreaks, the severity of the disease 
increased with an overall morbidity of 32%, mortality 
of 8% and case fatality of 25% (Kulkami et al. 1992). 

Bluetongue epidemics occurring in Andhra Pradesh 
in 1981 were more severe than in Maharashtra, with 



morbidity and mortality rates of 30% and 6.5% 
respectively. In 1983 bluetongue outbreaks were 
reported from all over Andhra Pradesh with a case 
fatality rate of 21.9%. The increased case fatality rates 
could be ascribed to an increase in virus virulence. 
Bluetongue was subsequently noticed regularly in this 
state with case fatality rates ranging from 2.4% to 
22.2%. A cyclical pattern in the disease was observed 
with variations in severity of infection (Table I). The 
severity of bluetongue was also greater in Karnataka 
during the 1981 epidemic (Srinivas et al. 1982). From 
1986, a total of 77 outbreaks were reported from 
Tamil Nadu over a period of five years, with morbid
ity rates from 3.3% to 22.8% and mortality rates from 
0% to 6.1 % (Saravanabava 1992). 

In north India, the first episode of bluetongue was 
recorded in Haryana in 1972. with a morbidity of2%. 
Subsequcntly, outbreaks were noticed regularly with 

severe clinical disease during 1975 and 1982. The 
morbidity rate was 10% in adults and 20% in weaners 
with mortality rates of 0.5% and 1.3% in adults and 
weaners respectively (Vasudevan 1982). Bluetongue 
again appeared in 1985 affecting 48 Rambouillet 
sheep, resulting in 15 deaths among 565 animals. In 
1986 and 1988 the disease occurred with 7.7% mor
bidity and a case fatality rate of 38.9% (Mahajan et 
al. 1991). Bluetongue was also noted in Russian 
Merinos in Himachal Pradesh in 1973: of 96 sheep, 
41 were affected and eight died (Uppal and Vasude
van \980). 

The most recent data show India's bluetongue situ
ation in 1992193 (Table 2). Andhra Pradesh experi
enced severe outbreaks in September, October and 
November 1993. The available data suggest that 
bluetongue is endemic in southern India, in contrast 
to the absence of reports from northern India. 

Table 1. Bluetongue outbreaks in sheep in Andhra Pradesh. 1983-1994. 

Year Organised farms Village flocks 

Morbidity Mortality Case fatality Outbreaks Attacks Deaths Case fatality 
(%) (%) (%) (%) 

1983 7.2 1.2 16.4 1103 246737 54042 21.9 

1984 2.0 

1985 6.7 1.8 27.6 311 13093 1652 12.6 

1986 2.8 0.1 4.8 35 2225 99 4.4 

1987 4.8 101 6609 157 2.4 

1988 11.1 1.6 14.5 225 53293 6036 11.3 

1989 5.3 112 7959 523 6.6 

1990 27.8 0.5 1.9 119 3719 405 10.9 

1991 2.4 284 19975 1056 5.3 

1992 8.1 0.6 7.3 55 929 I11 11.9 

1993 3.1 168 6543 306 4.7 

1994 na na na 283 41717 9261 22.2 

na =data not available. 

Table 2. Bluetongue situation in India in 1992 and 1993 (from Agricultural Informaties Division. Department of Animal 
Husbandry and Dairying. Indian Ministry of Agriculture). 

Slate 1992 1993 

No. of outbreaks No. of eases No of. deaths No. of outbreaks No. of. cases No. of deaths 

Andhra Pradesh 55 929 II1 168 6543 306 

Kamataka 7 126 15 2 2093 5 

Maharashtra 4 279 49 9 271 24 

Tamil Nadu 16 690 190 2 140 15 

Total 82 2024 365 181 9047 350 
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Species and Breeds 

Antibodies to bluetongue virus (BLU) have been 
detected in sheep, goats, cattle and buffalo sera but 
not in horse and camel sera (Prasad et al. 1987). No 
information is available on infections in wild animals 
in India. However, elephants appear to show serocon
version (Mehrotra and Shukla 1990). Although Sapre 
(1964) reported clinical disease in sheep and goats, 
only sheep have been observed to exhibit characteris
tic clinical symptoms in all subsequent outbreaks of 
the disease. Cattle, goats and buffalo have not shown 
any clinical signs, even when they have been in close 
association with affected sheep and seroconversion 
has been recorded. 

Severe clinical disease was noticed in Dorset 
sheep on a farm in Andhra Pradesh in 1974. How
ever, native sheep maintained in close proximity on 
the same farm did not show any symptoms. The 
available farm data indicated that the disease did 
occur in native sheep from 1985 onwards. Though 
clinical signs of bluetongue were observed in exotic 
breeds (eg. Merino, Rambouillet, Corriedale, Suffolk 
and Dorset), another exotic breed, Karakul, main
tained on the same farm did not show any symptoms 
(Sharma et al. 1985). Rambouillet and Merinos and 
their crosses were found to be more susceptible than 
Dorset and Suffolk breeds and their crosses. Native 
sheep maintained together with exotics and their 
crossbreds were also reported to suffer from blue
tongue (Harbola et al. 1982; Sharma et al. 1985; 
Mullick 1988). 

Age 

Our investigation in Andhra Pradesh revealed that' 
sheep aged 6 to 12 months of age were more suscepti
ble than adults. Disease has not been noticed in 
lambs. Similar observations have also been reported 
from Maharashtra and Haryana (Uppal and Vasude
van 1980; Harbola et al. 1982). In contrast, severe 
infections in adult sheep have been reported from 
Tamil Nadu, 

Vectors 

The primary vectors of BLU viruses are midges of 
the genus Culicoides. Various species of Culicoides 
fed on viraemic sheep differed in their susceptibility 
to infection. The Culicoides species that transmit the 
disease vary from country to country. Jain et al. 
(1988) isolated BLU from Culicoides midges but 
the species involved was not identified. Information 
on the vector species that transmit infection in India 
is lacking. 
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Seasonality 

Maximum numbers of outbreaks in Andhra Pradesh 
were recorded during the south-west monsoon period 
(June to September), whereas in Tamil Nadu out
breaks were more frequent during north-west mon
soon periods (October to December). In south India, 
the monsoon season (June to December), with its 
temperatures ranging from 21.2 to 35.6°C, appears to 
be a favourable period for the multiplication of Cuti
co ides resulting in more outbreaks. In Haryana State 
in north India, outbreaks were reported between April 
and October. In Rajasthan, outbreaks were mostly 
confined to September and November (Mahajan et al. 
1991; Sharma et al. 1985). The available data indicate 
that outbreaks were not recorded in north India dur
ing winter (December to March). 

Seroprevalence 

Serological studies conducted in Andhra Pradesh 
using agar gel immunodiffusion (AGID) revealed the 
presence of antibodies in 45.7% and 43.6% of sheep 
and goats respectively. When a competitive enzyme 
linked immunosorbent assay (cELISA) was used, 
5.2% more positives were detected. Prasad et al. 
(1987) showed the presence of BLU antibodies in 
82.2% of exotic sheep which had aborted and 36.6% 
of apparently healthy exotic sheep in Haryana. Sodhi 
et al. (I 981) noted antibodies in 6.6% of sheep and 
1.44% of goats in Punjab State, whereas Bandopad
hyay and Mullick (1983) reported 3% prevalence of 
BLU antibodies in goats in Ultar Pradesh. 

Our investigations have revealed the presence of 
antibodies in 23% of native cattle and 71.9% of 
exotic cattle in Andhra Pradesh. Oberoi et al. (1988) 
demonstrated the presence of BLU antibodies in 
37.5% of buffalo and 70% of cattle sera in Punjab. In 
Gujarat, 13.4% of buffalo and 15.6% of cattle sera 
were positive for BLU antibodies (Tongaonkar et al. 
1983). Jain et al. (1992) noticed that the incidence of 
BLU antibodies was higher in buffalo (10.6%) than 
in cattle (4.2%). Mehrotra and Shukla (1990) 
reported that prevalence of BLU antibodies ranged 
between 16.2% and 62.2% in different states. Infor
mation is lacking on the seroprevalence of antibodies 
in eastern and north-eastern India. 

