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Welcome Address and Introduction 

Mr Singkham Phonvisay 
Director-General of Livestock and Fisheries Department 

His Excellency Dr Sienc Saphangthong, Minister for Agriculture and Forestry, Lao 
PDR, Her Excellency Karina Campbell. Australian Ambassador- to Lao PDR, distin- 
guished guests, delegates and participants: Ladies and gcntlcnien, I have great pleasure 
in welcoming all of you to this international conferernce on classical swine fever and 
emerging viral diseases in Southeast Asia. 

WlTHIh this forum, we have distinguished participants from various international 
organisations: ACIAR. CSIRO. EU, FAO, GTZ, IUCN. OIE and representatives of 
Australia, Belgium, Cambodia, China, England. Germany, Indonesia. Hong Kong. The 
Netherlands, Thailand, Vietnani and Laos. 

A number of viral diseases including foot-and-mouth disease, classical swine fever, 
Newcastle disease, rabies and duck plague are still endemic in Lao PDR. Classical 
swine fever still causes heavy mortality, which decreases incomes and food security for 
many rural villager5 throughout Lao PDR. 

In [he past 2-3 years, the Departnlent of Livestock and Fisheries has received helpful 
support via ACIAR, particularly the pro~ect  1994138. to develop diagnostic and control 
methodologies for classical swine fcver and foot-and-mouth disease. This assistance has 
allowed us to upgrade our diagnostic capability and facilitate improvement in our 
communications with neighbouring countries and the region. 

We realise that this conference will give experience, lessons and practical knowledge 
for our further investigation of and campaign against classical swine fevcr. 

This is a great pleasure for us. I would now like to invite His Excellency Dr Siene 
Saphangthong. Minister for Agriculture and Forestry, to open the ~neeting. 

'Thank you. 

His Excellency Dr Siene Saphangthong 
Minister for Agriculture and Forestry 

O u  BEHALF of the Ministry of Agriculture and Forestry, I have great pleasure in 
extending a warm welcon~e and congratulations to all participants and guests. This 
international conference is very important for the livestock sector of Lao PDR and the 
region. I would like to express our sincere appreciation to all of you in sparing precious 
time to attend this conference. 

Our people are striving to implement the last year of the fourth five-year develop- 
ment program. Based on this effort, the Ministry of Agriculture and Forestry has to 
coordinate and supervise some related government priority programs, namely, food 
security and commodity production. 

The livestock subsector is one among many in food security and commodity pro- 
duction, and its technical programs must be pronioted and implemented. Animal health 
is of prime importance. Classical swine fever is considered one of the most infectious 
and endemic diseases affecting the devclop~nent of pig production throughout the 
country. 



The strong support of ACIAR on this matter has been very helpful to us. We would 
likc to take this opportunity to express our thanks and appreciation for such generous 
help. 

This 11ieeLing will produce new outcomes in tackling this disease, particularly 
possible and efficient ways to control it. This will have great irnpact on food security 
and commodity production ob.jectives. 

I would like to extend once again my sincere appreciation to ACIAR for its support 
of the meeting. I would like Lo convey my best wishes to all of you in finding new 
research collaboration for closer regional cooperation, and declare the ~iieeting officially 
open. 

Her Excellency Karina Camp bell 
Australian Ambassador to the Lao PDR 

Mr Sien Saphangthong, Minister of Agriculture and Forestry. Mr Singkham Phonvisay, 
Director-General of the Department of Livestock and Fisheries, distinguished guests, 
ladies and gentlemen. 

THE AUSTRALIAN Government. through ACIAR, is pleased to be a partner in this 
conference. As you know, Australia has a long history of cooperating in the animal 
health field in Lao PDR. 

This is tlie first conference in So~~theas t  Asia to focus heavily on the very important 
disease classical swine fever. 

I am proud to acknowledge the support of the Australian Government-funded 
project-the current ACIAR project aimed at improving diagnostic and control 
niethodologies in both classical swine fever and foot-and-mouth disease-actively 
operational in Laos at this time. 

I know Mr Blacksell, the ACIAR project scientist, has taken great steps towards 
establishing a first-class diagnostic facility with field support to assist in better under- 
standing tlie nature of this disease, and I thank him. and his team, for their efforts thus far. 

Your deliberations during this conference are important. These diseases have 
potentially negative i~iipacts on the income and food security of many rural villagers in 
Laos. For this reason, 1 wish everyone involved in the conference good luck. 

On behalf of the Government of Australia, let me add my words of welcome. 



IMPORTANCE OF LIVESTOCK AND 
LIVESTOCK DISEASES IN 

SOUTHEAST ASIA 



The Role of Pigs and Disease in 
Southeast Asian Livestock Systems 

DISEASE in pigs and humans is the end product of a cornplex process involvi~ig the 
causative agent, the host and their environment. Many disciplines are necessarily 
involved in reaching all understanding of the disease process, the understanding 
essential not only to increase the productivity of pigs but also to protect human health 
and the broader environment. 

Disease is a state of not ( o ' i s )  being at ease (ensc). Initially, the distul-bance may be 
biochemical, such as impaired liver function or increased blood ammonia or blood urea. 
If the disease progresses, an obvious clinical sign such as poor growth rate, lack of 
vigour, haemorrhage, lameness or ulcers rnay be produced. An animal not visibly 
diseased is usually assumed healthy, though subclinical disease is frequently present, 
usually resulting in weight loss, retarded growth and the loss of the benefits of 
nutritional inputs. 

The three possible outcomes of :I disease arc death, survival with disease (chronic or 
subclinical disease), or recovery. In all three cases. economic loss occurs. The disease 
outcome and the frequency of occurrence are influenced by Inany variables called 
disease determinants, which usually include one or more specific agents, and factors 
associated with the host animals and their environment. 

The relative importance of all identifiable determinants and the interplay arnong 
them must be considered in attempting to prevent or control diseases. It is important 
that policy advisors are aware of the consequences and implications of making 
decisions not based on sound advice on disease control. The economic consequences of 
bad decisions can be both devastating and long term. 

Disease Agents 

The aetiological agents that affect pigs may be genetic, physical, infectious, chemical or 
nutritional. 

Host determinants include age, species, breed, sex, genetic characteristics and 
i~ilmunological state. 

Environmental determinants can be broadly divided into those influenced easily by 
man, such as management and nutrition, and those not easily iniluenced by man. such 
as location, cultural practices, religion and socioecono~nic status. 

It is impossible in this brief paper to cover all the disease determinants mentioned. 
Therefore, the paper foci~ses on the infectious agents, and refers to managerial and 
nutritional deterrninanls where appropriate. 

The Changing Environment 

The drive in Southeast Asia to satisfy the increasing demand for animal protein has 
resulted in many changes to common agricultural practices. The intensification of pig 
productio~l industries, combined with urbanisation, global changes and the increasing 
ease of travel and transport, has produced environ~nents that may lead to an increase in 

' F A 0  Regional Animal Protiuciion and Health Officer. Asia and the Pacific 
The opinions and views exp~.essed in this paper are the author's and not ncce\sarily  tho.^ of FAO. 



the impact of formerly uncommon diseases and even the emergence of new diseases. 
These changes challenge normal control methods and indicate that new ways must be 
found if these emerging diseases are to be controlled. Thought is now being given to the 
relocation of pig production systems away from where they have developed peri- 
urbanly. to an area-wide integrated approach. Man-made relocations will significantly 
affect the disease determinants and can. if well understood. be used to reduce signifi- 
cantly the occurrence of disease in both pig and humans. 

Emerging Infectious Diseases 

'Emerging' infectious diseases can be defined as infections that have newly appeared in 
a population or have existed but are rapidly increasing in incidence or geographic range. 
Specific factors precipitating disease emergence can be identified in virtually all cases. 
They include ecological. environmental and demographic factors that place pigs in 
increased contact with a previously unfamiliar microbe or its natural host. provide 
potential pathogens with a novel host. or favour increased disseminalion. The factors 
are increasing in prevalence in Southeast Asia because of the rapid development of the 
pig industry in the region. The increase, together with the ongoing evolution of viral 
and microbial variants and selection for drug resistance. suggests that infections will not 
only continue to emerge but also that their rates and effects will probably increase. 

Zoonoses are diseases transmissible from animals to humans. One hundred and fifty 
are recognised worldwide. They are distributed widely. and occasio~lal human infection 
occurs. However. a minor change in one of the disease determinants may provide the 
opportunity for a spectacular increase in prevalence. A few that could be mentioned are 
rabies. brucellosis, mosquito-borne encephalitis, salmonellosis and Nipah virus. 

As an example, recent outbreaks of human diseases in three countries of the region 
were caused by zoonotic paramyxoviruses: Hendra (1994) and Menangle (1997) in 
Australia and Nipah (1998-99) in Malaysia and Singapore. These outbreaks were 
initially observed as disease in animals (Hendra. horses; Menangle and Nipah, pigs) 
followed by disease in humans who had contact with the infected animals. Evidence 
currently available suggests that fruit bats (suborder Megachiroptera, genus Pteropus) 
may be the natural hosts and wildlife reservoir of these paramyxoviruses. Evidence of 
Hendra virus infection has been found in these bats throughout their range in Australia 
and in Papua New Guinea, and Nipah virus infection in populations in Malaysia. While 
the Hendra and Nipah virus are apparently closely related, the Menangle virus is 
seemingly distinct. In the  multi-age piggery where it was isolated, it caused widespread 
mortality and deformities in pig foetuses, while all other infected pigs showed sub- 
clinical infection. Eradication of the grower pigs seemingly broke the cycle of infection. 
but highlighted the serious and potentially devastating economic and social costs of 
these and future outbreaks of zoonotic paramyxoviruses. We must be able to detect, 
investigate and respond effectively to these and other newly emerging diseases. 

Bats are probably the oldest forms of placental mammal in Australia, with fossil 
evidence from the Middle Miocene era. circa 15 million years ago. Some species 
migrate between various countries of southern Asia. Because of this past continuity of 
bat populations, and also because Microchiroptera had been poorly studied in Asia for 
rabies viruses (in contrast to the USA and Europe). St George (1989) was led to forecast 
that rabies (or rabies-like) viruses may already be established in bats in Australia. Thus 
these recently recognised diseases are known as 'emergent', but it is highly likely that 
they have always been present. However, once they become involved with human 
beings and/or domestic and productive animals, much alarm occurs. 

Surveillance and Control 

There is conflict of interest between the scientist who looks for evidence that a disease 
agent exists in a country or region, where it is not expected to be, and the regulator who 



has to deal with the public health, or econornic consequences, of a newly revealed 
situation. It does not seem to matter whether it represents a new but spreading disease 
or one being recognised for the first time in a stable situation. National and international 
reactions to the discovery of many agents in countries where they have not previously 
been noted all too often take no cognisance of the fact that the actual risk to humans 
and/or arlitnals may not be changed. Fear and overreaction are sure to be the result 
when the risk is not quickly and correctly assessed-especially when that factor is 
compounded by sensationalised media coverage. 

Ecological Changes and Agricultural Development 

Micro-organisms and viruses are adapted to extremely diverse eco-niches. One of the 
rnost con~plex sets of adaptive characteristics concerns arthropod transmission of 
viruses. The arthropod-borne viruses are spectacular examples of emergence and re- 
emergence resulting from environmental manipulation or natural environmental change. 
Deforestation, amateur irrigation and the introduction of new species (usually livestock) 
give rise to many virus disease threats to humans and animals. 

It has been predicted that the world's average temperature will rise by between 1 "C 
and 3.5 "C in the next 100 years. This is a faster rate of change than has been seen in the 
roughly 10 000 years since agriculture and human settlement began. The resulting 
disturbances of ecological systems may influence the incidence and distribution of 
infectious diseases through several mediating processes: the range, activity and bio- 
logical characteristics of vectors and infective parasites; the local ecology of water and 
food-borne infective agents; population displacement and damage to infrastructure as a 
result of a rising sea level; and other socioeconomic effects. 

Changes in Demography and Behaviour 

The revolution in international travel and trade over the past two decades has meant that 
disease agents can be transported quickly between susceptible populations. The 
corollary is also true in that susceptible populations can move into areas where they can 
become infected by agents to which they have had no previo~~s exposure. 

Microbial Adaptation and Change 

Outbreaks of new diseases have been documented since antiquity, but these do not 
necessarily involve a genetically distinct 'new' disease. More commonly, new diseases 
emerge because disease-causing viruses, bacteria or parasites find new pathways to 
previously unexposed populations. 

However, the probability of interspecies transfer can be increased not only by 
increased contact between humans and an animal reservoir, but also by increased 
opportunity for viral genetic reassortment or recombination within animal or insect 
hosts. The complex relationships between the microbes that cause disease and the 
humans or animal hosts that contact the disease are constantly evolving as microbes 
mutate and either die or survive to reproduce. The widespread, even indiscriminate, use 
of broad-spectrum antibiotics has led to the evolution of bacteria that cannot now be 
controlled by the most common antibiotics. The common practice of adding antibiotics 
to feed in intensive farming establishments may well have led to the evolution of some 
of those bacteria. 

Globalisation of food supplies is affecting outbreaks of food-borne illness, an 
increasing problem in human health. Examples include several outbreaks of Salmonella 
infection, E. c,oli 0157, and Cyclospora. Suln7or~ellu c,ntei.iditis, phage type 4, is a 
worldwide problem. The organism responsible typically expresses several antibiotic- 
resistant genes. 



It is now possible to produce a food product anywhere in the world, process it for 
distribution anywhere, and for it to be consumed anywhere. Thus we can expcct 
increasing outbreaks caused by organisms previously restricted to areas of endemicity. 

Some pathogens are frequently transmitted by food contaminated by infected persons. 
Pathogens that can cause diseases after an infected person handles food include Sulnro- 
rrc,llrl ryplri, Shigella species, Stu~lryloc~oe~c~r~.s crlrr.c1t.s and Str.clltoc.oc.c.~s pyogcnes. Other 
pathogens are occasionally transmitted by infected persons who handle food, but usually 
cause disease when food is intrinsically contaminated or cross-contaminated during 
processing or preparation. Pathogens of this category are Cunr/~ylohcrc~t~l-,jc~jlrni, Erztu- 
nrocho Iristolytic~cr, Enterohemorrliagic Esc~lrc~r~ic~l~ia c.oli. Enterotoxigenic E.sc~lzer~ic~l~ia 
w l i .  Giurdiu lanrhliu, Non-typhoidal Salmonella, Rotavirus, Tucnia soliurn, Vihr.io 
c~lrolcr~ur 0 1 and Yc~rsiniu cntcr.oc,olitic,c~. 

The full list of Inore than 60 organisms that can contaminate food can be found in the 
'Bad Bug Book' produced by the US Food and Drug Administration. 

Breakdown of Public and Veterinary Health Measures and 
Deficiency in Infrastructure 

It is well known that conflicts within and between countries can lead to breakdown in 
veterinary control nie;tsures, which can lead to the re-emergence of disease. Rinderpest 
control in Africa and South Asia is an often-quoted example of regions where civil dis- 
turbances have contributed to re-emergence. Foot-and-niouth disease and classical 
awine fever control in this region are difficult to control b e c a ~ ~ s e  of uncontrolled live- 
stock rnovernents. Severe constraints. including widespread strife, abject rural poverty, 
poor or absent infrastructure (personnel, facilities, roads. communications, law enforce- 
ment), limited logistical capacity, a long rainy season, frequerit climate-associated 
natural disasters and inadequate funding all contribute to the difficulties of controlling 
these diseases. 

Another concern is that control and monitoring disease can move away frorn govern- 
ruent control when intensification increases and vertical integration occurs. The 
managers of very intensive systems often become secretive about what diseases they 
have and what measures they are using to control them, to the detriment of good control 
and good practice, especia!ly the use or misuse of antibiotics. One legitimate concern of 
government is to assure pl-oduct quality and safety. and ways to monitor food safety 
must be developed. Applying such concepts as Hazard Analysis Critical Control Point 
(HACCP) may help, and is discussed elsewhere in these Proceedings. 

Economics and Consequence of Change 

The economic consequences of all aspects of animal production are not easily assessed. 
The long-term effect of the absence of animal fertiliser or humus on soil structure and 
soil fertility and the effects of nicchanisation on the soil, on energy requirements or on 
the environment are often overlooked. For example, [he lack of animals to use either 
waste products or by-products may well r e s ~ ~ l t  in such practices as burning rice straw, 
dumping waste with potential disease hazards, or using costly waste-disposal 
mechanisms. The reverse is also true. Feeding waste to animals can and has caused 
proble~ns, for example, feeding poultry manure to cattle has caused enormous losses 
due to botulism toxicity, and feeding abattoir waste to cattle caused BSE or Mad Cow 
Disease. Very few s t ~ ~ d i e s  have looked at the effects on health costs of changing 
agricultural practices. 

While it is clear [hat a correct balance is needed, there are cases where livcstock- 
raising practices create problems and difficulties. Intensive units, particularly pigs and 
poultry, can create major environmental and health problems. In a global context, the 
movement of feed for livestock is itself causing massive shifts in resources which, in 



the long term. create seriou\ problems in both areas. i.e. tlie provider and the recipient 
suffering from nutrient deficit and surplus re5pectivel). FOI- example. the producer fails 
to replenish land with manure. while the recipient area suffers pollution problems 
j e r io~~s l )  affecting crop production as \\ell as water quality. For a full assessment of the 
interactions of lilestock and the environment. see Steinfeld and other\. and de Haan and 
olhers. The publicalions form an excellent consenws of a stud) s~~ppor te t i  by a series of 
donors and glob:tl participation. 

Individuals and governments alike musl develop a new perspeclive on infectious 
disease outbreaks in animals and Ii~nl~ans.  The protection afforded by isolation to con- 
trol epidemics no longer esi\ts. 

The previously mentioned disease determinants are but some of tlie \ ariables in. and 
con\tsaints to. the Ii~lman-animal interaction. Within one country, there may be many 
different interactions. the usual outcome being that one of the disease determinants 
becomes dominant in the process. To identify the relative importance of a dise:~se and to 
decide whether control is marranted require more Illan a stutly of infectious agents. 
A sys t t "ns ; ' pp~) ;~ch  is required. with consultation among all contributing groups. A 
single-discipline appl-oach. w.hic11 in this contest can be described as 'tunnel vision'. 
must be acti\,ely discouraged. The reasons for 'tunnel vision' include tlie current S ~ S L I C -  

ture\ of some go\.ernment departments and ~~niversitieh th:tt promote the separateness of 
disciplines. Competition for limited reseal-ch funcis adds to the tendency for jpecial 
interests to be projected and protected. T o  change both structures and attitudes nitliin 
these organisations will take time. and is not wen as a short-term solution to the 
problem. An immediate and valuable contribution toward encouraging a j y s t em 
approach can. ho\ve\,er, be made b) the administrators of funding bodies and their 
3 d ~  isel-\. The) sliould require that proposal\ seeking theil- s ~ ~ p p o r t  include a broad per- 
spectivc of the hunlan-animal interactions in question. and a clear intention to involve 
all relevant diwiplines. especially ~vlien governments are planning area-w,ide integration 
of livestock. 

The concept of area-w,itie integration (AWI) afford\ the opportunity to consider the 
epide~niolog) and economics of diseajes when designing the 5ysteln. AWI should be 
undertaken w ith a sound kno\vledgc of disease control among other disciplines. The 
kno\\ledge \ \ i l l  inlluence [he preferl.ed sitirip of differelit livestock production s)\ tems 
not on11 globally but also regionrrlly. within a countr),. within a catchnient. and even 
i~ i th in  a farm. It 1% i l l  influence the type of livestock facility (housing. etc.) constructed 
and hoiv it is constructed. \vliere and hoib waste is trealed and dispo5ed of. \$here and 
ho\v inputs are purchased and delivered. where and how products are processed. and. 
especially. managelnent decision5. One exaniple is the 'All-in all-out s~ stem' \I. hich has 
revolutionisecl disease control in intensile units. In m:in) ways. the irnpact one can 
make on disease control in S L I C ~  :L pl;~nned sys ten~ is enor1iious. For ex;n~iple. if ~~bat to i rs  
can be jiled near production facilities. animal niove~nent acl-oss the countrqside can be 
reduced substantially. and disease control in gener:11 made much easier. 4 W I  offers 
another tremendous advantage in that the e5tablishment of a disease-free zone (DFZ) 
hecomes a possibility within part of a countr)  liere re i t  has been iriipo\sible to achieve 
countr) freedom. Since the greatest constraint to the free ~iiovcrnent of livestock is 
disease restrictions. the DFZ concept w,ould free-LIP trade. particularly if the economic 
:rd\,antages lvere great. 
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Emerging Viruses of Animals in Australia and 
Southeast Asia 

H.A. Westbury' 

Australia has, since 1994, cxpcrienccd a nuinber of previously unrccognised disease oulhrcaks 
in farnlcd livestock and fauna. Sorne of these diseases, such as thosc caused by Hendra and 
Menangle viru\es, were new to hudan and veterinary medicine; othel-\ were new although similar 
to di(eascs seen ill othcr pal-ts of thc world, c.g: thc direasc caused hy Auwalian bat lyss;~virus, 
while other5 such as epide~nic pilchard fish mortality were mysterious and require ful-ther st~idy to 
dctcrm~nc the causative agent, though i t  is t h o ~ ~ g h t  to he cau\ed by a herpesvirus. Experience and 
knowledge gained in studying these disease are iinportant to t l~c Southeast Asian and Pacific 
regions bec;~use. as demonstrated by the Nipah virus outbreak in Malaysia in 1998 and 1909. it is 
possible that these viruses. or closely related viruses. could cause disease outbreaks in other 
countries, particularly as the natural host of Hendra, Nipah. Menangle and Australian bat lyssa- 
virus see11is to be fl-uit bath (Megachiroplero) that are w~dcly distributed in the Southeast Asian arid 
Pacific region. This paper provide\ a n  outline of the history of' discn\e outbreaks in Aurtl.nlia 
caused by Hendra viruz, (HeV), Au\t~-alii~n bar lyssavirus (AB1.V) and Mcnanglc vil-us (MeV) and 
the discovery and chnractcris;~tion of lhcsc viruses. 

I \  ALIGUST 1994, two horses died suddenly on a 
PI-operty in Mackay, Quecnsland, Australia. The 
owners, a veterinarian and her husband, carried out 
postmortems on the horscs. and samples were sub- 
mitted for laboratory examination. The cause of 
death was attributed to avocado toxicity ant1 snake- 
bite, respectively, based on histopathological e x a m -  
nation, and no fi~rther tests into the cause of death 
were undertaken. Ten days after the death of the 
second horse, the husband was admitted to hospital 
with meningitis. from which he made an apparently 
successful recovery. These incidents would have 
been consigned to the family history except for a 
totally unexpected event 14 months later. 

Onc tnonth aftcr the Mackay incident, 13 of 20 
thoroughbred horses died or were euthanased termi- 
nally at a stable at Hendra in Brisbane. Queensland 
(about 800 knis south of Mackay) with the deaths 
occurring over a two-week period. ?'he ownerltrainer 
and a stable worker, both of whom had contact with 

' CSIRO Australian Animal Health Laboratory, PO Bag 24, 
Geelong Vic 3220 Australia 

the affected horses, became ill with an influenza-like 
disease from which the trainer died after 6 days of 
intensive care. A link between the illness and death 
and the virulcnt respiratory disease in the horses was 
not initially considered as the trainer's physician sus- 
pected Lcgiotlclla infection as the likely cause of his 
illness. Similarly, the clinical signs and lesions in the 
horses were suggestive of acute African horse sick- 
ness. or perhaps acute equine influenta (diseases 
exotic to Australia), and investigations were con- 
ducted with this in mind. However, these potential 
diagnoses were quickly eliminated, as were bacterial 
diseases, plant intoxications and poisoning. A novel 
paramyxo-like virus was isolated from the affected 
horses, and, indeed, from Lhe dead trainer. This virus 
reproduced the disease syndrome when inoculated 
inlo horses, and specific antibody to it was detected 
in the trainer and stable worker, and in all the 
recovered horses. The gross and microscopic lesions 
in the naturally and experimentally infected horses 
and the dead trainer were similar, and the con- 
valescent human sera reacted strongly in immuno- 
fluorescent and immunoperoxidase tests on tissues 



from affected horses. Furthermore, this virus induced 
similar clinical signs and lesions in cats inoculated 
with the virus, and similar microscopic lesions in 
expesiti~entally infected guinea pigs. The virus was 
therefore considered to be the causative agent of the 
disease and a new zoonotic pathogen. It was initially 
called equine morbillivirus (Murray et al. 1995) 
because it was more closely related to the morbilli- 
virus genus of the virus family Pu~.umy.\-o~~ir.idac~ than 
to the other virus groups in the farnily. Subsequent 
research (Wang et al. 1998) denionstrated. however, 
that it was unique and probably best categorised as 
the first virus of a new genus within the Pur.only.ro- 
1.ir.idac. It is now called Hendra virus (HeV). 

In October 1995, the man who assisted with the 
postmortems of the horses in Mackay was again 
admitted to hospital with clinical signs of central 
nervous systetn disease. He died following an illness 
of 25 days characterised by seizures and worsening 
paralysis. The caLlse of his death was not determined 
by extensive microbiological testing for recognised 
causes of such disease, and, in desperation, his 
physicians requested tests for HeV infection because 
they knew of his connection with horses and of the 
earlier death of the Brisbane horse trainer, even 
though the presenting signs of this disease were dif- 
ferent. HeV antigen was demonstrated in his brain 
using i~~irnunotluorescence and irnmunoelectron 
microscopy and typical HeV nucleocapsids were 
seen in ultra-thin sections of neuronal cells (Hooper 
et al. 1996; Hyatt and Selleck 1996). The polymerase 
chain reaction (PCR) was used to detect HeV in 
cerebro-spinal fluid and brain tissue, atid the 
nucleotide sequence of PCR product was homo- 
logous with that of HeV isolated in 1994. A signifi- 
cant rise in specific neutralising antibody titre to 
HeV was detected during the course of the disease- 
frotii 1: 16 at admission to 1 5 7 9 2  just before death. 
The virus was not isolated. perhaps because of the 
vil-us-antibody complexing. 

These results incriminated HeV as the cause of the 
disease, especially as the microscopic lesions- 
vascular thrombosis and occasional multinucleated 
giant cells in the endothelium of blood vessels- 
were also consistent with HeV induced disease. 
Furthermore. a neutralising antibody titre of 1 :4 was 
detected in a serum sample collected from the man 
soon after his recovery from the episode of menin- 
gitis in August 1994. This result suggested his source 
of infection with HeV may have been the horses 
postmortetned in 1994, even though these were pre- 
sullied to have died from avocado poisoning and 
snake bite. Retrospective testing of stored specimens 
from both horses using specific fluorescent antibody 
and PCR tests revealed each was, in fact, infected 
with HeV, and, despite the absence of key tissue 

samples such as lung, that their histopathological 
lesions were consistent with HeV disease (Hooper et 
al. 1996). 

Thus, in 1994, there were two outbreaks in 
Queensland of HeV disease on properties about 
800 kms apart and between which there was no 
apparent direct or indirect contact (Douglas et al. 
1997). A 'think-tank' of scientists within the 
Queensland Department of Primary Industries con- 
.jectured that birds or bats may be have been the 
source of the virus and the link between the two 
affected properties. so they undertook serological 
testing of birds and bats known to inhabit both 
Brisbane and Mackay. 

Specific serum neutrl~lising antibody was soon 
detected in bats of the f o ~ ~ r  species of the genus 
Pteropus found in Australia and, indeed, HeV was 
isolated from them. Specific antibody was not 
detected in other fauna tested, or, indeed, in horses 
following an intenbive structured serological survey 
in Queensland and elsewhere in Australia. These 
data pointed to fruit hats of the genus Pteropus being 
the natural reservoir host of HeV (Young et al. 1996) 
and that they were the probable source of infection 
for the horses, though how this occurred is unknown. 

A further case of HeV disease in a horse occurred 
in north Queensland in 1999, the lirst known case 
since 1994, despite intensive or-going surveillance 
by government animal health agencies and private 
veterinary practitioners. This history suggests that 
transmission of virus from the natural host to horses 
is a sporadic and occasional event, a concept SLIP- 

ported by a Pailure to detect HeV infection during 
retrospective examination of stored lung samples 
collected from horses with pneumonic lesions. 

Nipah virus, a virus closely related to HeV, 
caused a dramatic outbreak of disease in humans and 
pigs, and some other animal species, in Malaysia in 
1998 and 1999. Affected humans exhibited clinical 
signs of neurological disease following exposure to 
pigs with respiratory and/or central nervous systetn 
disease caused by the virus (Anon. 1999). Nipah 
virus transmits naturally and easily between pigs on 
a farm. between pig farrns by movement of pigs, 
from pigs and perhaps other animals to humans only 
if there was close contact (as during obstetrical inter- 
ventions), hut not readily, if at all, between humans. 
Serum neutralising antibody to Nipah virus has been 
detected in bats and it seems likely, as with MeV, 
that they are the natural host of the virus. Nipah virus 
is related morphologically, antigenically and genet i- 
cally to HeV, and is the probably the second ~nernber 
of the putative megamyxovirus genus of the family 
Pararnyxoviridae but is distinguishable fro111 HeV 
using serological and niolecular tests (B.T. Eaton, 
pers. com~ii.) .  



Hendra Virus 

tlendra virus was originally isolated from horse 
tissues using Vero monolayer cell cultures in which 
it induced a focal syncitial cy topathogenic effect 
(cpe) in aboul three days. The human virus was iso- 
lated in LLC-MK2 and MRCS cell monolayers in 
which it induced focal cpe in about 12 days. How- 
ever, the lior\e trainer had detectable levels of scrum 
neutralising antibody at the time of his death and 
thus thc amount of virus prcsent in his t i s s ~ ~ e s  may 
have be quite small. The virus was only isolated 
from his kidney. HeV is rc~iiarkable in tlie wide 
range of cell culture systems ill which it will grow, 
though Vero cells are most commonly used. I t  has 
morphological characteristics of a member of the 
family Paramyxoviridae. but it cannot, on  morpho- 
logical. biological and genomic grounds, be easily 
categorised illto the existing genera (i.e. rubulavirus. 
rnorbillivirus. respirovirus. pneumovirus and met;i- 
pneu~ilovirus) of the family. Wang et al. (1998) sug- 
geskd that HeV is the first or type virus of a new 
genus within the family. This suggestion is currently 
bcing considered by the International Committee for 
the Taxonomy of Viruses (ICTV). Nipah virus is 
probably the second member of this proposed new 
genus within the family. 