Bluetongue Virus Serotypes 

BLU serotypes 2 and 12 were identified on the basis 
of neutralising antibodies in serum samples collected 
from experimentally inoculated sheep and cattle 
which, after inoculation with clinical material, sero
converted during the disease outbreak in 1993 in 
Andhra Pradesh. Field sera revealed neutralising anti-



bodies to BLU4, 12, 13, 14, 17, 18 and 19, indicating 
the circulation of mUltiple serotypes. Studies on the 
prevalence of BLU serotypes in India (Table 3) have 
shown a total of eight serotypes, and have identified 
neutralising antibodies to 17 serotypes (Vasudevan 
1982; Tongaonkar et aL 1983; Janakiraman et aL 
1991; Mehrotra and Misra 1993). 

Table 3. BLU serotypes in India. 

State Species Basis for serotyping 

Virus Neutralising 
antibodies 

Tamil Nadu sheep 3,16 1. 4-7. 11, 
12.14-17, 
19.20 

Andhra sheep 2 4,12.13. 
Pradesh 14,17.18, 
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cattle 6. 12 

Kamataka cattle 1,14,16 

Maharashtra sheep 1.2,3,4. 
9.16,18 

Gujarat buffalo 1, IS, 17 

cattle 2,12.20 

Madhya sheep 18 
Pradesh 

UUar Pradesh sheep 9,18 

Haryana sheep 1,4 14 

cattle 1,2,8,12, 
16 

Himachal sheep 3,9,16,17 4 
Pradesh 

Jammu & sheep 18 
Kashmir 
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Serological Study for Bluetongue in Thailand 

Bunchong Apiwatnakorn*l, Prim Bura*2 and Orapan Pasavorakul*3 

Abstract 

Serological testing for bluetongue in Thailand began in 199 J. Agar gel immunodiffusion (AGID) was used 
to test sera from 522 imported and domestic cattle. native sheep and goats, for which positive rates were 
28.6%,39.4% and 73.0% respectively. Though a high seropositive rate was found in native sheep, the tested 
animals showed no clinical disease. Bluetongue has not yet posed any significant or detectable animal 
health problem for ruminant farming in Thailand. 

THAILAND is located on the mainland of Southeast 
Asia: its borders adjoin Myanmar to the west and 
north, Laos to the north and east, Cambodia to the 
east, and Malaysia to the south. Thailand's area of 
513,115 km2 can be divided into the fertile central 
plain, the mountainous north, the semi-arid northeast 
and the topographically diverse south. There are two 
distinct climates: a tropical savanna climate from the 
Gulf of Thailand to the north and a tropical monsoon 
climate in the south. The year generally has three sea
sons: hot, rainy, and cool, except in the south where 
there is no distinct cool season. 

The livestock industry in Thailand is expanding 
both to meet the demands of the increasing domestic 
population and 10 supply world markets. Beef and 
dairy cattle populations are increasing, and provide an 
important source of cash income for villagers. 
Recently large numbers of breeding animals (beef and 
dairy cattle breeds, i.e. Brahman and Friesian) have 
been imported into Thailand, mainly from USA, Aus
tralia and New Zealand, and draught animals have 
also been imported from neighbouring countries 
(Table I). In 1994, Thailand's livestock population 
was estimated at about 5.6 million cattle, 4.6 million 
buffaloes, 162000 sheep and 120000 goats (Table 2). 

* Department of Livestock Development, Bangkok, Thai
land (1 National Institute of Animal Health; 2Veterinary 
Service Division; 3Disease Control Division). 
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Thailand has not experienced any clinical blue
tongue disease in sheep or cattle. Thailand has regu
lations for the importation of animal and genetic 
materials: the imported animals must be tested for the 
disease within the month before export if they are 
from bluetongue-infected areas, or be certified as 
having originated from bluetongue-free areas. How
ever, evidence of bluetongue in Thailand has been 
determined by the serological testing that began in 
1991. 

Methods 

Serum samples were collected from 297 imported 
cattle, 128 native cattle, 60 sheep and 37 goats. The 
imported cattle were bled two to five days after 
arrival. All serum samples were tested for antibody to 
bluetongue (BLU) by agar gel immunodiffusion 
(AGID). The antigen was prepared from BLUI at 
National Institute of Animal Health, Bangkok (Api
watnakom et al. 1994). 

Results 

AGID tests for BLU antibody were carried out on 
sera collected between 1991 and 1994 from 522 
imported cattle, native cattle, sheep and goats: serop
ositive rates were 28.6%, 59.4%, 75% and 73% 
respectively (Table 3). 



Table 1. Number of imported animals/semen by export country, 1994 

Ex port country No. of cattle No. of buffalo No. of horses Dose of cattle 
semen 

Beef 

Australia 135 11750 

Canada 4 31600 

Denmark 9 

France 20000 

Germany 2 20055 

Japan 10000 

Laos 95 2970 

Malaysia 9 34 

Myanmar 1353 500 

Netherlands 2 

New Zealand 4667 5815 

USA 530 84 34468 

Total 5199 lOll 1448 3470 264 133688 

(Source: Division of Planning, Department of Livestock Development, Bangkok). 

Table 2. Livestock population in Thailand. 

Year Cattle Buffalo Sheep Goats Horses 

1990 5668530 4694290 162496 120519 19758 

1991 6626971 4805071 166102 136035 20331 

1992 7121479 4728271 176229 159642 18852 

1993 7472573 4804146 110465 151860 18047 

1994 7637350 4224791 90508 141076 14032 

Table 3. Results of serological testing by AGID for 
bluetongue virus antibodies, Thailand 1991 to 
1994. 

Animals Total no. of No. positive (%) 
animals tested 

Imported cattle 297 85 (28.7%) 

N ati ve cattle 128 76 (59.4%) 

Sheep 60 45 (75.0%) 

Goats 37 27 (73.0%) 

Discussion 

Although BLU antibodies were detected in Thailand 
in sera from native cattle, sheep and goats, clinical 
signs have not been seen nor has virus been isolated. 
In many countries, the prevalence of infection in 
ruminants has been reported as greater than 50% 
even though clinical disease has never been 
recorded (Gibbs and Greiner 1988). This study sug
gests that BLU may occur in Thailand, which is a 
tropical country suitable for BLU vectors. Blue-

21 

tongue infections are common in sheep, cattle and 
other ruminants in most tropical, subtropical and 
temperate zones of the world (Eaton et al. 1989). 
The distribution of BLU is focal, with the focality 
depending primarily on the range of the host reser
voir, vector and domestic animals. As the range of 
vectors depends on temperature and water availabil
ity, BLU will spread more rapidly at warm tempera
tures as vectors develop to maturity more rapidly 
(Shope 1992). 

Despite Thailand's regulations for importing ani
mals and genetic materials (including BLU testing 
within one month of shipment), some imported cattle 
have shown positive reactions to BLU. Although this 
study focuses only on serological studies, our results 
are expected to warn all those concerned with import
ing animals and/or genetic materials into Thailand to 
prevent the introduction of exotic viruses. 
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Recent Studies on Bluetongue 
in Peninsular Malaysia 

S.S. Hassan*, G.P. Gardt , I. Polkinghorne§, M.A. Abdul Rahman*, 
A. Aziz Hussin*, M. Maizan*, M. Zainal* and L. Aminah Kadariah* 

Abstract 

Bluetongue is endemic in Malaysia. Bluetongue virus infection is widespread among local cattle, buffalo, 
sheep and goats, but the clinical fonn of the disease is inapparent in indigenous sheep. The Veterinary Re
search Institute and CSIRO collaborated to investigate bluetongue in Malaysia. Sentinel groups of cattle and 
sheep were established at four sites throughout the country. Blood samples from these sentinels were col
lected over a nine-month observation period. Sixteen viruses isolated from heparinised blood samples were 
typed by the plaque-reduction test into six different serotypes: BLUI, 2, 3. 9, 16 and 23. The pathogenicity 
of five bluetongue virus serotypes was studied by intravenous inoculation of 0.5 mL heparinised blood of 
the original isolates into progenies of imported commercial Merino-Border Leicester crossbred sheep. 
shown free of bluetongue antibodies by AGID and competitive ELISA. Although virus titres in their blood 
ranged from 102.4 to 101.9 ECE LDSV0.5 mL. the sheep did not show any clinical signs. 

THE first documented evidence of bluetongue in 
Malaysia came in 1977 when antibodies were 
detected by agar gel immunodiffusion (AGID) tests 
in healthy local and imported ruminants (Anon. 
1978). However, despite the serological evidence of 
bluetongue infection. local animals seemed naturally 
resistant as no overt clinical signs were reported. 

In October 1987. an outbreak of bluetongue 
occurred in Malaysia in a batch of sheep imported 
from South Australia (Chiang 1989). Bluetongue 
virus (BLU) serotype I was recovered from one of 
the dead sheep and serological evidence also indi
cated presence of BLU3 and BLU8 (serotyping by 
Pirbright Laboratories, U.K.). During the outbreak, 
the local in-contact goats and sheep did not suffer 
from the disease. In 1990, following the outbreak, 
another comprehensive serological survey involving 

* Veterinary Research Institute, PO Box 369, 30740 lpoh. 
Perak, Malaysia. 
Bureau of Resources Science, Department of Primary 
Industries and Energy, PO Box Ell, Queen Vietoria Ter
race. Parkes, ACT 2601 Australia. 

§ QueenSland Department of Primary Industries, PO Box 
1085. Townsville, Queensland 4810. Australia. 
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16 340 ruminant animals was conducted using AGID 
(Dell a-Porta et al. 1983). In that survey, virus replica
tion appeared to be highly active among cattle and 
buffalo in comparison to recently imported Poll Dor
set sheep and local goats. These results add to the evi
dence that BLU infection is widespread and endemic 
in Malaysia. 

The incidence of bluetongue disease has caused 
great concern to the sheep industry, as Malaysia's 
aim to increase the genetic potential of its breeding 
stock now faces a major problem in the susceptibility 
of imported animals to bluetongue. A collaborative 
research program to investigate bluetongue in West 
Malaysia was therefore developed between Malaysia 
and the Bureau of Rural Research, Australia. The 
main aim was to accumulate more data on the disease 
status in Malaysia in order to formulate suitable and 
effective control measures for BLU infections in 
sheep. As there are 24 BLU serotypes known world
wide. the preliminary project was targeted at the iso
lation, identification and characterisation of BLU 
serotypes causing clinical disease in Malaysia. This 
paper outlines current research findings on the epide
miology of BLU infections in Malaysia and discusses 
prospects for the control of the disease, especially in 
imported temperate breeds. 



Current Research Findings on the 
Epidemiology of Bluetongue 

Occurrence or Culicoides species 

Bluetongue viruses, like many other orbiviruses, 
are dependent on Culicoides for their natural trans
mission. Culicoides brevitarsis, the main BLU vec
tor in Australia, also occurs in Papua-New Guinea, 
Solomon Islands and Indonesia (Doyle 1992). How
ever, in a survey of Culicoides species collected in 
five sheep sheds in West (peninsular) Malaysia, C. 
brevitarsis was collected from only two farms and in 
very low numbers. On the basis of observed abun
dance, distribution and host preference, C. peregri
nus, C. orientalis and C. shortii are considered the 
important BLU vectors in Malaysia (Cheah and 
Rajamanickum 1991). 

Vector competence studies need to be conducted 
on these three species, and on several others collected 
near livestock. Studies of the genetic and environ
mental factors controlling the complex traits of vector 
capacity, vector--virus-host interactions and vector 
ecology will be of considerable importance in achiev
ing a full understanding of bluetongue disease, epide
miology and use of vaccines. However, there is a 
current lack of expertise and facilities in these various 
disciplines in Malaysia to support such research. 

Sentinel herds 

In the absence of clinical bluetongue disease in 
local ruminants, the use of sentinel herds was the 
most effective approach to obtaining BLU isolates. 
In March 1991, three herds of sentinel calves, tested 
negative for BLU antibodies by AGID, and an anti
body-negative flock of adult sheep were established 
on four government farms in West Malaysia. 
Heparinised and clotted blood samples were col
lected weekly or biweekly from each individual\y-

identified sentinel animal over a nine-month obser
vation period. During this study, BLU infections of 
sentinels were found to be associated with periods of 
higher rainfall, with the incidences of seroconver
sions being markedly highcr in cattle than in sheep 
(Sharifah et al. 1995). 

Virus isolation and serotyping 

The sera of the sentinel animals were examined by 
AGID for antibodies to bluetongue and the 
heparinised bloods of seroconverting animals were 
tested for the presence of virus (Gard et al. 1988). 
Briefly, virus recovery was attempted in an isolation 
system involving passage through embryonated 
chicken eggs (ECE), the C6!36 cell line of Aedes 
albopictus, and BHK21 cell cultures. Virus was 
detected by the microscopic observation of cyto
pathic effect (CPE) in the BHK21 cell mono layers. 
Cytopathic agents were grouped as BLU by an indi
rect immunospot peroxidase test using a monoclonal 
antibody to VP7 of BLUI (Gard and Kirkland 1993). 
Viruses serogrouped as BLU were then serotyped in 
a plaque reduction test (Gard and Kirkland 1993) 
against reference antisera (supplied by Or B. Eras
mus, Veterinary Research Institute, Onderstepoort, 
Republic of South Africa) to each of the 24 interna
tionally recognised BLU serotypes. Sixteen blue
tongue viruses were recovered from the heparinised 
bloods of seroconverting sentinels: one was from a 
sheep in Pusat Pembiakan Kambing, Kuala Pah, and 
the remainder were from cattle from all three sites 
(Table I). From the 16 isolates, 6 serotypes BLut, 2, 
3, 9, 16 and 23 (Table I; Sharifah et al. 1995) were 
identified, with serotype identities confirmed by Or 
B. Erasmus. 

At the Veterinary Research Institute, Perak, work 
is continuing on isolating BLU, especially from sick 
and aborting sheep as isolations from these sheep 

Table 1. Bluetongue virus serotypes isolated from heparinised blood collected from sentinel livestock at four siles in 
Peninsular Malaysia. 

Location 

Batu Arang 

lelai Gemas 

KualaPah 

May 1991 

BLUI 

BLU9 

BLUI 

BLUI 

June 1991 

BLU2 

BLU2 

BLUI 

BLU2 

BLUI6 

Month of blood collection 

October 1991 

BLUI6 

24 

December 

BLUl 

BLU3 

1991 1992 

BLUI 

BLUI 

BLU3 

BLU23 



may reflect the virulence of the virus. To date, three 
bluetongue viruses have been isolated from sick 
sheep in Institute Haiwan, Kluang, although these 
viruses have not yet been serotyped. 