Hendra virua has unique morphological character- 
istics that are useful for diagnostic purposes. Elec- 
tron micrographs of negatively stained virus reveal 
pleo~norphic enveloped particles conlaining charac- 
teristic paramyxovirus nucleocapsids. The envelope 
is. very characteristically, covered with 10 and 
I X nrn length surface projections giving the particle a 
unique 'double-fringed' appearance. Such a double- 
fringed arrangement is not a feature of previously 
described ~nernbcrs of the Parannyxoviridae family. 
Free-lying herringbone-shaped nucleocapsids, which 
were 18 nm wide and had a periodicity of 5 nln were 
frequently seen in negalively stained preparations 
(Hyatt and Selleck 1996). 

The virus is enveloped and consequently it is able 
to be inactivated by co~npounds that disrupt this 
envelope. In the labosatory, we use either 3% lysol 
for 3 ~ninutes at 20 "C, 2% SDS for 2 minutes at 
100°C. 1 %  glutaraldehyde for 10 minutes at 20 "C, 
100% acetone for 15 minutes at 20°C,  pure 
methanol for 1 0  minutcs at O°C or gamma-ray 
irradiation for our diverse virus inz~ctivation require- 
ments, as well as formaldehyde fumigation of HeV 
contaminated animal rooms. 

1)iagnosis and Surveillance 

Experience indicates that HeV disease in horses in 
Australia is uncommon and sporadic though this 

provides no grounds for complacency as there is 
widespread appreciation of the importance of the 
disease from both an animal and hurnan health point 
of view. The possibility of HeV disease in horses 
should be considered if there is a sudden death in 
horses in areas and regions where fruit bats are 
common horse, particularly if there arc premonitory 
respiratory disease. Clinical signs of the onset of 
disease are a rise in rectal temperature and increased 
respiratory and heart rates and, occasionally, signs of 
central nervous system involvement. Field veterinar- 
ians need lo take stringent microbiological security 
precautions in handling potentially infected horses 
and during autopsy of such horses. These include. as 
a minimum, effective eye, nose and mouth protection 
fro111 fomites and aerosols, complete covering of the 
body with overalls. and double gloving with gloves 
tied by adhesive tape to the cuffs of the overalls/ 
shirts. In our institution. all in vivo and in vitro work 
with live virus and infected animals is done at bio- 
security level 4 (BL4). The possibility of bone-stick 
i11.juries and injuries fro111 other sharp equipment 
~lsed during autopsy needs to be in the forefront of 
pla~ining for such work. 

The gross pathology in the lungs of affected 
horses is higlrly suggestive. but is not pathogno- 
~nonic .  Not all naturally and experimentally infected 
horses have exhibited the typical lesions of pulmo- 
nary oedema and dilation of the ventral lymphatics 
of the lung together with hae~iiorrhage and froth in 
the trachea, bronchi and bronchioles. Histologically, 
syncitial giant cells in blood vessel walls particularly 
in tlie endotheliurn of lung capillaries and arterioles 
are very characteristic of the disease. These syncitial 
cells can also be seen in lyniph nodes, spleen, brain, 
stomach, heart, and kidney (Hoopcr ct al. lC197). The 
syncitial cells can be immunostained with specific 
antibody  sing Iluorescent or irnmunoperoxidase 
staining techniques. The virus grows well in a range 
of cell culture systems, though Vero cells are corn- 
monly used. It induces cytopathogenic effect (cpe) of 
the syncitial type in about three days in Vero cells in 
the first passage, rarely requiring blind passaging. 
Electron microscopy can be used to visualise the 
virus by negative staining and ultrathin section of 
infected cell culture material, and, indeed. i t  can be 
similarly seen in tissue section from affected animals 
(Hyatt and Selleck 1996). The ~ ~ n i q u i e  'double 
fringe' of the virus can be seen in this way. and its 
identity further confirmed by immune electron 
~nicroscopy using gold labelled probes. Polymerase 
chain reaction (PCR) detection and ~u~lceot ide  
sequence characterisation has been done using cell 
culture propagated virus, as well as fresh and 
formalin-fixed tissues from affected animals (Hooper 
et  al. 1996). Specific antibody is detected using 



ELISA or virus neutralisation tests (Murray et al. 
199.5; Roners e t  al. 1996). - 

Epiden~iological investigations and structured 
serological surveys in Queensland and other parts of 
the country were conducted in Australia following 
the detection of HeV disease horses in Brisbane and 
Muckay (Baldock et al. 1996; Rogers et al. 1996). 
Similar investigations were undertaken by the 
Queenslnd State Government animal health authori- 
ties following the diagnosis of the disease in a single 
horse at Cairns in 1999 (K.J. Dunn, pers. comm.). 
These studies demonstrated 110 spread of HeV 
beyond the known recorded infected premises. 

A high awarcness of the possibility that horses in 
Australia can become infected with this lethal 
toonotic virus has been created among government 
and private veterinarians, and people who keep 
horses, through media and professional awareness 
programs. The disease is officially notifiable under 
legal regul:~tions on all states of Australia and there 
is a legal obligation on all animals carers to report 
suspicions of ~ ~ n u s u a l  animal disease to anirnal 
disease control authorities. 

Prophylaxis and Treatment 

There are no vaccines to control HeV disease and no 
antivirals suitable for use in infected animals, even if 
it was financially viable to do so. The Brisbane out- 
break of the disease was controlled by a stamping 
out program involving slaughter of all known 
infected horses, quarantine of premises, controls on 
the movement of horses within a defined disease 
control zone and serological surveillance to detcr- 
mine the extent of infection. Serological testing 
rcvealcd no other known infected premises. 

Likewise, serological testing was used to deter- 
mine the extent of infection on the infected premises 
and elsewhere in Mackay and Cairns incidents. No 
other infected horses were identified on the premises 
so infection did not spread beyond the two and one 
affected horses on the Mackay and Cairns properties, 
respectively. 

Hendra Virus and Bats 

Six of eight susceptible bats experimentally inocu- 
lated with a dose of HeV known to infect and induce 
disease in horses. cats and guinea pigs developed 
detectable levels of specific antibody to the virus 
without exhibiting obvious clinical signs of disease. 
(Williamson et al. 1998). Only two of these had 
microscopic vascular lesions suggestive of HeV 
infection when examined 21 days after challenge. 
The vascular lesions observed were similar to those 
wen in experimentally infected g ~ ~ i n e a  pigs and were 

able to be specifically stained using immunohisto- 
chemical techniques. No virus was isolated liom 
samples collected at postmortem which is perhaps 
not surprising as they had developed specific anti- 
body at the time of virus sampling. 

Additional experimental studies also induced sub- 
clinical infection bats, including animals that were 
pregnant. However, the virus was isolated from the 
foe t~~ses  of experimentally infected pregnant bats 
and specific inimunostaining was observed in the 
placenta (M.M. Williamson, pers. comm.). Taken 
together, these studies indicate that HeV does not 
induce disease in bats, at least under the conditions 
of the experiments, but is responsible for a sub- 
clinical infection except perhaps in pregnant anirnals 
where i t  rnight induce congenital disease following 
transplacental transmission. Indeed. Halpin et al. 
(1996) describe the isolation of HeV from uterine 
discharges of a bat that had niiscarried twin foetuses 
and from three other bats. 

A range of issues concerning HeV infection of 
bats requires further study. Little is known of the 
biology of the virus in bats including how it is trans- 
mitted between bats, and when this occurs. and. per- 
haps, most importantly how it is transriiitted to its 
~ ~ n u s u a l  host-the horse. The virus infects the four 
species of Pteropid bats present in Australia and it 
has been found across the entire geographic range of 
these bats. Thcre is also serological data suggesting 
infection of bats in Papua New Guinea and New 
Britain (MacKenzie 1999) 'This, together with the 
fact that infection scetils to be subclinical in bats. 
suggests that the virus is part of their natural niicro- 
biological experience. Why il has only apparently 
recently emerged is a frequently asked q ~ ~ e s t i o n  for 
which there are diverse opinions and answers. 

Australian Bat Lyssavirus 

The discovery that fruit bats were the probably the 
natural hosts for Hendra virus prompted research to 
study the natural history of the virus in these bats. 
The Australian animal health laboratory network co- 
operated in this study and collected samples from 
bats for examination and testing for HeV. Fraser et  
al. (1996) noticed inclusion bodies in the neurones of 
a bat s~~bmi t t ed  as part of this study and conjectured 
that these were more likely to be associated with a 
lyssavirus infection than HeV. 

This was in fact the case and s~~bsequent ly  i t  was 
found that infection with lyssavirus was widley dis- 
tributed in mega- and micro-chiroptera. Genetic 
analysis of this lyssavirus showed that the virus was 
disting~~ishable from classical rabies virus, and other 
members of the lyssavirus genus. and, in fact, rcpre- 
sented genotype 7 of the genus so it was called 



Australian bat lyssavirus (ABLV) (Gould et al. 
1998). It was also possible to differentiate further 
within the genotype and show subtle genetic differ- 
ences in strains of ABLV found in mega- and micro- 
chiroptera. 

A major shock occurred soon after the discovery 
of ABLV when a person who was a bat carer died 
with a 'rabies-like' disease after being bitten by an 
ABLV infected bat (Allworth et al. 1996). A second 
person also died after being bitten by another ABLV- 
infected bat. This caused serious concern among 
human public health officials and lead to recom- 
mendations about in~rn~lnisation of people against 
ABLV for people occupationally and recreationally 
exposed to bats. It also lead to development of proto- 
cols for treatment, so-called post exposure therapy 
(PEP), of people bitten or scratched by bats. All this 
was possible because ABLV is more closely related 
a~itigenically to classical rabies virus (genotype 1 of 
lyssavirus) than to the other ~llembers of the genus, 
and rabies vaccine induces complete protection 
against challenge with ABLV. 

There is still much to learn about the natural history 
of ABLV in bats, particularly as serum antibody to 
ABLV has been detected in bats with no apparent 
history of cli~iical disease. How the virus transmits 
between bats, and when this occurs, is not known, as 
is whether ABLV can infect and cause disease in 
other s p e c i e s s ~ ~ c h  as dogs and cats. It is unlikely that 
ABLV is confined to bats in Australia or that it is the 
only genotype oflyssavirus naturally infecting bats in 
the Southeast Asian and Pacific region. 

Menangle Virus 

In 1997. a severe disease outbreak occurred in a 
breeding piggery in the Menungle district of New 
South Wales, Australia. The disease was chamcter- 
ised by decreased farrowing rates. and a diminished 
number of live piglets born. A high proportion of the 
dead piglets were mummified and stillborn and some 
exhibited deformities such as arthrogryposis and 
brachygnathia. Affected stillborn piglets frequently 
had severe degc~ieratioll of the brain and spinal cord, 
and occasionally fibrinous body cavity effusions and 
pullnonary hypoplasia. No disease was seen in post- 
natal pigs of any age (Philbey et al. 1998). 

The outbreak was a real financial blow to the 
farm's owner. The disease outbreak was initially 
thought to be associated with a breakdown in the 
porcine parvovirus itnmunisation program. though 
this was soon demonstrated not to be the case. A 
novel paramyxovirus was isolated from the lungs, 
brain and heart of al'fected piglets, and seruni anti- 
body to this virus was detected in sows with affected 
litters and in other postnatal pigs on the property. 

Specific antibody was also detected on two other 
farms that obtained young pigs from the affected 
breeding farm. No disease was detected on these 
properties, confirming the observations made on the 
index property about the lack of susceptibility to 
disease of postnatal pigs. 

The virus was demonstrated to be unrelated to 
other known paramyxoviruses and it was called 
Menangle virus (MeV). Two piggery workers with 
intense occupational exposure to infected pigs were 
found to have specific antibody and both experi- 
enced an influenza-like disease with rash soon after 
the diseaselinfection emerged on the farms on which 
they worked. Serologic testing showed no alternative 
cause and this plus additional investigations sug- 
gested that the two men were affected by MeV. 
These two were the only persons in about 250 people 
with potential exposure t o  infected pigs that were 
found to infected or affected by MeV. The mode of 
transmission from pigs to humans remains unknown 
(Chant et al. 1998). 

Subsequent studies at the Australian Animal 
Health Laboratory indicated that MeV was a menlber 
of the rubulavirus genus of the pararnyxoviridae 
(M. Westenberg, D.B. Boyle and B.T. Eaton pers. 
comm.) and that it was capable of inducing con- 
genital disease in susceptibk pregnant sows inocu- 
lated with it at about the midpoint of gestation 
(H.A. Westbury unpublished data). 

l 'he gross lesions seen in the experitnentally 
affected piglets was not as severe as that seen in the 
field outbreak, but microscopic lesiolis in the brain 
were qualitatively the same as those seen in ~iaturally 
affected piglets, and the lesions were able to be 
stained with specific antibody to MeV using an 
irn~nunoperoxidase technique. The lack of severity of 
discase expression in affected piglets may have been 
associated with attenuation of the virulence of the 
virus caused by serial passage in cell culture required 
for virus isolation. or to factors s~lch as the dose of 
virus adrninistcred or to the route of inoculation. 

The uniqueness of the disease and of MeV 
prompted questions about its source. Animals 
species (rodelits. birds, cattle, sheep, cats and a dog) 
on or in the vicinity of the index property were tested 
serologically with negative results. A large colony of 
grey-headed fruit bats (Pter-opus ~ o / ~ o ~ ~ L ~ ~ I / I u / L I s )  as 
well as little red fruit bats (Ptcr.o/?~r.s .sc~u~~crlufu.s) 
roosted within 200 metres of the index property and 
so fruit bats were also investigated a s  potential 
sources of infection (Philbey et al. 1998). 

Serum collected from fruit bats in the States of 
Queensland, New South Wales and Victoria as part 
of HeV and ABLV studies were tested for MeV anti- 
body with positive results. Indeed specific antibody 
was detected in all four species of the genus Pteropus 



found in Australia and specific antibody was found 
in bat sera collected in 1996. before the disease out- 
break o n  the index property. Together these data 
pointed to fruit bats as  being the source of MeV.  

Thus,  in the last five years, fruit bats of the 
Pteropus genus have been found to  be the probable 
natural hosts of HeV, A B L V  and MeV. three pre- 
viously unrecognised viruses with zoonotic potential. 
There is a lack of  knowledge concerning many 
aspects of  these viruses, and the diseases they 
induce. as well a s  the means by which they transmit 
between bats, and from bats to  other hosts such a s  
horses in the case of HeV. pigs in MeV. and humans 
for all three. 

Hendra virus and M e V  are able to  cause serious 
outbreaks of  diseasc in farmed livestock. a s  has 
Nipah virus. a close relative of  HeV. In addition. 
ABLV is able to  cause lethal disease in humans a s  
can H e V  and Nipah virus, and the disease caused by 
MeV in humans is very discomforting. The  disease 
caused by H e V  in horses is very dislinctive and has 
very characteristic gross and microscopic pathology 
and the virus is easily isolated. 

The  disease had not been rccognised o r  described 
in Australia before 1994. Likewise. the disease 
caused by M e V  in breeding sows  is characteristic 
and had not been previously described. Similarly, the 
clinical signs and lesions caused by Nipah virus 
infection in pips in Malaysia had not been recog- 
nised prior to the outbreak. 

W h y  have these viruses 'emerged'  in the last few 
years? There is no  understanding of this, although 
speculation about poorly defined forces bringing 
people and their animals into closer contact with bats 
by various means are most frequently mentioned. 
What is probably indisputable. however, is the HeV,  
MeV and A B L V ,  and/or viruses closely related t o  
them, will be found it1 megachiroptera. and possibly 
microchiroptera, in other countries in the Southeast 
Asian and Pacific region and that. consequently, 
further outbreaks of these nasty diseases could occur. 
Human and animal health authorities and specialists 
should be aware of these diseases and have means to  
diagnose and conlrol them. 
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Pathological Study of Experimentally Infected 
Chronic Swine Fever in Pigs 

Tuangthong Patchimasiril, Wasana Pinyochonl and 
Sudarat Damrongwatanapokinl 

Twenty-seven 3-4 week-old pigs were divided into three groups: group I, nine seropositive to 
classical swine fever virus (CSFV) pigs; group 2, ninc seronegative to CSFV pigs; and group 3. 
co~rtrol group, ninc seronegative to CSFV pigs. Pigs in groups 1 and 2 were inoculated intranasally 
with lo6' TClD5,,of low virulent swine fever virus strain Kampangpetch 111993 but pigs in group 
3 received only culture medium. Three pigs (one from each group) were sacrificed at 1 ,  3, 6, 9, 12. 
15, I X ,  21 and 21 weeks post-inoculation (p.i.). There were no differences in clinical signs and 
pathological findings between groups I and 2. CSFV antigen was detected in lymphoid organs of 
all experimentally-infected pigs. CSFV was successfully isolated from blood and serum samples, 
but not from the tissue samples. The study indicates that viral isolation from blood and serum 
samples can be done for confirmation of chronic swine fcver. 

I N  LATE 1992, there were outbreaks of chronic 
CSF in Thailand. Clinical signs were mild with low 
mortality. Haemorrhagic papular dermatitis was the 
only gross lesion observed. Isolation of low virulent 
CSFV is very difficult. The objectives of this study 
were to investigate gross and histopathological 
patterns of low virulent CSFV infection and to 
identify suitable specimens for viral isolation. 

Materials and Methods 

Experimental designs 

Twenty-seven 3 4  week-old weaning pigs were 
tested for antibody to CSFV by neutralising peroxi- 
dase linked assay (Parchariyanon et al. 1997) and 
divided into three groups (nine pigs each): group 1, 
seroposilive to CSFV pigs; group 2, seronegative to 
CSFV pigs: and group 3 (control group), sero- 
negative to CSFV pigs. The pigs were housed 
separately. Pigs in groups 1 and 2 were inoculated 
intranasally with 106.5 TCIDso of low virulent CSFV 
strain Kampangpetch 111993. Pigs in control group 
(group 3 )  received only culture medium. Clinical 

' National In\titute of Animal Health, Chatuchak, Bangkok, 
10900 

observation and temperature examination were per- 
formed daily. Blood and serum samples were 
collected weekly for haematological and virological 
studies. Three pigs (one from each group) were 
sacrificed at I,., 6 , 9 ,  12, 15, 18,2 1 and 24 week p.i. 

Postmortem examination 

Necropsy was performed and lesions were recorded. 
Organs, blood and serum samples were collected for 
histopathological and virological studies. 

Histopathological studies 

Collected samples of brain, tonsil, lymph nodes, 
spleen, thymus, viscera, skin and sternal bone were 
fixed in 10% neutral buffered forrnalin and 
embedded in paraffin wax. Thin sections (5 mrn) 
were cut and stained with haeniatoxylin and eosin. 

Virological studies 

Collected samples of brain, tonsil, lymph nodes, 
spleen, thymus, liver and ileum were processed for 
antigen detection using indirect fluorescent antibody 
technique (Mengeling et  al. 1963). The organs, blood 
and serum samples were also used for virus isolation. 
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Results 

Most inoculated pigs in groups I and 2 (eight of nine 
and seven of nine, respectively) had intermittent 
fever (39.840.8 "C) starting frorn nine days p.i. 

Gross lesion observed was mild to moderate 
haemorrhagic pap~llar dermatitis (about 0.5 mm in 
diameter) on ears and body trunks of pigs in groups 
1 and 2 (8 out of 9 each) starting at 3 weeks p.i. 

Microscopic lesions found in brain, lymphoid 
organs, kidneys. bone marrow and skin of experi- 
mentally-inoculated pigs are summarised in Table 1. 

CSFV antigen was detected in lymphoid organs of 
all pigs in groups I and 2 from one week p.i. until 
24 weeks p.i. Virus isolation, however. was suc- 
cessful from blood and serum samples, but not the 
tissue samples, during 3-16 weeks p.i. 

Discussion 

An experimental infection of chronic swine fever 
with low virulent strain Kampangpetch 111993 
CSFV was reported. Observed clinical features: 
intermittent fever, mild skin lesions, endothelial 
swelling in brain and mild ly~nphoid depletion in 
Iy~llphoid organs in agreement with studies by other 
investigators (Okaniwa et al. 1969; Van Oirschot 
1980, 1992). In contrast, haemorrhages in kidneys, 
lymph nodes and urinary bladder, spleen infarction, 
ulcer in colon and leucopenia previously docu- 
mented were not found (Mengeling et al. 1969; 
Okaniwa et al. 1969 and Van Oirschot 1992). 

Unlike blood and serum samples from which the 
causative virus could be isolated successfully, the 
tissue samples were not suitable specimens for low 
virulent CSFV re-isolation. The unsuccessful re- 
isolation of the virus from tissue samples may be due 
to the much lower level of CSFV in tissues than in 
blood or sera. 

Conclusion 

The present experiment confirtned that, even in the 
presence of CSFV antibodies, pigs showed mild 
clinical signs and developed mild pathological 

changes when infected with low virulence CSFV. 
The examination of skin, brain, lymphoid organs and 
bone marrow for pathological lesions is very impor- 
tant. Samples of lyrnphoid organs are appropriate for 
the detection of the CSFV antigen, whereas blood 
and serum are suitable for isolation of the CSFV. 
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Diagnosis of and Emerging Diagnostic Technologies for 
Classical Swine Fever 

T.W. Drew1 

Pc\tivir~~\es can he broadly dividetl inlo four. geriolypes: Clu\ical Swine Fever (CSF), Bovine 
Viral Dic~ri-hoea (BVD) I anti 11, and Bol-dcr Dihensc (BD) of \hccp. Whilc there is some propensity 
for the different viruseh to he found in their respective liost~. they are not exclusive. so tuiy detection 
o f  a pectivil-us infection in a pig will rcquil-c furthel. ide~i(i('ici~ti~n heht-e swine fever can he 
un:ullh~guou\ly tliagnosed. The clinical higrrs of  CSF are very variable arld are not pathog~lo~iionic, 
so Inhora~ory dingnohi\ is essential. 

CONVENTIONAL methodologies for the laboratory 
diagnosis of CSF are well documented and are 
provided in detail by the OIE (Anon. 1996). CSF is a 
list A disease and ;I niunber of OIE reference 
laboratories exist to provide reagents and consul- 
tancy. Initial tests include the examination of frozen 
sections or impression srnears of tonsil, spleen, 
kidney and i lcu~n for viral antigen. followed by virus 
isolation in a PKIS cell line or other suitable cells. 

Cultures are examined for CSF virus by irn~nuno- 
fluorescence. initially using a labclled polyclo~ial 
antibody. Further characteriaation of isolates is per- 
formed using a panel of differential monoclonal anti- 
bodies. Laboratories undertaking isolation n ~ u s t  
ensure freedom of cell lines and culture media. par- 
t ic~~lar ly  calf serum, free of adventitious pestivirus 
infection. In countries where the C-strain vaccine is 
used, its isolation must be a consideration in diagnosis 
and can be identified by inoci~lation into rabbits. 

Serological tests are particularly useful in moni- 
toring for disease in low-incidence areas and pro- 
viding proof of CSF-free status. Serology is also 
sornetirnes i~sed in tracing exercises in the event of 
an outbreak. The serum neutralisation test is the only 
serological test that can differentiate among pesti- 
viruses. Such tests can ernploy fluorescent or 
peroxidase-conjugated antibody to visualise the 
virus. A number of antibody ELISAS have also been 

' VLA Weyb~~dge. Nem H'Iw, Addlc~lonc. Surrey KT15 
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described, but current configurations cannot dis- 
criminate. The use of vaccine in a country can 
severely limit the value of serological tests, since no 
current tests can discriminate between antibodies 
induced by a vaccine and those induced by field 
infection. 

Emerging Technologies 

In the sphere of serology, ELISA tests are under 
development, designed to differentiate antibodies 
induced by different pestivirus genotypes. The tests 
will utilise recombinant proteins from the major 
envelope glycoprotein, E2. Along with the develop- 
ment of E2-based vaccines, companion tests are 
under development that hope to differentiate E2 
vaccinal antibody from that induced by field infec- 
tion, either by detecting antibody to Ems, or to E2 
itself, if a deletion E2 protein vaccine is used (van- 
Rijn et al. 1999). 

A significant ernerging technology for the detec- 
tion of CSF is the reverse transcriptase-polymerase 
chain reaction (RT-PCR). This technique detects 
viral RNA in a number of types of saliiple and is 
very rapid and sensitive. In the past. the technique 
suffered from a high incidence of false positives. 
generated by contamination with PCR DNA. This, 
along with difficulties associated with scale-up, has 
hampered earlier introduction of this technique, but a 
novel one-tube method (vanRijn et al. 1999), com- 
bined with the use of a molecular probe (McGoldrick 



et al. 1999), has finally allowed this technique to 
enter the sphere of routine diagnosis. 

In this new modification, an RT-PCR reaction is 
performed, followed by a second-round PCR, or 
nested PCR (nPCR). all within the same tube. The 
one-tube method involves drying the second-round 
reagents in a polysaccharide. trehalosc, in the lid of 
the tube, obviating the need to open the tube. After 
the R T  and first-round PCR, the tubes are inverted a 
few times and the second-round PCR is then per- 
I'ormed. Primers which recognise all pestiviruaes are 
used in this assay, while a fluorogenic probe confers 
the specificity of the reaction, providing a signal that 
can be read automatically using a TaqMan reader 
(McGoldrick et al. 1998). 

The fluorogenic signal is generated by the specific 
action of the polymerase during successful PCR, so 
the amount of signal is proportional to the aniount of 
PCR product. The presence of a signal indicates that 
the probe rnust have bound, confir~ning that the 
product of the reaction is derived from a pestivirus. 
Probes have been rlcsig~ied that allow the detection 
of all pestiviruses or a particular genotype, so a 
aeries of reactions can be simultaneously performed 
that both detect and type the pestivirus in question. 

Experiments have shown the TaqMan RT-nPCR 
test to be up to 1000 times more sensitive than con- 
ventional virus isolation wing  CSF-infected blood, 
serum and tissues. 

In the immediate future, it is anticipated that the 
TaqMan RT-nPCR will become widely used within 
Europe, where validation trials have alrcady been 
undertaken and where harmonisatiorl is now under- 
way. With time. as it gains international recognition, 
it is likely to become the 'Gold Standard' for the 
detection of CSF and other pestiviruses worldwide. 
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Considerations Regarding the Transport of Samples and 
Development of Diagnostic Protocols for the Detection of 
Classical Swine Fever Virus under Endemic Conditions 

Zhang Fuqingl, Syseng Khounsy2, Zhang Nianzul and S.D. Blacksel12 

Many factors influence the reliability of laboratory techniques to diagnose classical \wine fever 
virus (CSFV). These include i l u  close relationship to other members of the pestivirus genus, such 
aa bovinc viral diarrhoea virus (BVDV) and border disease virus (BVD), and the prevailing 
transport infrastructure o l a  developing country to transport safely animal samples to the laboratory 
for diagnosis. Then there i \  the choice of the best test procedure to employ, given the problem of 
finding the balance between technical issues, financial considerations and the expectations of 
\t:ikeholders. Again\[ this background, two laboratory techniques for  the diagnosis of CFS, the 
antigen trapping enry~ne-linked immunosorbenl assay (AT-ELIZA) and the rever\e transcription 
polymel-ase chain reaction (RT-PRC), were assessed to ascertain their application to differing sets 
of endcnlic CSF circu~nstnnces. 

THE SPECIFIC detection of virus or antigen is the key 
to outbreak diagnosis in the case of classical swine 
fever virus (CSFV) infection. In PR China and Lao 
PDR, the need for accurate CSF diagnosis in the case 
of suspected CSF  outbreaks is essential as dif- 
ferential clinical diagnosis of affected animals at 
post-mortem between CSF  as bacterial agents can 
make diagnosis problematic. 

A problem that is apparent, especially in Lao 
PDR, is the minimal infrastructure l'or specimen 
collection and submission. Furthermore, high 
ambient temperature and a lack of specimen refriger- 
a ~ i o n  facilities may result in coniprornised specimen 
quality impacting negatively in some tests. There- 
fore, the use of robust and reliable diagnostic tech- 
nologies, given the local constraints, is essential to 
the diagnosis of CSF. 
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In this papcr, the authors discuss the relativc 
benefits of two popular diagnostic technologies, the 
antigen-capture enzyme-linked imniunosorbent assay 
(ELISA) and reverse transcription polymerase chain 
reaction (RT-PCR) for their suitability for diagnosis 
in CSF endemic situations. 

Materials and Methods 

Samples 

In Lao PDR, samples were transported to the ACIAR 
project laboratory via the provincial sample sub- 
rnissio~i network. Samples of spleen were collected 
at post-mortem and placed in a transport buffer (50% 
PBS pH 7.2 + 50%' glycerol) in a glass or plastic 
tube (usually a clean, previously used, evacuated 
blood tube) which was s~lbsequently placed inside a 
specimen transport container of locally constructed 
PVC plumbing fittings construction (Figure la,  Ib). 
The sample was sent to the laboratory via road, post 
or air transport. In PR China, sarnples were sub- 
mitted to the laboratory via a structured field net- 
work. The samples are collected post-mortem and 
are transported on ice to the laboratory. 



Figures l a  and lb. Collecting a spleen sample for CSFV diagnosis in Lao PDR. The PVC specimen transport container is 
shown on the left. (Photographs by Jim Holmes). 



Diagnosis o f  CSF infection by the CSF 
antigen-trapping ELISA 

The classical swine fever antigen-trapping ELISA 
(CSF A1'-ELISA) is similar to that described by 
Shannon et al. (1993) with local modifications 
described by Blacksell et al. (1999). The assay 
emplcys three rnonoclonal antibodies, a pestivirus 
g r o ~ ~ p ,  bovine viral diarrhoea virus (BVDV)- 
specific and negative, to specifically delect the pres- 
ence of CSF antigen or otherwise by inference. 

Two grams of tissue were minced into small pieces 
in a 20 m L  universal bottle followed by the addition 
of 5 mL of a solution of 1 % NP-40 in PBSA. The 
preparation was niixed thoroughly by vortcxing and 
allowed to stand at 25 "C for 2 hours, mixing every 
10 minutes. Following incubation, the t i s s ~ ~ e  prepara- 
tion was centrifuged at 2000 r11nin for 10 minutes 
and the supernatant tested undiluted. Samples not 
tested im~nediately were \tored at -80 OC. 