Pathogenicity of Malaysian BLU viruses in 
crossbred sheep 

Sharifah et al. (1996) studied the pathogenicity of 
five serotypes of BLU isolates. The trial was con
ducted on the progeny of commercial Merino-Border 
Leicester crossbreds in a Culicoides-proof room, 
using twelve sheep tested as free of BLU antibodies 
by AGID and cELlSA (Gard and Kirkland 1993). 
Heparinised blood (0.5 mL) containing viruses of 
each of the original isolates from the sentinels 
(BLUI, 2, 3, 9 and 23) was administered intrave
nously to two sheep (Le. each virus serotype was 
inoculated into two sheep). Two sheep were not inoc
ulated and kept as controls. The viruses were titrated 
by the intravenous inoculation of infected blood into 
11- to 13-day-old ECE. As calculated by the method 
of Reed and Muench (1938), the titres of the viruses 
were low (102.4 ECE LDsdO.5 mL to 101.9 ECE 
LD5dO.5 mL). The progeny of the imported cross
bred sheep did not show any clinical signs of blue
tongue (Table 2) except for a mild rise in body 

temperature (1-2"C) in two sheep (one inoculated 
with BLV9, the other with BLU23 at 5 days post
infection). However, as one sheep in the control 
group also showed a rise in body temperature this 
response may not be indicative of BLV infection. In 
this trial, all the viruses were reisolated from the 
sheep's heparinised blood, collected on days 5 and 8 
(Le. at peak virus titres; Uren and Squire 1982), indi
cating the presence of virus in peripheral blood. The 
lack of clinical signs suggested some degree of toler
ance or resistance to the disease in the shecp. How
ever, because they did not producc disease in 
crossbreds, the virulence of these viruses cannot be 
determined until susceptible purebred sheep are used 
in pathogenicity trials. 

Isolation ofBLU viruses from pneumonic lungs 

BLV isolations were attempted on 200 pneumonic 
lung samples submitted to the laboratory by three 
government famls with problems of pneumonia in 
sheep. Virus isolations were conducted in ECE as 
previously described. Although BLU antigen-cap
ture ELISA (Meecham 1992) was conducted to detcct 
any bluetongue viruses from the harvested and 
homogenised liver and heart of the egg embryos, 
none were isolated from any of the samples. 

Table 2. Responses of sheep 10 five Malaysian bluetongue virus serotypes. 

Virus TitresECE Sheep no. Rectal AGID Competitive Antigen 
serotypes LDsol0.5 mL temperature ELlSAb capture" 

(dpia) EllS A on 
egg embryos 

21 

LIOIT low +ve positive 

LlIOO low +ve positive 

2 102.0 L989 low +ve positive 

Ll030 low +ve positive 

3 102.0 Ll480 low +ve positive 

L702 low +ve positive 

9 101.9 Ll497 5th dpi 1+ +ve positive 

Ll500 2+ 2+ +ve positive 

23 102.4 L984 2+ +ve positive 

L985 5th dpi low +ve positive 

Control 1486 negative 

1478 5th dpi negative 

a dpi days post-infection 
b % inhibition >50%+ 

% inhibition <: 40%-
negative controls 0.0. 1.1-1.6. 

c OD> 0.25+ 

25 



Proposed Measures for Control 

Import regulations 

As both bluetongue viruses and disease have been 
identified in Malaysia, overemphasis on importation 
of seronegative, susceptible animals will result in 
losses from infections contracted after arrival in this 
country. Provision of vaccines should be part of all 
national livestock development programs which 
involve the introduction of exotic breeds. One of the 
problems with BLU vaccination is that immunity 
afforded by one serotype does not protect against oth
ers. Identification of pathogenic BLU serotypes 
present in the country is extremely valuable in ena
bling the efficient immunisation of susceptible shecp 
before importation, thus avoiding the uncontrolled 
introduction of BLU vaccine viruses which may be 
inappropriate for protection against local serotypes. 

However, due to genetic differences even within 
similar serotypes, there is concern that vaccine virus 
may reassort with Malaysian viruses resulting in 
more virulent strains. One way to minimise this risk 
is to hold sheep for at least 14 days after vaccination 
in the exporting country to allow virus clearance 
before importing them into Malaysia. This is useful 
because viraemia in sheep increases rapidly to a peak 
on the 5th to 8th day after infection, decreasing rap
idly to be scarcely detectable on the 11 th to 12th day 
(Luedke 1969; Uren and Squire 1982; Jeggo et at. 
1985). Further surveillance of these sheep after 
importation should include regular clinical and sero
logical monitoring. 

Embryo transfer 

For a country with endemic bluetongue, reproduc
tive technology such as embryo transfer has been 
suggested as a cheaper and safer means of animal 
introduction (Doyle and Howard 1992). The passive 
immunity transferred to exotic offspring from local 
recipient dams could result in their protection, a con
trol mechanism unavailable in introduced adult ani
mals. Embryo transfer using local recipients avoids 
the risk of pregnancy wastage that may occur if preg
nant animals are imported. However, the use of 
embryo transfer technology for this purpose in 
Malaysia would require the capability and the 
resources to perform it successfully. 

Development of Vaccines from Local 
Isolates 

With the availability of Malaysia's own BLU iso
lates, the possibility of the local production of vac
cines could be considered. Vaccination produces 
solid immunity against homologous challenge but 
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variable protection against heterologous infection. 
The development of any vaccine in Malaysia would 
have to be from local strains to avoid the possibility 
of gene reassortment among exotic strains and 
endemic Malaysian strains. Polyvalent vaccines 
would have to be produced against all pathogenic 
serotypes. However, limited demand is foreseen as 
vaccines are recommended only for susceptible 
imported temperate sheep. Moreover, the perception 
and expectation that a new generation of genetically 
engineered or synthetic vaccines or immunogens may 
soon be forthcoming could be additional disincen
tives to the development of local vaccines. 

Conclusion 

Bluetongue virus research in Malaysia will be partly 
influenced by the breeds of sheep imported into the 
country. However, it is imperative that continued 
support and resources be allocated to the develop
ment of systematic national surveillance using senti
nels and diagnostic programs. 
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Bluetongue Virus Research in Indonesia 

I. Sendow*, Sukarsih*, E. Soleha*, M. Pearcet, S. Bahri* and P.W. Daniels§ 

Abstract 

Sentinel herds were established in West Java, Bali, Nusa Tenggara Timur and lrian Jaya to determine the 
presence and seasonality of bluetongue virus (BLU) infection in Indonesia. Insects were collected near sen
tinel sites. BLU isolates were obtained from cattle blood and insects. Serological results indicated that se
roconversion mostly occurred at the end of the wet season and that large ruminants had a higher prevalence 
of antibody than small ruminants. BLU serotypes I, 3, 7, 9, 12, 16, 21 and 23 were successfully isolated 
from blood from apparently healthy cattle: BLU21 was also isolated from a pool of Culicoides lulvus and 
C. orienfalis. The pathogenicity of BLU isolates was determined in local and imported sheep. 

BLUETONGUE disease does not affect Indonesian Iive
stoek. However, an outbreak of clinical disease sus
pected as bluetongue was reported where imported 
Suffolk sheep from Australia were raised in West 
Java (Sudana and Malole 1982). It has since been rec
ognised that in many tropical countries bluetongue 
viruses (BLU) may be circulating inapparently, with
out causing disease in local sheep (Gibbs et al. 1989; 
Sendow et al. 1992). The outbreak in West Java 
appears analogous to that reported in Cameroon in 
which imported sheep succumbed to bluetongue dis
ease while local sheep were unaffected (Ekue et al. 
1985). 

A serological survey indicated that several BLU 
serotypes were widespread on the main islands of 
Indonesia (Sendow et al. 1986, 1991 a). A program to 
study bluetongue viruses in Indonesia in greater 
detail was therefore implemented. Since bluetongue 
disease did not appear to be causing financial loss to 

* Research Institute for Veterinary Scienee, PO Box 52, 
Bogor 16114. Indonesia. 
Indonesia International Animal Science Research and 
Development Foundation (1Nl ANSREDEF), PO Box 
1093. Bogor 16010, Indonesia. 

§ CSIRO Australian Animal Health Laboratory, PO Bag 24, 
Geelong, Victoria 3220, Australia. 
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farmers, the bluetongue work was incorporated into a 
broader plan to study several arboviruses of veteri
nary significance (Daniels et al. 1991, 1995). 

Components of the Indonesian 
Bluetongue Research Program 

The first objective was to obtain loeal BLU isolates, 
for without these the presence of bluetongue would 
remain unconfirmed. The Australian model of moni
toring well-placed sentinel herds of cattle (SI. George 
1980) was adopted. The development of the sentinel 
program in Indonesia has already been described by 
Sendow et al. (1988, 1989, J 992). The initial serolog
ical survey eonfirmed the experiences of other coun
tries, Le. that large ruminants had higher prevalences 
of exposure than small ruminants (Sendow et a!. 
1986). Cattle were therefore used in sentinel groups 
monitored for virus isolation: these animals were 
introduced to the program al a young age 10 allow 
sampling of naive animals during the course of pri
mary viral infections. Cattle were sampled weekly; 
blood was processed for virus isolation and held for 
serology and further virological studies. 

Sentinel groups were placed in areas with signifi
cant livestock populations, at locations considered 
suitable for vector, and hence virus, activity. Major 
sampling sites were Depok, West Java; Denpasar, 



Bali; Kupang in Nusa Tenggara Timur (NIT) prov
ince; and Jayapura and Merauke in Irian Jaya (Fig. 1; 
Sendow et al. 1992). From time to time, sentinels 
were established at other sites to fulfil specific objec
tives, for example at Cisarua in West Java to allow 
comparison between this high altitude site and the 
low altitude site at Depok. 

To identify potential vectors and their seasonal 
abundance, insects were collected at sentinel sites 
using light traps (Sukarsih et a1. 1993). As Depok 
and Cisarua were near the laboratory, attempts 
were made to isolate viruses from freshly caught 
insects. 

Isolation and characterisation of isolates to sero
type allowed comparisons to be made with the situa
tions in neighbouring countries, with the aim of 
developing a regional perspective of these BLU 
infections (Daniels et al. 1995; Daniels and Melville 
1996). This approach is now being extended through 
molecular studies of the isolates (Daniels et al. 1995; 
Sendow et aL these Proceedings). Isolation of local 
BLU strains has allowed the start of pathogenicity 
tests to study aspects such as the virulence of local 
strains and the apparent resistance of local sheep. 

Viruses Isolated from Sentinel Cattle 

Initially, virus isolation was attempted by inoculation 
of samples into baby hamster kidney cell cultures 
(BHK21). However, a protocol based on intravenous 
inoculation of embryonated chicken eggs (ECE) fol
lowed by blind passage in Aedes albopictus cell cul
tures (C6/36) before passage to BHK21 was soon 
adopted (Sendow et at. 1 993a, 1993b). Subsequent 
identification of viruses to groups used tests based on 

the BLU group-specific monoclonal antibody 
20E9b762 (Lunt et al. 1988; Sendow et at. 1 993a), 
with serotyping being requested at international refer
ence laboratories. 

Isolation of BLU viruses has been confirmed only 
from the Depok and Jayapura sentinel sites, although 
further isolates remain to be characterised (Table I). 
Thc first serotypes reported were BLU7 and BLU9 
(Sendow et at. 1991b), with BLUl, 12, 21 and 23 
subsequently identified at Depok (Sendow et at. 
I 993a) and BLUl, 21 and 23 from Jayapura (Sendow 
et al. 1993b): two further serotypes have since been 
identified, BLU3 from Depok and BLU 16 from 
Jayapura (Table 2). 

Table 1. Results of viral isolation from heparinised 
sentinel cattle blood in Indonesia, 1989-1993. 

Area No. of Isolates BLU group 
specimens isolates 
processed 

Bali 221 10 10 

lrian Jaya 1327 46 11 

West Java 1584 49 18 

West Timor 1536 24 32 

Total 4668 129 61 

Confirn1ed BLU isolations have been made from 
January to June (Table 2), which is the period from 
the middle to the end of the wet season (Sendow el at. 
1992). At Jayapura isolates were obtained throughout 
the wetter months, from November to May (Table 2; 
Sendow et aL 1992). At both locations, however, ade-

Figure 1. Map of Indonesia showing sentinel herd sampling sites. 
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quate rainfall to maintain vector populations occurs 
throughout the year (Sukarsih et al. 1993). The isola-
tions to date probably identify peaks of activity rather 
than an absolute presence or absence of BLU infec-
tions. 

Table 2. Bluetongue viruses isolated from sentinel cattle 
in Indonesia, 1988-1990. 

Province and Animal no. Date sampled Bluetongue 
site (BLU) 

serotype 

Depok,West DI5 9 March 88 9 
Java 

D54 6 ,Iune 88 7 

DI24 20 January 90 9 

DI53 19 March 90 3 

DI50 2 April 90 21 

D155 9 April 90 21 

DI54 9 April 90 12 

Dl63 29 May 90 

DI65 25 June 90 21 

Jayapura. 1166 11 Novemher 89 23 
lrian Jaya 

1169 16 Decemher 89 16 

1159 23 January 90 23 

1164 13 February 90 21 

1163 29 May 90 

Vector Studies 

To confirm the vector status of an insect for an arbovi
rus must involve experimentally proving the insect's 
ability to transmit the virus biologically from mam
malian host to mammalian host after a period of virus 
replication within the insect. Since such studies have 
not yet been possible in Indonesia, studies of potential 
vectors have been based on the assumption that 
insects implicated as vectors in neighbouring coun
tries may also be vectors in Indonesia. Attention has 
thus focused on certain species of Culicoides shown 
to be vectors in Australia (Standfast et al. 1985). Culi
coMes populations adjacent to sentinel cattle have 
been sampled, and much is now known of the Culi
co ides fauna of livestock-producing areas in Indone
sia (Sukarsih et al. 1993). 

Insects collected at Depok were identified to spe
cies, pooled and processed for virus isolation (Sendow 
et al. I 993c ). From more than 1000 pools processed, 
16 isolates have been yielded, of which five were 
identified as BLU in grouping tests, Emphasis was 
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given to Culicoides of the subgenus Avaritia, which 
contains the known Australian vector species. Other 
Culicoides species shown to support virus replication 
(Stand fast et aL 1985) were also processed, as were 
pools of mosquitoes to isolate other arboviruses. The 
confirmed BLU isolates from insects (Table 3) 
include an isolate from a pool of Aedes mosquitoes 
(Sendow et al. 1994), 

Table 3. Bluetongue viruses isolated from insects at Depok, 
West Java. 

Insect pool Date Bluetongue 
(BW) 

serotype 

Culicoides fulvus and C orientalis May 91 21 

Anopheles spp. May 91 21 

Cfulvus April 92 1 

C perigrinus April 92 21 

Pathogenicity Studies 

The pathogenicity studies were aimed at determining 
the virulence of Indonesian BLU isolates. Since nat
urally-occurring clinical disease had been reported in 
imported sheep but not in local sheep, perhaps 
because of resistance factors, local sheep were con
sidered unsuitable for experiments. Instead sheep 
known to be susceptible were used, with aged 
Merino sheep from north-western Queensland being 
donated by the Queensland Department of Primary 
Industries: such animals have been reported more 
susceptible in pathogenicity trials in Australia (John
son et al. 1992). 

Collection protocols from sentinel animals provided 
for the storage of heparinised whole blood at each 
sampling, so as to have aliquots of viraemic blood for 
further studies in the event of a viral isolate being 
obtained at any sampling. Natural virulence of BLU 
strains can only be assessed using virus not passaged 
in eggs or cell cultures (Johnson et al. 1992). Prelimi
nary inoculations of susceptible Merino sheep wcre 
conducted to propagate adequate stores of infected 
blood for the trials. Pairs of sheep were inoculated 
with cattle blood from which BLUI, 9, 21 and 23 had 
been isolated. Sheep inoculated with viraemic blood 
of BLU L 9 and 21 responded clinically and serocon
verted. Blood for further transmissions was collected 
during the febrile period. 