CSF AT-ELISA r~zrthodology 

This ~iiethod required the use of a 96 well U-bottom 
polypropylene ~iiicrotitre plate (low protein blinding) 
that was ~ ~ s e d  as a liquitf-phase incubation plate 
(rcferrcd to as the LP  platc) and a 96 well tlat- 
bottom polystyrene microtitre plate (Maxisorb, 
Nunc, Denmark) used for the ELISA procedure 
(referred to as the ELlSA plate). The LP plate was 
blocked for potential immunoglobulin binding with 
5'k. skim milk powder (SMP) + 5% Normal Goat 
Sera (NGS) in carbonate buffer (blocking solution 
A) and incubated at 4 "C overnight. An ELISA plate 
was coated with goat anti-CSFV IgG at a dilution of 
1 in 5000 and incubated at 4 OC overnight. Following 
incubation, the ELISA plate was washed 3 times 
with washing buffer (PBSA + 0.05%' (vlv) Tween 
20) with 1 11iinute soak between each wash. To block 
any potential adverse immunoglobulin binding, the 
ELlSA plate was incubated with blocking solution A 
for 90 niinutes at 37 "C with shaking. Following 
incubation, the LP plate was washed 3 times with 
washing buffer with a I-minute soak between each 
wash. One hundred ~nicrolitres of each test sample, 
QC cc?1it1-01, CSF positive and negative control 
samples to three appropriate wells (see Figure 2 for 
plate format). Add 100 yL/well of Pestivirus Group- 
reactive, BVDV-reactive and negative inonoclonal 
antibodies (MAb) to the appropriate column wells 
(see Figure 3 for plate format). Incubate the LP  plate 
stationary at 37 "C for 1 hour. During the incubation 
of the LP plate, the ELISA plate was washed 3 times 
will1 washing buff'er and blocking solution added and 

the plate inc~~ba ted  for 1 hour at 37 "C. Following 
the completion of' the respective incubations, the 
ELlSA plate was washed by 3 washing cycles and 
95 yL  volurnes of sample/MAb mixtures tr;~nsferred 
from the LP plate to the ELISA plate in the appro- 
priate for~nat wells (see Figure 4 for plate format) 
and incubated for 90 ~ninutes at 37 "C. The LAP plate 
was discarded at the completion of this transfer step. 
At the completion of the incubation, the ELISA plate 
received a 5-cycle washing procedure and 
100 yL/well of rabbit anti-mouse IgG - horseradish 
peroxidase conjugate diluted I in 1000 in PBSGT 
(i.e. PBSA + 1 %  gelatine + 0.05% Tween 20) and 
incubated for 60 minutes at 37 "C with shaking. At 
the completion of the incubatioii, the ELlSA plate 
received a 5-cycle washing procedure and 
I00 ~ L / w e l l  TMB substrate was added and incu- 
bated for 10 niinutes at room temperature and the 
reaction with 50 ILL of 1M H2S04  :ind read at 
450 nm on a ~iiicroplate reader. 

The rcsults were interpreted by first calculating a 
signal to noise ratio (SIN) for each sarnple thus: 

average OD450 nlii with positive MAb 
Sm = average OD450 nm with negative MAb 
As recornmended by Shannon et al. (1993) the 

following interpretation was made for each sa~nple:  
SIN ratio >2.00 Positive 

1.50-1.99 Doubtful (repeat test) 
< 1 .SO Negative 

RT-PCR for the diagnosis o f  CSF infection 

RNA ettr'ac'tior~ 

'The methodology for RNA extraction using 
TRIzolB reagent was essentially the same as that 
described by the manufacturer with some minor 
modifications (Christian Mittlehozer, pers. coni~ii.). 
Spleen tissue frorn CSF-positive anirnals was 
ho~ilogenised in PBSA with 1% NP-40 to give a 20%' 
(w/v) so l~~ t ion .  niixed well and incubated at 25 "C 
for 1 hour. T o  clarify, the honiogenate was centri- 
fuged at 6500 rlmin for 1 minute and 250 p L  of the 
supernatant transferred to a new 1.5 mL microfuge 
tube. '1'0 the supernatant, 750 pL of TRI7olO reagent 
was added and incubated for a minimum of 
5 l n i ~ i ~ ~ t e s  at room temperature followed by the 
addition of 200 y L  of cliloroform, vortexed for 
15 seconds, inc~~bated at room teniperature for 
3 minutes and centrifuged at 12000 rlmin at 4 O C  for 
15 minutes. T o  precipitate the RNA, 450 y L  of the 
aqueous phase was transferred to a new 1.5 mL 
~nicrofuge tube to which 500 y L  of isopropanol was 
added, mixed by inversion, incubated at room 
temperature for 15 mi~iutes and centrifuged at 12000 
rlnii~i at 4 "C for 15 minutes. l 'o  wash the RNA 



Figure 2. Layout of sample\ and contl-015 on LP platc l'or thc cla.~sical swlnc l'cver nntigcn trapping ELISA 

Figure 3. Layout 01' monoclonal antibodies on the LP platc for the clas\ical swine fever a~itigcn trapping ELISA. Group- 
Pc \~ i \  iru\ group reactive. RVDV = Rovillc Viral Diarrhea Vil-u\ rcnctikc. Ncg = Negative. NKJ = Not Utiliscd. 

Figure 4. Layout ot \amplc/mo~iocloti~~l antibody m~xtures when trariht'el-red to the EL.ISA plate for the classical \wine fever 
antigen trapping ELISA. G~.oup-Pestivil-~~\ gr0~11) reaclive. UVDV = Bovine Viral D~arrlioca Virus reactive. Ncg = Ncgativc. 
h/O = Not btili\cd. 



pellet. the supernatant u a s  carefully decanted and 
1000 pL of 80% (\,I\.) ethanolluater \$as added to 
the resultant pellet. briefly  nixed and centrifuged at 
12000 rimin at 4 'C for 5 minutes. The supernatant 
\vas c i~ re f~~l ly  dec:inted :rind the pellet air-dried and 
Sinall) resuspended in 25 uL of DEPC-treated water 
and stored at -85 "C. 

T u o  primer sets bere emplo~ed  for routine CSFV 
diagnosis. The first primer set amplified a 288 hp 
region located in the 5'  non-coding region (5'NCR) 
of the CSF genome. The primer sequences were as 
I'ollou s: forb ard primer 124, 5 '  -ATG CCC TIA TA 
GTA GGA CTA GCA - 3'  (positions 108-1 28 bases 
in BVDV iXADL strain). reverse primer 326. 5'- 
TCA ACT CCA TGT CiCC .4TG TAC-3' (pojitionj 
395-375 bases in BVDV NADL strain) (Vilcek et 31. 

1994). The second prinner set  as based on those 
described by Lowingj et al. (1996) with minor 
modification5 (P. LO\\ ings. pcrs. comm.) to a~nplif!, 
an e\pected product hire of 271 bp of the 5' end of 
the CSFV E2 gene. Tlie primer sequences were as 
follou 5: forb lrrd primer - 5'  TCR WCA ACC AAY 
CiACi .4TA GCiCi 3'  (po5itions 2467-2487 in A1fol.t 
strain) and reverse prinier - 5' CAC AGY CCR 
AAY CCR AAC; TCA TC 3 '  ( p o s i t i ~ ~ i s  273-1716 
in Alfort strain). 

A single-step RT-PCR kit. PCR ACCESS (Promega. 
LTSA) \\as eniployed and the nietiioil a:, describeci h> 
the nian~11'3ct~1rer 118s l'ollo\ved. The kit allo\\ed the 
RT anti PCR to take place in the a n i e  recicrion tube 
that employed a single proprietary buffer for both 
re;ictiona. 'l'he R.1'-PCR reaction contained 1.0  pl- of' 
RKA. 1 .C) LII* of I0 m'CI dNTP. 3.0 LIL of I0 ph1 
Ibr~vard primer. 3.0 LIL of 10 uM reLerse pritner. 
10.0 pL1 of 5 x AMV/T/7 reaction buffer (com- 
position is proprietar) inl'ormation). 2.0 uL of 
-. ? 5  m h l  hlgS04. 26 pL of DEPC-treated \+atel-. 
1.0 uL of ot avian m)eloblastosi\ \,irus (AMV) 
rewrse tran5cripta\e (5  units/pL) and 0.5 yL  
T/ic~i.i?iir.\ ,ficii,ic.\ (To) pol>niera~c ( 5  units/,t~L). The 
reverse transcription of RNA to cDNA took place at 
a temperature of 48 "C for 45 minutes follo\ved by 
healing to 94 'C for 2 minutes to inactivate tlie AhlV 
reverse transcriptase. Tlie PCR immediately 
follo\ved for 40 cycles of 94 "C for -30 seconds. 
54 'C I'or 1 mlnute. 68 'C for 2 ~ninutes fc>l lo~~ed b), 
:I final e~ tcn j ion  of 68 'C for 7 ~ninutes. 

To assess samples at [he complelion of the RT- 
PCR protocols. 5 uL of sample u,as mixed \+ ilh a 5 x 
1o;iding buffer (Bioratl. USA) and loaded into 21 25) 
agarose gel containing ethidiu~n hrolnide (0.5 

yg/mL) in 40 mM Tris-Acetate. 1 mM EDTA (TAE) 
buffer and silbject to electrophoresis a1 100 volt5 for 
60 minutes. A 100 bp nlolec~~lar size marker (Biorad 
Easyload) containing 10 fragments from 100-1 000 
bp in 100 bp increments was run in parallel on 2111 
gel{. To vis~lalise sa~nples. the agarose gel \$as s i~b-  
jecled to ~ ~ l t r a  violet transillumination. 

Comparison of ELISA and RT-PCR 
niethodologies 

The R h A  extrcrction and RT-PCR methodology \+as 
compared against the CSF AT-ELISA by assessing 
eight Chinese jamples and 70 Lao samples. Both the 
E2 and 5'NCR prirner sets were employed in the 
assessment of the RT-PCR. 

Comparison of the relati\e sensithit! of 
Al-ELIS-I and RT-PCR methodologies to tlie 
detection of CSFV in decomposed samples 

To determine the relative sensitivity of AT-ELISA 
and RT-PCR methodologies to the detection of 
CSFV in decomposed samples. a sample of exper- 
i~iientall!.-infected CSFV spleen was placed in a 
standard s:unple transport tube and sub,iected to 
ambient temperature in the shade during the month 
of April 1998. Samples were taken daily and pro- 
cessed in the us~lal manner for RT-PCR or AT- 
ELISA assessment. 

Results 

San~ple transport 

In Lao PDR. the average submission time to the 
I~rboratory u a s  4 days crlthougti some s l ~ w i n i e n  
reached the lahorator!, more that1 7 days following 
di5patcli. The average annual temperatirre in 
Vientiane tit) during lCl98 \\as 27.4 'C (Anon. 
1999) although at certain times of the year such LIS 

the hot season the temperature can be much higher. 
On initial exarnin~ition of the 5amples on a r r i~a l  at 
the laborator). lnost uere found to be in decompo\ed 
but acceptable condition for d i a g n o k  Samples that 
had been sul,jected to longer periods of transport 
\\ere genescrll!, in a pi~trid state. 

Samples submiued to the laboratory in PR China 
\\ere in a genel-;illy better condition due to the refi-ig- 
eration of the sarnnple during tranjporl. 

C'ompariron of IT-ELISA and KT-PCR 
methodologies with routine diagnostic 
,ubniision\ 

The oplimised RT-PCR ,\,tern of TRlrolR RNA 
extraction and the single-step RT-PCR a ith both the 
E2 and 5'NCR primer set5 was co~npared again5t the 



CSF AT-ELISA. Results are presented in Table I for Discussion 
Chinese samples and Table 2 for Lao PDR samples. 
From the results presented. it is apparent that the 
AT-ELISA was able to detect a greater number of 
positive samples in the Lao samples than the RT- 
PCR with either primer set. Overall, the S'NCR 
primer set detected a greater nu~ilber of CSFV 
positive5 tha11 the E2 primer set. 

I'able 1. Cotnpdt~wn of Ch~ne \c  CSF \,~rnple\ In KT-PCR 
,~nd AT-ELISA \y\tem\ 

Ke\ult RT-PCR RT PCR (E2) AT-ELISA 
(S'NCR) 

---- -- - 

P o v t ~ \ e  X 8 8 
Neg'ltlve 0 0 0 

- -- -- - -  - 

Table 2. Comparison o f  Lao CSF st~mples in RT-PCR and 
AT-ELISA syqtems 

Re\ull RT-PCR RT-PCR (E2) AT-ELISA 
(S'NCR) 

-- 

I'osilivc 56 1 8  6 3  
Ncgativc 13 22 6 

Comparison of sensitivity of ELISA and KT-PCR 
methodologies on decomposed samples. 

The average monthly temperature during April I998 
was 29.5 "C in Vientiane Municipality (Anon. 1999). 
On visual inspection, at day 4 and subsequently. the 
spleen sample was in an obvious state of decomposi- 
tion with a marked offensive odour. Results for the 
ELISA and RT-PCR methodologics are presented in 
Table 3. The AT-ELISA was able lo detect antigen 
;it Icast ~111til day 9 whereas the R1'-PCR was unable 
to detect CSFV in samples beyond day 6. 

Classical swine fever virus is a somewhat difficult 
virus to diagnose from a laboratory viewpoint. The 
CSFV is antigenically closely related to other 
members of the pestivirus genus, BVDV and border 
disease virus (BDV) and therefore must be discrimi- 
nated from these related viruses before a confident 
result may be reported. 

CSFV does not naturally lend itself to classical 
virological techniques such as cell culture isolation, 
as the agent, with a few exceptions, does not produce 
cytopathic effect (CPE) and the ubiquitous nature of 
BVDV contamination of cell lines via infected media 
supple~llents is an overriding concern. 

Conventional CSF diagnostic methods in smaller 
laboratories have therefore relied upon the techni- 
cally simpler immunofluorescence techniques 
employing polyclonal or monoclonal antibodies on 
cryostat cut sections. A more con~plex assay with 
increased sensitivity and specificity is the CSF 
antigen-capture ELISA initially described by 
Shannon et al. (1993) which has been successfully 
employed at regional laboratories in Thailand 
(Blacksell et  al. 1999). The test employs a panel of 
monoclonal antibodies to discriminate between 
CSFV and BVDV antigens. The most sophisticated 
assay for the laboratory detection of CSFV is the 
polymerase chain reaction that enables the specific 
detection of CSFV in clinical samples (Vilcek et al. 
1994). Reports of the CSFV PCR to clinical 
applications have concentrated mainly on primer sets 
with the S'NCR (Vilcek et  al. 1994). 

The quality and method of sample transportation is 
an important factor in the overall diagnostic outcome. 
Samplcs compromised by delays in transit to the 
laboratory and/or high ambient temperature will 
decompose rapidly. Ribonucleaser (Rnases) naturally 
present in the sample will degrade RNA rapidly 
making the RT-PCR less reliable or unable to 
generate a product. 

In general, the ELISA tech~lologies are less 
affected by degraded samples as only CSFV antigen 
is detected. Financial constraints on developing 

Table 3. Compariwn of KT-PCR anti AT-ELlSA systcrns when testing decompohed clinical samplcs. CSFV-positive 
spleen sa~nple stored at arnhient temperature in Lao PDR and \ampled sequentially. 