Groups of Merino and local Indonesian sheep were 
then inoculated with infected sheep blood. Most sheep 
showed some clinical signs, had detectable viraemias 
and seroconverted. However, the clinical signs were 
mild and mainly limited to mild ocdema of facial tis-



sues, mild hyperaemia of mucous membranes and, in 
a few cases, coronary bands. It was concluded that, 
under the experimental conditions, the isolates tested 
were oflow pathogenicity. 

Discussion 

The bluetongue research program in Indonesia has 
yielded eight BLV serotype;; recognised by interna
tional reference laboratories BLVI, 3, 7, 9, 12, 16, 
21, and 23. With potential for a still greater yield of 
isolates, the program has thus had considerable suc
cess in defining the bluetongue status of Indonesia. 
Serological studies in association with sentinel moni
toring confinn the widespread prevalence of animals 
exposed to these viruses. 

As funher serotypes become available, further 
pathogenicity tests should be conducted. The inclu
sion of local sheep in such studies should be contin
ued, for this has led to the first observations of 
clinical signs associated with bluetongue infections in 
local sheep. Although only mild responses were 
observed, it would be useful to extend the range of 
observations. 

Perhaps more imponantly, funher trials should 
also address the apparent discrepancy between the 
observation of natural disease in imponed sheep but 
not in experimental infections of such animals. Mild 
disease may not be a feature of infections with all 
Indonesian serotypes or strains. Commercial interests 
periodically consider establishing fanning systems 
based on imported Australian sheep. A full under
standing of factors leading to disease is important to 
suppon such international trading initiatives, which 
would benefit both countries. 
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The History of Bluetongue in Australia 
and the Pacific Islands 

T .D. St. George* 

Abstract 

Between 1959 and 1977 in Australia there was a long period of development of virology and vector exper
tise in preparation for bluetongue. Nevertheless, the initial discovery of bluetongue virus (BLU) in 1977 
near Darwin was unexpected. Near that location, eight BLt; serotypes have been discovered in Australia 
since 1977 although only two are continually present. Five of the serotypes are highly virulent but they have 
not persisted as silent infections of cattle and buffalo for more than a few years, nor have they spread far 
from their initial focus in the far north of the Northern Territory. Serotype I has spread beyond Australia 
and Papua New Guinea to the Solomon Islands but not yet to other island nations of the Pacific, although a 
suitable vector. Culicoides brevilarsis, has reached as far east as Noumea, Fiji and Tonga. The establish
ment of bluetongue in countries east of Weber's line has depended completely on the previous introduction 
of ruminants and the presence of cattle-reliant Culicoides species which can spread the virus. This sequence 
has occurred in Australia, Papua New Guinea and the Pacific Islands, where cattle did not exist before being 
introduced by European settlement. 

A change in the interest of Australian veterinary 
authorities toward bluetongue followed a major epi
demic in Merino sheep in the Iberian peninsula in 
1956. As the disease existed in the eastern Mediterra
nean and the United States, it was clear that blue
tongue was present close to all the shipping routes 
from countries that were Australia's sources of 
improved breeding cattle, sheep and goats. Thus all 
commercial vessels would pass close to infected 
regions or call at ports in countries where the disease 
was endemic, whether they came via the Suez Canal, 
around Africa or via the Americas. Air transport of 
ruminants was not a commercial proposition in the 
1 950s. Reliable laboratory screening tests did not 
then exist to detect bluetongue virus (BLU) in sheep 
or in the inapparent cattle host. Australia was not 
alone in expecting severe consequences from blue
tongue, which gave an appearance of continual 
spread as more countries reported bluetongue as a 
new disease, or recognised it as the cause of an exist
ing condition. 

* 15 Tamarix Street. Chapel Hill, Queensland 4069, Aus
tralia. 
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Australian Reaction to the Apparent 
Expansion of Bluetongue 

The Australian reaction to this apparent expansion of 
bluetongue took several forms. The import of cattle, 
sheep and other ruminant species, including zoo her
bivores, was stopped from most regions of the world 
for many years. These sanctions were extended to 
donor animals when methods were developed for the 
long-tenn storage of semen (Gee 1975). The restric
tive effects on sources of gene plasm for Australia 
were severe. 

Assistance from Abroad 

Preparation was wide-ranging. Steps were taken to 
familiarise Australian veterinarians with bluetongue 
disease, to supplement those few who had experience 
with the disease in Africa. Some were sent to courses 
on exotic diseases conducted at Grosse Isle, Canada. 
This meant that experienced diagnostic teams could 
be sent to any possible outbreak. This precautionary 
approach has continued up to the present although 
now training is done within Australia. An extensive 



tour of Australia by a group of the world's principal 
bluetongue experts was sponsored by the Australian 
Bureau of Animal Health in 1974, culminating in a 
symposium at the Australian Veterinary Association 
Conference in Adelaide. Inactivated reagents for the 
complement fixation test and vaccine seed stocks 
were prepared in South Africa. and held under secure 
restrictions in case of an outbreak of bluetongue in 
Australia. 

Australian Virus and Vector 

The major long-term strategy was the development of 
an Australian capability to isolate viruses and to 
define the Culicoides vector species in Australia. 
This was undertaken by CSIRO Division of Animal 
Health and Production as a deliberate long-term pol
icy instituted in the mid-1950s by Drs L.B. Bull and 
T.S. Gregory. They recognised that there was no sig
nificant laboratory capability to deal with the labora
tory aspects of exotic virus disease. Foot-and-mouth 
disease was the more pressing reason for the estab
lishment of modem virology with the appointment of 
Dr E.L. French and W.A. Snowdon to the CSIRO 
Parkville Laboratory in Melbourne, but the threat of 
vector-borne bluetongue was the basic reason for 
developing the Culicoides studies. 

A vector study group was created with the object of 
identifying the vectors of ephemeral fever, a serious 
arthropod-borne virus infection of cattle. The neces
sary taxonomy developed for this research was, in 
fact, preparation for bluetongue or other exotic vec
tor-borne disease. The entomology was established 
within CSIRO by M.D. Murray, A.L. Dyce, H.A. 
Standfast and M.J. Muller (Muller 1995). By 1977, 
this team had defined most of the major and minor 
species of Culicoides feeding on cattle and sheep in 
Australia. The most important of the potential vectors 
of bluetongue were found to be species linked biolog
ically to cattle as a food source and to cattle dung for 
breeding sites. These species had become established 
in Australia from Asia after cattle and buffalo were 
introduced to northern Australia. 

A multidisciplinary team based in Sydney and 
Brisbane made headway in defining the biology of 
Culicoides species later found to be vectors of blue
tongue and related viruses. Vector control plans by 
aerial and ground disinsection were produced in case 
of an outbreak of bluetongue but were never used. 

In 1968, a network of sentinel cattle had been 
established (St. George 1980) so that recently col
lected serum samples were available from cattle in 
most major regions of Australia, as well as those 
stored as a library at CSIRO Long Pocket Laborato
ries since the inception of the system in 1969. By 
1977, a system of co-located insect vector traps to 
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monitor populations was being developed (St. 
George and Standfast 1983) and mechanisms were in 
place for rapid expansion. As is amply demonstrated 
in these Proceedings, this team approach has since 
served as a model for studying vector-borne viruses 
of livestock in Southeast Asia. 

The final and precipitating event in the bluetongue 
preparatory period was a continuous study over sev
eral months in the subcoastal plains region of the 
Northern Territory at Bcatrice Hill (Stand fast et al. 
1984). Although the aim of this study was to find the 
maintenance focus of ephemeral fever virus, tech
niques for the isolation of viruses from solely mouse 
brain injection were altered in April 1975 to cater for 
the entry of bluetongue. 

Discovery of Bluetongue in Australia 

Infection and disease 

Despite all the preparation described above, the 
recognition of bluetongue in Australia in October 
1977 (St. George et al. 1978) was only accepted with 
difficulty by some individuals and organisations. 
Transmission studies in sheep at CSIRO Long Pocket 
Laboratories were carried out promptly in a newly
commissioned arthropod-proof building. The fever, 
disability and lesions observed were typical of blue
tongue, though there were no fatalities (SI. George 
and McCaughan 1979; Uren and Squire 1982). How
ever, only laboratory-adapted virus was available so 
the true potential could not be tested. 

An enormous cooperative effort between CSIRO 
and the respective Departments of Agriculture or Pri
mary Industries of the States and Territories of Aus
tralia and Papua New Guinea placed the discovery in 
context within a few months. The first bluetongue 
virus (BLU20) had a very limited distribution in far 
northern Australia, with a probable time of entry into 
Australia of 1973. The existence of additional blue
tongue serotypes was suspected in early November 
1977. The evidence was strengthened when serocon
version 10 BLUl was demonstrated at Pirbrighl Labo
ratory, England, using suitable paired sera from 
sentinel cattle (Snowdon and Gee 1978). The BLU 
group antibody, detected by agar gel immunodiffu
sion (AGID), was much more widely distributed than 
the neutralising antibody specific to BLU20: it 
extended into Western Australia, Queensland and 
New South Wales (Della-Porta et al. 1983), approxi
mating the distribution of Cuficoides brevitarsis. 

Most of the bluetongue group antibody activity 
was explained by the isolation in 1979, after a delib
erate search by sentinel herd techniques, of two fur
ther bluetongue viruses (BLU I and 21). These 
viruses were used for retrospective serology (Figs I 
and 2) and, as shown in Table I, their presence was 



traced back to at least 1958 eSt. George et al. 1980). 
However, the AGID test was found not to be limited 
to BLU antibodies: the isolation of five viruses of the 
epizootic hemorrhagic disease (EHD) group enabled 
many more of the anomalous serological reactions to 
be explained (St. George et al. 1983). 

The southern limits of the distribution of antibodies 
detected in surveys using Austral ian bluetongue and 
related orbiviruses were approximately reciprocal to 
those of the Australian commercial sheep flock. This 

" 

00 

BLUl 
• Positive 
" Negative 

also approximated the distribution of Culicoides 
brevitarsis, which was later found to be an inefficient 
BLU vector (SI. George and Muller 1984; Standfast 
et al. 1985, 1992). Although six other species of Culi
co ides were found experimentally to be possible BLU 
vectors (Standfast et al. 1985), C. brevitarsis is the 
species that most closely impinged on the sheep rais
ing areas. BLUI has been isolated from 'wild eaught' 
C. brevitarsis and C. fulvus (Standfast el al. 1979; St. 
George and Muller 1984). 

00 " 

Figure 1. The distribution of neutralising antibodies to BLU I in 
sera collected from cattle between November 1977 and 
January 1978. 

Figure 2. The distribution of neutraJising antibodies to BLU21 in 
sera collected from cattle between November 1977 and 
January 1978. 
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Table I. Chronology of discovery and retrospective serology of bluetongue viruses (BLU) in Australia. 

BLU Serotype Year of first Most recent isolation Year when antibody Test in sheep 
isolation 

20 1975 

1979 

21 1979 

15 1982 

23 1982 

9 1985 

3 1986 

16 1986 

Van Kammen and Cybinski (1981) found BLU 
antibodies in cattle in Papua New Guinea. In a further 
search for the source of the new BLU, ruminant sera 
were obtained from Indonesia and Malaysia in coop
eration with those countries where AGlD testing had 
shown the presence of bluetongue group antibody 
(Geering and Gard 1989). However, using the com
bined evidence of both virus isolations and Culicoides 
species biology and distribution, Indonesia was the 
most probable source of Australia's bluetongue 
viruses (St. George 1986). This conclusion is sup
ported by the finding of bluetongue viruses and anti
bodies in Indonesian cattle (Sendow et a!. 1989, 1993) 

By 1981, after the initial delineation of the distri
bution of BLU and their vectors, it was widely 
assumed that a steady state existed. Culicoides brevi
tarsis was endemic mainly in the north of Australia 
and on the east coast, and infested the main sheep
raising areas only marginally and irregularly (Murray 
1986). Direct field evidence to confirm that C. brevi
tarsis was infected with BLU did not emerge until 
later (St. George and Muller 1984). 

Under experimental conditions, the first three BLU 
serotypes had produced moderate illness but no fatal
ities (Uren and Squire 1982). The isolation of further 
serotypes between 1982 and 1986 (Table I), in a new 
viroiogical unit in Darwin under G.P. Gard, did not 
attmct much attention, despite serological evidence 
of recent entry (Gard et at 1985, 1987a, 1987b; Gard 
and Melville 1989, 1992). The rapid southward 
expansion of C. wadai, a more efficient BLU vector 
than C. brevitarsis (Standfast et aJ. 1983) was 
checked by a long succession of dry summers (Muller 
1995). CSIRO funds and staff were redirected to 
other research as the threat of vector expansion was 
not considered important. 

Subsequently, two events altered this perception. 
First, an experimental demonstration in 1988 showed 
that four Australian serotypes could cause disease 
(John son et at 1989). Second, there was a severe 
clinical case due to natural disease acquired in the 
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1980 virulent 

1974 virulent 

1985 non-pathogenic 

1986 virulent 

1984 virulent 

first few days of February 1989 in a sentinel sheep 
near Darwin (L.F. Melville, pers. comm.). Together 
with the demand for up-to-date information by cus
tomer countries to verify the freedom of much of 
Australia from bluetongue, these events stimulated a 
new approach. There was a need to reinstate the sur
veillance of the distribution of known BLU serotypes 
and vectors to give warning of threat. Data were also 
needed on the vaccine potential of Australian BLU, 
and their persistence in blood and semen. 

The capacity to detect both new BLU incursions 
into Australia and extensions of its range within Aus
tralia have changed considerably since ) 977, when 
the delay was some 31 months. Now variolls state 
laboratories carry out serology and can isolate BLU. 
The fatal clinical case near Darwin was diagnosed on 
9 Feb 1989, the provisional identity of the causative 
virus was known on 13 February, and formal identifi
cation of BLU23 was made at Berrimah Laboratory 
on 11 March (L.F. Melville, peTS. comm.). The devel
opment of molecular techniques means that the initial 
identification process can be carried out even more 
quickly in future, using field material directly and 
with a result in one to two days. These advances 
mean the protracted delays in the identification of the 
original Australian BLU isolate need not occur again. 

Control strategies from 1977 to 1996 

Geering (1975) described the anticipated strategies 
to control bluetongue if it entered Australia. The 
planned aetions included a slaughter oul policy of 
ruminants within a five mile radius, movement con
trols and disinsection by air and ground application of 
insecticides to suppress Culicoides. 

The information available to the regulator; author
ities at their first meeting was confined to where and 
when the insects were caught that had yielded the 
first BLU isolates. Office International des Epizoot
ies (OIE) and customer countries were advised imme
diately of the presence of bluetongue in Australia. 



The research program progressively provided more 
information. The planned slaughter out policy and 
disinsection were never put in place as they were 
completely inappropriate. 

Movement controls on cattle, sheep and buffalo 
were imposed by various states: these either prohib
ited or restricted cattle movements north of latitude 
18°S. The necessity to protect overseas markets for 
live animals and products overrode detached scien
tific judgement on the possible effectiveness of such 
controls. Prohibitions by importing countries affected 
not only live cattle, sheep and other ruminants but 
also germplasm, meat hides and wool, either from 
bluetongue infected areas or from the whole of Aus
tralia. Of necessity, the emphasis changed gradually 
from detecting infection to defining which parts of 
Australia were not infected with BLU. This attitude 
applies even more strongly in 1995, when proof of 
regional freedom from a disease is becoming an inter
national marketing tool. 