D. '~ys , . 'kt ambient ternperaturc 
- ~ - 

Assay 1 2 3 4 5 h 7 8 9 
- - -- -~~ 

AT-ELISA (SIN) 15.2 16.8 13.2 15.4 11.2 8.8 9.2 5.3 5.0 
KT-PCR (5'NCR) + + + + + + - - - 

- ~ 

SIN - Signal to noise ratio. Result\ greater than 2.0 are con\idered to be CSFV-positive. 
5'NCR = 5 '  non-coding region primer set employed. 



countries in general do not allow the luxury of 
specimen refrigeration. This factor, coupled with 
high ambient temperatures such as in Lao PDR, 
results in rapid sample deconiposition. Chemical 
stabilisers such as using TRIzol" in the transport 
~ncdium (Trevor Drew, pers. corn.) is one solution to 
the problem but is expensive to purchase and poten- 
tially harmt'ul to the inexperienced field operativc. 

In this study, we have assessed two diagnostic 
technologies for CSFV diagnosis. The AT-ELISA 
was able to reliably detect CSFV antigen in decom- 
posed samples. The R.1.-PCR using the S'NCR 
primer set was less reliable in amplifying CSFV 
genetic regions than the AT-ELISA. A nested or 
secondary PCR was not attempted because of the 
potential of cross-contamination of the sample due to 
limited designated PCR areas in the laboratory. A 
nested or secondary PCR may have provided the 
additional sensitivity required to make the test as 
sensitive as the ELISA but this must be balanced 
against the potential for amplifying a false positive 
due to a lack of PCR infrastructure. 

The choice of diagnostic techniques for any 
infectious agent must maintain a balance between 
technical issues (i.e. sensitivity, specificity and 
methodology). financial considerations (i.e. cost per 
sample and overall available budget) and expecta- 
tions of stakeholders (i.e. speed of testing and 
reporting to authorities). In a disease-free situation or 
regions where authorities are aiming for that 
achievement, technical issues and expectations of the 
stakeholders are of paramount importance when con- 
sidering the choice of diagnostic assay. The cost of 
the assay may be of lesser iniportance given the 
importance placed on the 'correctness' and rapidity 
of the result given the poterltial financial losses in the 
case of an incorrect result. Conversely, in the case 
where a disease is endemic, the technical, financial 
and stakeholder issues take on the perspective of 
disease monitoring and require a different level of 
consideration. 

Scientists have the responsibility to e~iiploy the 
most suitable laboratory technologies to the disease 
situation. There are examples of 'gold standard' 
assays employed at great cost to developing country 
institutions in terms of establishment costs, only to 
find later that the cost of consumables and nianage- 
ment issues are beyond the scope of the laboratory. 
PCR is a case in point of a highly sensitive diag- 
nostic technology that has important management 
issues especially in terms of q ~ ~ a l i t y  control. The 
problem of false positives due to contaniination 
exacerbated by lax specimen processing or a lack of 

basic laboratory infrastruct~~re can have dire con- 
sequences. Furthermore, knowing the limitations of 
assays such as PCR is an important step in under- 
standing the performance capabilities of a test. 

While PCR may not be the most suitable assay Ihr 
developing country laboratories at this point in time. 
it still has an iriiportant role to play in the area of 
molecular cpide~niology. The amplification of 
geno~iiic regions for future downstream applications 
such as s e q ~ ~ e n c e  determination can be performed at 
relatively low cost and tailored to rnediurn level 
throughput in a small laboratory. The important 
considerations of false positives due to cross- 
conlaniinalion of samples is still of major concern 
but is somewhat offset by determining sample 
identity following nucleotide sequencing. 

Acknowledgments 

This work was supported by the Australian Centre 
for International Agricultural Research (ACIAR), the 
Department of Livestock and Fisheries, Lao People's 
Democratic Republic (Lao PDR), the Bureau of 
Animal Husbandry of Yunnan Province (PR China) 
and CSIRO Division of Animal Health. Thc authors 
also wish to acknowledge Miss Manivanh Phouara- 
vanh and Mrs Klionsavanl Douangphachanh for 
excellent technical support. 

References 

Anon. (1990) Basic statistics about the socio-ccono~iiic 
development ill  the Lao PDR National Statistical Centre. 
Slate Planning Cornmiltee. Vientiane. 

Blacksell. S.D.. Chaninanpood, C.. Tatong. D., Monpolsiri. 
M.. Camel-on, A.R., Kamol\iripicliaipol.n, S., Linchong- 
subongkoch. W., Wcstbury, H.A. 1')OO. Laboratory diag- 
~iosis arid quality coritl.ol tcch~iologies in asses\lng 
livestock diseaws. In: Shal-ma, 1'. and Baldock, C. cd. 
Understanding arii~iial health in Southeast Asia. 
Advances in the collection. management and use of 
ani~iinl health information. ACIAR Monograph No. 58 ,  
Canhem. 11 1-125. 

Lowings, J.P., Ibala, G., Nccdha~n. J.  and I'nton, I1.J. 1996. 
Class~cal swine fever virus diversity illid evolut~o~i. J. 
Gen. Virol., 77: 131 1-1321. 

Shannon, A.D., Morrissy, C.J. Mackintosh, S.G. and 
Westbury. H.A. 1993. Detcctio~~ of hog cholera viru\ 
antigens in experimentally-irifected pigs using an 
antigen-capture ELISA. Vet. Microhiol., 34: 233-243. 

Vilcck. S., Herrinz. A.J., Hcrr~ng, J.A., Nettleton, P.F., 
Lowings, J.P. and Paton, D.J. 1904. Pestiviruses iwlated 
from pigs, c:lttle :ind sheep can be allocated into at 1c:lst 
three genogroups u\ing polymerase chain reaction and 
rcjtriction cndonuclcae analysi\. Arch. Virol., 136: 
309-323. 



Retrospection of Research into Classical Swine Fever, 
National Institute of Veterinary Research, Vietnam 

Nguyen Tien Dzungl 

Clas\ical \ \ \ lne fever (CSF)  has been and \till i \  n main theme oC sc\en~-ch in the Kationol 
In\li l~lte of \'elel-innr! Re\c;lrch (NIVR) of Vietnam dilc to ~ t \  Ilnportnnce In thc pig production of 
that countr!.. Results of r.e\earch conducted in the NIVR \ince it\ I'oundation (1968) are de\cribed. 
Stutiic\ of epidcln~olog) \ho\%cd a \\ ldc il i \ trihut~on of CSF  111 the country and the di\ea\e ha\ the 
tendenc! to a chroliic e\.olut~otl. The pre\ence of irlfeclion b) the lo\\ lil-ulent CSFV \\a\ [lemon- 
rraied b! ELISA. Rc\eal-ch into thc CSF  vlru\ \t~-aili C (Chlnche \tram). the \ accinat~on and the 
lcvcl of mnterlinl ~ l i t~ho i i i e \  \ugge\ted tlint vacci~iation had to he pr:icti\ed on piglet\ born to 
\ accin;~ted \o\ \ \  \ \hen the! \ \ere 3 5 4 5  dn)\ olti. Tlie ~naternal antihod) level examined h) the 
commercial ;~ntit)oii!ilctcct~ng EL1S.A \%as foulid different from one piglat to a t l~thel -  piglet at tile 
\Lime age. 

T ~ I E  National Institule of Veterinar) Research 
(NIVR) of Vietnam Bas establislicd in 1968. The 
mandate of the instilulion is to conduct research in 
tlic vcterin:lry sciences in Vietnam. Its facilities are 
mainly located in Hanoi and 21 br:lnc11 in  Vha Trang 
Cit) (centre of Vietnam). 

Tlie research tllemea focus on inl'eclious and 
p;~r;~sitic diseases in commercial animals. In addilion. 
they are st]-onply oriented to the reality of the disease 
situation in the country. 

~ 1 ,  c ~ s s ~ ~ ; ~ I  . . '  . swine fever (CSt-) is t l ~ e  most dev;ls- 
tating disease in pig-rearing in Vietnam (Dcto ct al. 
1985). C o n q u e n t l ) .  it ha\ been and still is one of 
the main subjects for NIVR since its foundation. 
This paper reports the results o f  research illto CSF 
conducted by the UIVR. It is ~borth noting that tlie 
ccimpilation of the data to -rite this paper is difficult 
\ince research achievements in Vietnam in general 
and in ~eter inar)  qciencej in particular are poorly 
published. 

Epidemiology of CSF 

I'he epidemiolog!, of CSF in Vietria~n Mas sti~died 
and re\ icmed by Tran and Dao ( 1989). In summing 

I Depnrt~i~erit  ot \'irolog>. National In \ r~tule  of \'elel-inur! 
Kewarch 

up CSF occurrences duri~ig 20 years (1969-89). they 
found that 80% of outbreaks were recorded in the 
period from December to March of the following 
year and attributed the condition to the cold climate 
and tlie acti1.e circulation of the animals and their 
prod~icts during that time. 

On the source of the contarninant. the author\ con- 
sidered t l~at CSFV existed in the location wherever 
there \vas pig-raising. This implied the ubiquity of 
the virus in the pig herds. Intereslingly. t\bo disease 
patterns were described. The first one o c c ~ ~ r r e d  in the 
~~nvaccinated or occasionc~ll) vaccinated repions. 
CSF Mas observed in pigs of a11 ages. The disease 
was expressed in its 'pure form' and carried the 
endemic character. Clinical signs and lesions were 
identical lo those that had been described widely 
elsew here L I I I ~  tlie infected animals normally died. 

The seco~id pattern was characterised by secondary 
bacterial infections. mainly Salr~lorlc~llrr. E. c.011. 
P~r.,/c~irr.clltr and Src~l~roc~oc.c~rrs. that coiliplicated dic~g- 
no\is. This pattern M,:IS recorded in the vaccinated 
regions and occurred mainly in pigs of weaning age. 

The infection in tlie sows induced reproductive 
failures: abortion. momification. stillborn and abnor- 
tnalities. In the first quarter of 198.5 in the farm of 
Binh Luc. 26 of 75 f ; l r ro~, i t ig~ res~tlted in total loss 
due to CSF. The I-eprocluction failures gener;ilised 
later in the early 1990s. 



Chronic CSF and/or infection by the low virulent 
CSFV were indicated by field veterinarians also at 
the beginning of the 1990s. The disease was charac- 
terised by stunting and constipation only. This latter 
explains the nickname 'dry CSF' to describe this 
forrn of CSF. 

Confirmation of CSFV infection by the laboratory 
test was reported (Nguyen et al. 1999). Other studies 
using the antigen-detecting ELISA (SERELISA 
HCV Ag Mono Indirect, Synbiotics) indicated that in 
the industrial pig sector. the proportion of CSFV 
carrier sows was as high as 20% on the studied 
farms. (Nguyen 1988; Nguyen and Ngo 1999). The 
figure could be higher than that. We  have found 
seroconverted sows during our observation, but 
tested by the same antigen ELISA kit. the animals 
were negative (unpublished data). Low sensitivity 
combined with poor viraetnia may explain the 
finding. 

In addition, with the collaboration of the Australian 
Animal Health Laboratory (Geelong, Victoria) we 
have confirmed the presence of congenital CSF. This 
fomi of CSF was characterised by the birth of appar- 
ently normal piglets. However. the piglets died during 
the first 10 days of life. 

Studies of CSFV 

Virulent CSFV werc isolated from diseased pigs. 
Two isolates were studied extensively, not the 
viruses themselves, but rather their pathogenicity. 
The two isolates were named 73A or HY (the abbre- 
viation of Hung Yen, the name of the province 
where the virus was isolated) and the 73B or HT 
(likely, for the name of I l a  Tinh province). The iso- 
lates were kept by nionthly passages in the suscep- 
tible pigs. They were titrated in pigs. The 73B was 
found tohave a higher titre than the 73A (10' 'IDso/ 
pig/mL of whole blood versus 10' ' IDSo/pig/niL, 
respectively). Also. pigs itioculated with the 73B had 
a short (3-5 days post-inoculation) incubation time 
while those inoculated with the 73A had a long incu- 
bation time (6-7 days). The 73B was considered 
Inore virulent than the 73A strain and then used for 
virulent exposure in other studies. 

The lapinised c-strain (Chinese strain) was intro- 
duced into Vietnam in 1960. This strain was also 
studied in the 1970s. The pathogenic stability of the 
strain for rabbi t  was confirmed after 110 passages 
in a total of rnore than 600 rabbits. The criteria used 
for the evaluation were incubation time, fever 
duration and fever intensity. On average, the fever of 
the inoculated rabbits began to rise 36 hours after 
inoculation, the duration of the fever was 23 hours 
and intensity was 1.5 OC higher than the rabbit body 
temperature before the inoculatiotl (T.D. Nguyen. 

unpublished data]. The avirulent nature of the virus 
toward the pigs was tested and confirmed as totally 
apathogenic for pigs of all categories, even for preg- 
nant sows (Dao et al. 197%). Transmission of the 
CSFV c-strain fro111 sow to foetus was not found. 
The test used for the revelation of the condition was 
thc inoc~~lation into rabbits (three successive blind 
passages) using the spleen and the niesenteric lymph 
nodes of newborn piglets as the initial inoculurn 
(Dao et  al. 1979b). 

The virus aniount in inoculated rabbits was also 
studied. The spleen and the ~nesenteric lymph nodes 
contained the highest amount of the v i r ~ ~ s  (104.5 
g for rabbits). Attempts to increase virus production 
in rabbits were not successful (T.D. Nguyen, unpub- 
lished data). 

Studies of Vaccination 

Maternal immunity and its influence on the inimuno- 
genic response to CSF vaccine in piglets born to 
vaccinated sows were investigated using 207 piglets 
of varying ages. The virulent exposure to the aninials 
showed that 30-day-old piglets were 100%' protected 
by maternal antibodies: 35-day-old piglets were 60% 
protected; and at 45 days old the piglets became 
quite susceptible. This suggested that piglets had to 
be vaccinated not later than at 45 days old. 

Vaccinated piglets exposed to the viruletit 
challenge developed vaccinal immunity in spite of the 
presence of maternal antibodies. The interesting thitig 
was that the vaccinal i~ntnunity did not last long. Vac- 
cination of piglets under 30 days old induced an 
irnn-unity for up to two months. The 45-day-old or 
older piglets when vaccinated developed a solid 
irnni~lnity that lasted until the end of the experiment 
(six months post-vaccination) (Dao et al. 1990). 

Based on these results, since 1980 vaccination has 
been recomniended for piglets of 35-45 days in 
normal conditio~is and for pigs of all categories in an 
CSF outbreak area. Recent studies using simul- 
taneously the antibody-detecting ELISA of AAHL 
(Geelong, Australia) (Shanon et al. 1993) and the 
ELISA kit frotn the Netherlands (CTB-ELISA, 
id-dlo, Netherlands) indicated that maternal anti- 
bodies could be detected only in piglets (446 individ- 
uals examined) under 50  days old born to vaccinated 
sows (98 sows). It is important to note that there was 
a great diA'erence in maternal antibody level not only 
between litters of a satne age but also between pig- 
lets of a litter. The results imply that it is difficult to 
get an homogenous vaccinal immunity in piglets if 
an active immunity to preverit the infection at early 
age is sought. 

The anti-infection property of the vaccinal itnmu- 
nity was determined by exposing susceptible pigs to 



the virt~lent challenged pigs which were previously 
vaccinated. The  susceptible pigs became infected, 
having been put with the challenged pigs within 21 
days post-challenge. This  suggested the possibility of 
their infection and the excreting of virulent virus by 
vaccinated pigs. However.  the vaccinated sows when 
infected by virulent C S F V  did not transmit the virus 
to the foetuses (Dao et al. 1979b). 

General Comments 

Research conducted at the NIVR has responded to 
the problem of the existence of CSF,  its distribution 
and its evolutio~i  in Vietnam. The  research sonie- 
times bore the character of certain diagnosis. Effec- 
tively. by clinical signs. C S F  cannot be distinguished 
from other infectious diseases. especially infections 
by the l o u  virulent CSFV.  Moreover, the research by 
KIVR plays a guiding role in the fight against infec- 
tious diseases in the country. Research into vaccina- 
tion is aimed at guiding field veterinarians in their 
\ accination campaigns. 

Questions arising about the real situation of a~linial  
health are many.  The  above-mentioned results have 
answered some of them in a realistic fashion, and s o  
contributed to pig industry development in Vietnam. 

Differences between the above-mentioned results 
o r  conclusions and those p ~ ~ b l i s h e d  elsewhere may 
exist. The  specific experimental conditions. the 
animals used and the experiment design could 
explain those differences. 

However. results of the vaccination studies 
sugge(t that vaccinalion needs further study. The  
maternal antibody level is not the same in every pig. 
leaving some piglets unprotected either by maternal 
antibodies or by vaccinal antibodies. Moreover. 
well-vaccinated pigs could still be  infected and 
excrete the virus, not  to mention that not all pigs 
could be vaccinated in the vaccination campaigns. 
Assessment of vaccination efficacy by virulent 
exposure is an absolute and definite test but only 
valid for the exposed pigs. Furthermore, the vaccina- 
tion practised in laboratories is quite different from 
that practised in the field. Therefore. there is an 
urgent need for a simple test for measuring the 
immunity against C S F  created by the vaccination 
campaigns. It w0~11d help ~iionitoring and improve 
the vaccination. 

The  fight against CSF in Vietnam might be com- 
plicated by the Bovine Viral Diarrhoea Virus. The  
presence of this pathogen in Vietnam remains 
obscure i l l  terms of laboratory confirmation. The  so- 
called 'irnniune failures' in pigs, meaning unrespon- 
siveness to C S F  vaccine, have been repeatedly 
reported by pig veterinary practitioners. The  con- 
dition suggests an irnmunotolerant state that 

pestiviruses are well known to cause. Research in 
progress at NIVR is focusing on  distinguishing 
infection in pips from C S F V  from those caused by 
BVDV.  
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MOLECULAR EPIDEMIOLOGY 
OF CLASSICAL SWINE FEVER 



Molecular Epidemiology of CSF: An Overview 

I. Greiser-Wilkel and D. Paton2 

In comhin;~tion \\it11 p1i)logcnetic .inal!\i\. moleculnr epidemiolog) ha\ pro\ed to he n potelit 
tool tot- trdc~lig the ortg111 ci~itl \pread of CSF  \ ~ ~ - u \ e s  after an outbrcc~k. Exchange of d;11;1 rrom 
prc\iou\ \tudies hel\ been greall) hampered a\ different genome target\ for \equence cleternr~- 
 intio on. difterent pli) loge~ietic ~iietIiocl\ for \eiluelicc '~~ial!s~s. and a J~ffcrcnt  nomenclature for 
dcmon\tratcd generic clu\ter\ \ \crc u\ed. The ;lit11 of the project \ \a \  tv \tandaril~\e tlie niethod- 
ology. For tlii\. rlrree det~t ied trag~iients o t  tlre genome (5 'NTR.  E2 and h S 5 B j  mere \elected. and 
a \tandardi\ed protocol for the ccrlculation of pli) logenetic tree\ incluil~ng tlie ~ i o ~ i i e ~ i c l a t ~ ~ r e  tor tlie 
genetic t!pe\ \\ere established. In c ~ t l d ~ t ~ o n .  a d a t a b ~ ~ s c  ; ~ c c c \ s ~ b l c  b) World \Vide \Vcb ~ ~ h e 1 - e  
el>i(le~iiiologiccrl ancl \eclLlence data can he I-apicll) retrie\ecl for compnriso~i m ttli tile sequences of 
ne\vly cicqulrcil lsoliitc\ \\;I\ constructed. Tlic i\olates ;innl>scd u\ing the \~cuid;~rdi\ed method\ 
\Iio\\ed s hat the! co~ i ld  he assigned into orre of three ~riaili getietic gl-oup\ (1-3). 111 ~ I - O L I ~  1. 0111) 

i~nal)  \ i \  o t  the E2 fragment allo\\cd 11s to fur~her  di\tingui\Ii at Icc~\l three \ ~ t b g r o ~ ~ p \ .  hIo\t Iii\toric 
i\olate\ [I-om Eut-ope crncl A~iierica. ;uid \utile A\ian i\olnte\. \yere found in one ot  tlie\c sub- 
group\. I\.lo\t recent ~\ola tcs  fro111 different regloll\ it1 Europe irtid \evere11 I'i.0111 .A\ii~ mere it1 g r o ~ ~ p  
2. \\ hel-e a11 three genetic lesion\ anal)\ecl ~rllo\+ed L I \  to d i \ t i~ igu~sh  tliree s~ ih -g~-o~ tp \ .  11i11ricIy 2.1. 
2.2 and 2.3. Fin,~ll).  vlru\e\ m;~inly from A\in k11 into one of Lhe huh-group\ in group 3. The 
\ i ru \es  in three of [lie subgroup\ (3.7. 3 .3  aticl 3.4) a e r e  fro111 Kore,~. T1i;ril;lnd and Jap;~n/Tai\v;l~i. 
re\pect~\el!. A \ingle \ i ru \  i\olnted in the United Kingdom i n  the I%O\  con\titute\ <;roup 3. I. 

lu P A S T  L r..,Aus. cornparati\ e molecular anal! \is has 
e\tensi\,ely been ujed for genetic tlping of pesti- 
viruses (Bcchcr et 31. 1997: Harasa\+a and Gian- 
gaspcro 1998: Vilcek et al. 1999). Genetic subgroups 
for CSF viruse5 \+ere defined (Low ings et al. 1996). 
and i t  \+as shown that CSF virus isolates originating 
from different regions c.g. in Gcr~nan! (Greiser- 
Wilke et al. 1')OS). in Poland. Slovakia. Hungary or 
Estonia (Stndejeh et al. 1997: Vilceh et al. 1997). 
fortned relatively well-defined genetic clusters. 
Thew fact5 strong]! \ugges~ed that in combination 
\\it11 epideniiological findings. genetic typing 
(molecular cpidcmiology) could becot~ie an invalu- 
able tool for tracing the origin and 5p1-ead of tlie 
vir~ts \\henever new, outbreak, occur. Hoibever. 
comparison 01' se5~1lts l'rom previous studies is 
haniperecl by the fact that different regions of the 

I In\titutc of L'irolog). School of Veterinar) Ibledicine. 
Corninunit! Kelerence Liihorator! tor Cln\s~cnl S \ v ~ ~ i e  
Fc\cr .  Buentc\\cg 17. 3O550 H;l~ino\er.  German) 

Yeteri~tar! Lnhoratot-~e\ .Agent!. We) hl-idge. Adillestolie. 
Surrc! KT15 3'vB. Llnited Kingdorn 

genome atid different statistical :rlgorithms \\ere 
used for calcula~inp tlie phllogenetic trees. Thcre- 
fore. it became elident that 5tandardisation of the 
protocols for genetic typing and for phylopenetic 
analysis was necessary. In addition. to facilitate tlie 
exchange of data. a database containing the epidenli- 
ological information and the sequences I'rom the CSI- 
virus isolates 11:1d to be generated. The re5ults pre- 
sented here si~mrnarise those obtained in a comiiion 
effort by seven European 1;lboratories (European 
Commission FAIR contract PI.95-0707). 

Materials and Methods 

CSF \ irus collection 

Before large acale ~ i i o l e c ~ ~ l a r  epitlenliology could be 
performed. two prerecjuisites had to be fulfilled. The 
first one was the availabilit!. of a large and r e p r e w -  
tative collection of CSF virus isolate$. u.it1i the cor- 
responding epidemiological int'orniation concerning 
the date and geographic locality of the outbreal\, and 



whether the isolate originated from domestic pigs or 
from m,ild boar. 

In the Community Reference Laboratory for 
Classical Swine Fever in Hannover, a collection of 
more than 600 CSF virus strains and isolates was 
created. and the epidemiological data for each virus 
was stored in a computerised database. 

Selection of target genomic regions 

Although recent studies showed that almost any 
fragment of the virus genome can be useful for genetic 
typing (Becher et al. 1997: Hofinann et al. 1994: 
Stadejek et al. 1996: Lowings et al. 1996: Vilcek et 
al. 1999), only an agreement on defined regions would 
make new data useful for comparative studies 
betueen laboratories. Therefore, the following three 
genomic regions were selected (Figures in parenthesis 
correspond to nucleotide positions in Alfort/l87* and 
AlfortiTuebingen"";. respectively): 

Fragments of the 5 '  nontranslated region (5'  NTR): 
(190-339"; 150 bp), 
A fragment of the E2-gene (2508-2697": 190 bp) 
A fragment of the iiS5B-gene ( 1  1148-1 1556": 
409 bp). 
The f o l l o ~  ing RT-PCR primers were selected for 

use in future phylogenetic studies: 

5 '  IYTR: 
Pi.in1ci.s lrsetl f o r  et~rir.e 5' NTR an~plific~ation ( f  
CSFI.: 
CSF-R411 (antisense): 5'  CAC TCC CAT TGG TTT 

TTG TTT GT 3' (41 1 4 3 3 " )  
CSF-LO01 (sense): 5'  GTA TAC GAG GTT AGT 

TCATTC 3 '  ( 1-2 I")  
Seqlrcr~c,ing prin1ci.s: 
ohtuiiled n,itll 11i.ir7z~i.s CSF-R41 I 'CSF-LOOI: 
ACR408 (antisense): 5 '  CTC CCA TTG GTT TTT 

GTT TGT TTG 3 '  ( 4 0 8 4 3  1 *) 
ACRI 19 (antisense): 5 '  GGC TAG TCC CTC CGT 

E2 gene: 
Outel. set 
Forward 5 '  AGR CCA GAC TGG TGG CCN TAY 

GA 3' (22 18-2240"") 
Reverse 5'  TTY ACC ACT TCT GTT CTC A 3' 

(2888-2870"") 
Ir~rlci. set /for. riested PCR anc1,foi. .sequerlc~ir~,q) 
Forward 5 '  TCR WCA ACC AAY GAG ATA GGG 

3' (2467-2487"") 
Reverse 5'  CAC AGY CCR AAY CCR AAG TCA 

TC 3' (2738-2716"") 

NS5B qerle: 
S l  Forward 5'  GAC ACT AG(T/C) GCA GGC 

AA(C/T)AG 3' (11128-11148"") 
S2 Reverse 5'  AGT GGG TTC CAG GA(A1G) TAC 

AT 3 '  ( I  1576-1 1557"*) 
Same primers used for sequencing. 

Phglogenetic methods 

For phylogenetic analysis. CSF viruses were either 
grown in cell cultures (e.g. PK15 cells), or the RNA 
was extracted directly from clinical samples. After 
RT-PCR the products were sequenced either by 
cycle sequencing or by solid phase sequencing. 

Calculation of bootstrapping values and 
phylogenetic trees 

The fact that several computer programs using 
different algorithms were applied for phylogenetic 
studies further complicated comparative evaluation 
of results. Therefore, a standardised approach was 
agreed. 

The sequences were first aligned using the 
CLUSTALW or CLUSTALX, both version 1.8, 
program (Thompson et al. 1994). The transition1 
transversion rates were calc~~lated using the 
PUZZLE32, Version 4.02, program (Striinmer and 
von Haeseler 1996. 1997). 

TTG 3'  ( 1  19-136") Bootstrapping values were calculated using the 
ACL072 (sense). 5' CTC CAG CGA CGG CCG AA modules SEQBOOT (Random number seed: 123: 

3' (72-88") 100 repl~cates), DNADIST (d~stance es~lmatlon. 

Pr.inzel.s rtsed fi ) r .  an~1111fir.crtiorl of' u fi.cr,qniei~t of tllc 
5 '  h'TR of' CSFI': 
CSFV-UP1 (sense): 5 '  CTA GCC ATG CCC WYA 

GTA GG 3' (84- 103 **) 
CSFV-UP2 (antisense): 5'  CAG CTT CAR YGT 

TGA TTG T 3 '  (504486"") 

Maximum Likelihood; analysis of 100 data sets), 
NEIGHBOR (Neighbor-Joining method; outproup: 
Kanagawa; Random number seed: 99; analysis of 
100 data sets) and CONSENSE (outgroup: Kana- 
gawa) of the PHYLIP (Felsenstein 1989) package. 
The phylogenetic trees were computed with the 
DNADIST and NEIGHBOR modules with the same 

S~qrrenc,ing pi.in~~i,.s: parameters. For visualisation and printing of the 
CSFVISQ-1 (sense): 5'  4 G C  TCC CTG GGT GGT trees. the TREEVIEW (Win32), Version 1.5.2. pro- 

CTA 3' (136-153"") gram (Page 1996) was applied. To make the trees 
CSFVISQ-2 (antisense): 5 '  TGT TTG CTT GTG froin all genetic regions con~parable, they were out- 

TTG TAT A 3 '  (408-388**) grouped to the sequence of the Kanagawa isolate. All 



programs used are public domain and can be down- 
loaded from the following World Wide Web sites: 
I'HYLIY package: 
http://evolution.genetics.washington.edu/phylip.html 
CLUS'TALW and CI,USTAI,X (V.  1.8): 
ftp://ftp.ebi.ac.uk/p~~b/software 
(European Bioinfor~natics Institute, UK) 
PUZZIX, Version 4.02: 
http://www.ri.biologiee~~ni-~nuet1chen.de/-stritnmer/ 
puz~le.html 
ftp://ftp.pasteur.frlp~~b/GenSoft 
(Ilistitut Pasteur. France) 
'TREEVIEW: 
http://taxot~omy.~oology.g1a~ac.~1k/rod/treevie~.htnil 

Sequence database 

The above epide~niological data and the sequences 
used for genetic typing were combined in a search- 
able database that is accessible by WWW (Greiser- 
Wilkc et 31. 2000b). The web server in the Institute 
for Virology is a free server I'rorn the Apuc.llc-Scr.~,o.- 
Pr.ojcl~t (http://www.apache.org). The web interface 
was programrned in the pr.crc,tic.crl cs/r-uc,/iorz c111d 
r.rlx)r'titlg llangrlcrgc~ (PERL: http://www.perl.org), a 
standard programming language for generating 
dynamic HTML code in combination with server 
intensive database handling. The web database and 
the database web interface arc run on a PentiurnTM 
based computer powered by the free operating 
system LINUX (http://www.linux.org). For viewing 
the web database. a browser (Netscape or Microsoft 
Internet Explorer), preferably version 4.0 or higher, 
is needed. The design of the pages was optiinised for 
Netscape using a resolution of 1024 (768 pixels. The 
web database is localised on the home page of the 
Institute for Virology, and can be accessed under the 
address: http://viro08.tiho-hannover.de/eg/csf 

Results and Discussion 

Earlicr s t ~ ~ d i e s  sllowed that genetic typing of CSF 
viruses allowed tlietn to be assigned into one of two 
rnain groLIps. denoted groups I and 2 (Lowings et al. 
1996). Group I contained mainly historic isolates 
from Europe and Arnericn, whereas most recent iso- 
lates from Europe were placed in Group 2. Each of 
these groups had additionally been divided into a 
number of sub-groups, namely 1. I ,  1.2, 2. I, 2.2, and 
2.3. Our studies revealed that when the different 
genolnic regions (S'NTR, E2 or NSSB) were used, 
similar viral relationships were observed at the group 
and sub-group level, although there is no clear dis- 
crimination of Groups 1 .  I and 1.2 using the S'NTR 
and NSSB (Bjorklund et al. 1999) sequences. In 

addition, the degree of further discrimination dif- 
fered significantly between regions. The 190 nt 
region at the 5 '  end of the E2 gene and thc 409 nt 
region of the NSSB gene both included areas of con- 
siderable genetic variability and gave good discrimi- 
nation betwecn similar CSFV isolates. The 150 nt 
stretch of the 5' NTR was Inore conserved and gave 
poorer resolution between closely related isolates. 