Movement controls within Australia, which did not 
begin to be relaxed until late 1978, took some time to 
disappear, and even longer for the export trade (Geer
ing and Gard 1989). Rapidly developed serological 
tests provided data on which to base decisions about 
movements. Unfortunately, at that time the presence 
of BLU antibodies was equated to lifelong infection, 
and many uninfected animals were excluded. Even 
the accumulating evidence to the contrary is still slow 
to change this attitude. There is no evidence that 
movement controls had any beneficial effect whatso
ever on limiting the spread of bluetongue to vector
free regions. 

In 1981, Australian live sheep shipments became 
infected with bluetongue after arrival in Indonesia 
(Sendow et al. 1989) and in 1987 Malaysia (Geering 
and Gard 1989). These sheep originated from blue
tongue-free areas. In the early 1990s sheep were also 
diagnosed as having bluetongue on arrival in Middle
East countries. However, again the available data 
indicated that these sheep had originated from blue
tongue-free areas within Australia and could not have 
had bluetongue. 

The first three Australian BLU serotypes differed 
biochemically from the South African ones, indicat
ing genetic diversity (Gorman et al. 1982). Extensive 
studies at CSIRO Australian Animal Health Labora
tories have since confirmed that Australian BLU are 
more closely related to each other than to South Afri
can or American BLU, though structurally identical 
(Gould et al. 1986, 1989). The earlier decision not to 
release new BLU genes into the Australian environ
ment by using South African live virus vaccines was 
thus justified. Vaccine seed stocks of Australian ori
gin (BLUt, 20 and 21) were prepared under security 
(Wark et al. 1982); subsequently these have included 
all five serotypes. 
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Two further events, however, demonstrated that 
bluetongue was still a threat. The first was a series of 
experiments in 1988 at Oonoonba Laboratory, 
Townsville, using unadapted bluetongue field or 
'wild' viruses. These experiments clearly showed 
that strains of BLU3, 15, 16 and 23 were highly viru
lent to Merino sheep, giving clinical signs equivalent 
to those seen with the most severe bluetongue and 
causing 8-32% mortality (Johnson et al. 1 992a, b). D. 
Hoffmann and S.J. 10hnson developed one of the 
most reliable procedures for producing severe clinical 
bluetongue in the world, which is also used by L.F. 
Melville. The second event was the occurrence of a 
naturally-acquired fatal bluetongue disease in a sheep 
near Darwin in 1989. 

Bluetongue research management 

A Bluetongue Research Management Committee, 
headed by G.I. Alexander, was established by the 
Australian Agricultural Council and reported on 
research from 1989 to 1994 (Alexander 1990, 
1991). The achievements in this era clarified the dif
ferent effects of 'wild' bluetongue virus in blood 
from naturally infected animals and laboratory
adapted virus. 

In contrast to the unmodified 'wild' virus, virus 
adapted in tissue cultures to a vaccine standard 
became teratogenic to first and second trimester preg
nant ewes (Johnson et al. 1992b). Also 'wild' virus, 
whether naturally acquircd (Melville et al. 1993) or 
injected experimentally, was not excreted in the 
semen of bulls. However, adapted virus was excreted 
in the semen of older bulls, possibly due to contami
nation of semen with red blood cells in the viraemic 
period. Contamination of semen with BLU during 
natural infection seems to be a very uncommon 
event. This has implications for the use of live virus 
vaccines. The modified virus, which has acquired the 
undesirable characteristics of teratogenesis and 
excretion in semen of bulls and rams, has the poten
tial to become established in nature. H.A. Stand fast 
(pers. comm.) and I have shown that even low titre, 
tissue culture-adapted virus) 02.3/mL can be taken up 
by C. brevilarsis. 

In field trials, Muller and Harris (1993) found that 
local populations of C. brevilarsis could be sup
pressed by injecting cattle with Ivermectin. This 
approach is more effective than treating sheep as 
there is suppression of the larval stage of the life 
cycle by rendering the cattle dung toxic. 

The vaccine options live attenuated, killed whole 
virus and subunit vaccines were examined by the 
management committee. The advantages, disadvan
tages and cost options for each type of vaccine, and 
for a vaccine bank, were examined. The time frames 
to produce each type of vaccine were also delineated 
(Alexander et al. 1993). Further development of 



whole virus, chemically-inactivated, and sub-unit 
vaccines were deemed necessary before definitive 
recommendations could be justified. 

Indonesia, Papua New Guinea, Solomon 
Islands, New Caledonia, Fiji and Tonga 

The source of BLU that periodically enter the north
west of the Northern Territory is now certainly Indo
nesia, from the evidence of the isolation of BLU 
serotypes and the vector identifications presented in 
these Proceedings. Evidence of the presence of many 
other arboviruses found in the same vectors is stead
ily accumulating. Probably all BLU serotypes that 
have been isolated in northern Australia will be found 
in Indonesia in due course. Culicoides brevitarsis 
carries many other arboviruses that infect cattle. Of 
the 11 viruses of the Simbu, Pal yam and ephemeral 
fever group, of which C. brevitarsis is the proven or 
suspected vector in Australia, many are known from 
Indonesia from virus isolation or serological surveys, 
eight are present in New Guinea, seven in the Solo
mon Islands, three in New Caledonia and one in Fiji. 

The cattle in Papua New Guinea have fewer BLU 
serotypes than cattle in Australia and there is only a 
single serotype in the Solomon Islands. New Caledo
nia and Fiji had no bluetongue in 1987. C. brevitarsis 
has colonised these islands and Tonga, so the poten
tial remains for spread if bluetongue viruses were 
introduced in infected Culicoides blown in on the 
wind. The range of Culicoides species linked to cattle 
is greatest in Indonesia, with fewer in Papua New 
Guinea and Australia, and probably only a single spe
cies in Noumea and Fiji (Dyce 1982). New Zealand is 
presently free of both C. brevitarsis and the viruses it 
can spread. 

There is thus a gradient in the number of arbovi
ruses carried by Culicoides from west to east and in 
the number of arbovirus-carrying species that feed on 
ruminants. Large distances across the sea seem to be 
less of a barrier to the passive movement of insects 
than was thought in the past. 

Lessons from History 

The announcement that bluetongue was present in 
Australia caused a severe economic impact by halting 
interstate movement of cattle and live exports for 
months, even though the virus did not kill a single 
sheep. Also, it had been implicitly assumed that other 
countries had the same knowledge of how to limit the 
spread of an arthropod-borne virus as had been devel
oped in Australia as a result of systematic prepara
tion. Any initial announcement regarding bluetongue 
must be followed up by relaying information as it 

38 

becomes available, preferably in the language of 
importing countries, in case scientific data are not 
available there. 

Before bluetongue was discovered in Australia its 
threat was considered to be linked to the importation 
of animals and germplasm from Europe and North 
America. It is now known that BLU and its vectors 
are merely part of the movement of a wide range of 
arboviruses and insect vectors expanding from the 
islands of Southeast Asia to the Pacific (St. George 
1986, 1992). In contrast to most of the tropical and 
subtropical world, bluetongue is an emerging disease 
in Australia, Papua New Guinea and the Pacific 
islands. 

The current Australian Veterinary Plan for blue
tongue, developed in 1994, depends heavily on con
tinued surveillance to give warning, but the capacity 
to deal with an outbreak or an epidemic is limited to 
suppression of Culicoides vectors by treatment of cat
tle and sheep with Ivermectin (Muller and Harris 
1993). Until a non-living, broad spectrum vaccine is 
available, the Australian commercial sheep flock 
remains as vulnerable as it was in 1977. 
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