The standardised protocols were used for con- 
structing a phylogenetic tree from a data set of 
sequences of the E2 gene fragment. Representatives 
of the main European groups. historic and recent 
isolates from Asia and the Americas, as well as the 
Congenital Tremor and Kanagawa viruses, which 
were initially found to be extreniely distinctive 
(Lowings et al. 1996). were included. All European, 
American and some Asian isolates were split into 
Group 1 and Group 2 viruses, but inclusiotl of cer- 
tain Asian and American isolates made it necessary 
to define a new group (Group 3 with four sub- 
groups) and a new sub-group (1.3) within Group 1. 

Europe 

The stnall number of available isolates fro111 the 
period between 1920 and 1970 are all of Group I. 
Most of the isolates from this period are of Sub- 
group I .  I, similar to Alfort 187, which is a reference 
strain widely used in diagnostic serology. An 
example of an early Subgroup 1.2 is the Brescia 
virus from Italy (isolated 1945). Most if not all 
modified live vaccines are also thought to derive 
fro111 Subgroup 1.1 or 1.2 isolates made in this 
period. Since 1970, isolations of type I viruses have 
been very infrequent in Europe, exceptions being a 
Belgian isolate from I989 (isolate Basavelde; 
Vanderhallen and Kocnen 1997) and Ukrainian 
isolates from the 1990s with representatives from 
both Subgroups I. l and 1.2 (Paton ct al. 2000). 

Most of the CSF viruses isolated from outbreaks 
in Europe in thc 1980s and 1990s have beet1 of 
Group 2. The earliest appearance of Group 2.3 
viruses was in Germany in 1982. Subsequently, these 
viruses have been fo~lnd in many different countries, 
up to the present time, including Italy, Sardinia, 
France, Belgiu~n, UK. Austria, Switzerland, 
Hungary, The Czech Republic, Poland, and The 
Slovak Republic. CSF viruses of Types 2.2 and 2.1 
have been more restricted in their distribution. The 
2.2 viruses have been found in Central Europe, in 
Austria, The Czech Rep~lblic. Italy, Germany, 
Romania and I-lungary, in the period from 1985 
onwards. Viruses of both the 2.2. and 2.3 sclbgroup 
have been isolated repeatedly from wild boar in dif- 
ferent parts of Europe (Hofnlann ct al. 1994; Bartak 
and Greiser-Wilke 2000a). 



The 2.1 viruses have been only sporadically 
reported in Europe until their involvement in a recent 
major ep i~oo t i c  in 1907 (Greiser-Wilke et al. 2000a; 
Widjqjoatriiod,io et al. 1999). They have not been 
isolated fro111 European wild boar. The l'irst Euro- 
pean isolate was recorded in Germany in 1989, and 
thereafter in The Netherlands (1992). and Switzer- 
land (1993: Hofniann and Bossy 1998). A 2.1 sub- 
group virus wa:, also discovered as a contaminant of 
wild boar rneat i~iiportcd fro111 China into Austria in 
1993 (Hofniann and Bossy 1998). During 1997 and 
1998. [he virus is believed to have been inlroduced 
from Germany into l 'he Netherlands, wit11 sub- 
sequent spread to Italy, Belgium and Spain. 

Asia 

CSFV isolated at different times in different partscol' 
Asia were found in all the previously defined virus 
groups and subgroups (Lowings et al. 1996). The 
historic isolate Hokkaido from 1966 from Japan is of 
Type I. 1 .  whereas the latel- Osaka isolate (from 
1971) is the earliest available representative of Sub- 
group 2.3. In the 1980s. Subgroup 1. I viruses were 
found in Thailand, and at the same time si~bgroup 1.2 
viruses were found in both Thailand and Malaysia 
(Lowings ct al. 1996: Parchariyanon ct al. 2000). 
Subgroup 2.1 viruses were also found in Malaysia in 
the 1980s. A Subgroup 2.1 virus was isolated from 
wild boar meat imported into Austria from China 
(Hofrilann and Bossy 1998). Subgro~ip  2.2 viruses 
have been found in Thailand in the 1990s. 

In addition. isolates from Malaysia (1980s) and 
Thailand from the 1980s and 1990s gencratcd a new 
cluster within Group I (Subgroup 1.3). The Asian 
isolates from Korea ( 1980s. 1990s). from Thailand 
(199Os), and from Japan ( 1870s. includirig Kana- 
gawa) and 'Taiwan ( 1  9905) formed a new group, dis- 
playing the Subgroups 3.2. 3.3 and 3.4, re\pectively. 
I~iterestingly, it was found that the originally diver- 
gent Congenital Trenior isolate from the U K  (1964) 
formed a cluster (3.1) within this new group (Paton 
et al. 2000, Parchariyanon et a1. 2000). 

l'he Americas 

Only Type 1 viruses have so far been reported kom 
the Americas. Historic isolatcs are only available 
frorn North America and it is notable that the British 
and North Anicrican isolates from the 1940s and 
1950s are similar Type 1 . 1  viruses. Type 1.1 isolatcs 
11~1ve also been identified fro111 B r a d  in [he 1980s 
and from Mexico in the early 1990s. A virus from 
Honduras is rather distantly related to other Type 1 
CSF viruses. Recent outbreaks of CSF  in Cuba have 
been associated with viruses of Subgroup 1.2 ( D i a ~  
de Arcc ct al. 1909; Paton et 31. 2000) 

Conclusion 

The various studies which have been performed 
~ t c e n t l y  clearly show that when standardised pro- 
cedures are used for phylogenetic studies, genetic 
typing is a useful method for aiding and supporting 
cpiderniological findings when new outbreaks occur, 
greatly simplifying the tracing of the spread of the 
disease to other geographic locations. The nomen- 
clature of Lowings et al. (1996) has proved to be 
adequate, but requires revision to accolnrnodate new 
groups and subgroups. While in Europe viruses of 
Sub-groups 1.1, 1.2, 2.1, 2.2 and 2.3 have been 
defined, the additional Asian G r o ~ i p  3 with ~ O L I ~  sub- 
groups, and Subgroup 1.3 will have to be added 
(Palon et al. 2000). 

References 

Bartak, P. and Grciser-W~lke. 1. 2000. Gcnctic typing ot 
CSF viru\ i\olale\ 1'1-om the territory of the C/ech 
Republic. Vet. Microhiol.. clcccptcd for publication. 

Bechcr, P., Orlicl~, M., Shannon, A.D., Horncr, G.. Kiinig, 
M. and 'fhiel. H.-J. 1997. Phylogenetic analysis of pest- 
viruses from donlestic :lnd hild ru~ninants. J .  Gen. 
Vil-ol., 78. 1-10. 

Bjiirklund, H., Lowings, P.. P;tton. I ) . ,  Stade,jek, T., Vilcrk. 
S., Greiscr-Wilkc, 1. and Bel;~k, S. 1999. Phylogenelic 
comp;~i-ison and ~noleculnr cpitle~niolopy of class~cal 
swine level- virus. Virus Genes. 19, 180-195. 

D i a ~  de Arce. H.. Nuner., J.I., Ganges, L., B:~rrer;~s, M., Frius. 
M.T. and Sobl-ino, F. 1999. Molec~ilar epiderrliolopy of 
classical swine lever in  cub;^. Virus Kes. 63. 61-67. 

Fclscnstcin, J. 1089. Phylip: phylogeny inl'el-cncc package 
(version 3 . 5 ~ ) .  Cladistics, 5: 163-160. 

GI-ciscr-Wilkc, 1.. llcpnel-, K.. Fri t~e~iicic~, J.. Haas. L. and 
Moennig, V. 1998. Application of a computer proprani 
1'01- gcnc~ic typing of classical swine fever isolate\ l'ro~n 
Gerrn;uiy. J .  Virol. Meth.. 75: 141-150. 

Greiser-Wilkc. I . .  FritIen~eier. J..  Koenen. F., Vander- 
hallen, H.. Rutili, D., llc Mia, G.-M., Romero. L., 
Sanche7-Vi~cnino, J.M. and San Gabriel, A. 2000a. 
Molecular epidemiology oC a large cla\sical swine fiver 
epitle~liic in the Europe~rn Community in 1997-1998. 
Vet. Microbiol., ncccplcd I'or publication. 

Grciscr-Wilke. I.. Zimmcrn~nnn, K., Frit~cmcier, J . ,  
Floegel. G. and Moennig, V. 2000h. Structure and 
presentation of a database in the World Wide Web of  the 
CSF virus isolatcs held a t  the EU reference lahoratol-y. 
Vet. Microbiol., in press. 

Hara\awo, R. and Giangaspero, M. 1998. A novel ~nclhod 
Ibr pestvirus gcnotyping based on palindronric 
nucleotitic substitutions in the 5'-untl-anslated region. 
J.  Virol. Method\, 70: 225-230. 

Hofinann, M.A. and Bossy, S. I90X. Classical swine fever 
in 1993 in Swit~el-land: molecul:rr-epide~iriologic charac- 
tcrisation ol  the virus isolate. Schweiz. Arch. Tiel-heilkd. 
130, 365-370. 



Hofinonn. M.A.. Brcchtbiihl, K. and Stiiber, N. 1993. Rapid 
charactel-isation of new pestivirus drains hy direct 
xcluencing of PCR-amplified cDNA from the 5 '  non- 
coding rcgion. Arch. Virol., 139: 2 17-2 19. 

Lowings. J.P.. Ihnta. G., Needhnm, J. and Paton, D.J. 1996. 
Cli~s\icaI swine fever virus diversity and evolution. J. 
Gen. Virol., 77: 131 1 1 3 2 1 .  

Page. R.1I.M. 1'196. TREEVIEW: An applicatio~l to display 
phylogenctic trccs on personal computer\. Conlputcr 
Applicatio~ls in thc Bio\cienccs. 12: 357-358. 

Parchnriyanon, S., Il~ui, K.,  lIamrongwatanal>ohi11, S.. 
Lowings. P.. Paton. D. and Pinyochon. W. 2000. 
Seiluence ~rrlaly\i\ 01' E2 plycoprotein gene> of classical 
swine Sever viruws: identillcation of a novel genogroup 
in Thailand. Submitted. 

Paton, D.J., McGoldrick, A,, Greiscr-Wilkc, 1.. Parchirriy- 
anon. S., Song, J.-Y., Liou, P.P., Stadejek. T., Lowings, 
J.P., Ujorklund. H.and Belak. S. 2000. Genetic typing of 
cla\\ical swine Sever virus. Vet. Microbiol., in press. 

Stndc)ck, T.. Warg. J.. Ridpath, J.F. 1996. Comparative 
sequence analy\i\ of the 5'-rloncoding region of classical 
swine fever v i r ~ ~ s  strilins froni Europc. Asia, illid 
America. Arch. Virol., 141: 771--777. 

Stadejek. T., Vilcek. S.. Lowings. J.P.. Hallagl-Pordany, A,. 
I'aton, D.J. and Helak. S. 1997. Genetic heterogeneity ol' 
c l~r\s~cnl  \wine fevcr vir~15 in central E ~ ~ r o p e .  Virus 
Re\earch, 52: 195-203. 

Stri~nlncr, K. and von H;rc\eler. A. 1996. Quell-tct ~ U Z L I ~ I I ~ :  
a ~U;LI-tet  maximum likelihood method Sol- recon\truc~ing 
trcc topologies. Mol. Uiol. Evol.. 13: 964-969. 

Striln~ncr, K. ~ r ~ i d  von Haeseler, A. 1097. Likelihood- 
~lii~ppillg: 21 \imple melhod to vi\ualisc phylogenetic 
content of 3 \ C ~ L I C I I C C  a l ign~l ic~~t .  PNAS (USA), 94: 
68 15-68 10. 

Tho~npson. J.D., Higgins. D.G. and Gibson, T.J. 1991. 
Clu ta l  W: improving the sc~lsitivity of progressive 
multiple sequence alignment I ~ I - ~ L I ~ ~ I  sequellcc 
ueighting. position specific gap penalties and weight 
matrix cllo~cc. Nucleic Acids Res., 22: 36734680 .  

V;underti:~llc~l, H. ant1 Koencn. F. 1997 Molecular charoc- 
tcrisation of classical swinc fevcr virus i\ol;~tcs in 
Belgium since 1088. In: Repo1-t on Annual Mecling of 
N~itional Swine Fever I,aboratorie\, Vienna, Austria. 
16-17 June 1997, Document VI/78X8/97. Co~nmi\siorl 
of the European Communities, 29-32. 

Vilcek, S., Stadejeh, 'I'.. Takacsova, I., Str(?j~ly, L. and 
M(!i/is, M. 1'1'17. Genetic analysis of classic~rl swinc 
fevel- virus isolates from a small geographic ;Irca. 
Deutsche Tieriirztl. Wochen\chrift, 104: 9-12. 

Vilcek. S.. Patori, D., Lowings, P., Rjtirklund, H., 
Neltleton. P. and Kelak. S. 1999. Genetic analysis of 
pcstiviruses at the 3' end of the genome. Viru\ Genes. 
18: 107-1 13. 

Widjqjoat~nodio. M.N.. van Gennip, H.G.P.. dc Smit, A.J. 
and Moor~nann. R.J.M. 1'19'9. Compel-ative wquencc 
analysis of classical swine fcvcr virus i\olatcs I'rom thc 
cpi loot~c in the Nerhcrlands in 1997-1908. Vet. Micro- 
hiol., 66: 291-29'). 



The Family Flaviviridae: A Brief Overview of the Family 
with Particular Reference to Members from the Asian and 

Australasian Regions 

J.S. Mackenziel 

THE: FAMI1.Y Flaviviridae comprises three genera; the 
Flavivirus genus. the Pestivirus genus. and the 
Hepacivirus genus. The v i r ~ ~ s e s  are 40-60 11111 in 
diameter, spherical in shape, and contain a lipid 
envelope. All members of the family have a gcnonie 
composed of a single niolecule of linear positive- 
sense RNA, ranging in sire from about 9.6 kb for 
hepaciviruses, to l l kb for flaviviruses. and 12.3 kb 
for pesriviruses (Heinr et al. 1999). The only viral 
messenger RNA is the genome. and a single open 
reading frame (ORF) codes for a polyprotein that is 
proteolytically cleaved into all the virus-coded pro- 
teins. The structural proteins are located at the s'-end 
of the genome. and the non-structural proteins at the 
.?'-end. The non-structural PI-oteins include pro- 
teases, helicascs, and polymcrases. Virus multipli- 
cation occurs in the cytoplasm in association with 
~llenibranes, and the progeny viruses mature in cyto- 
plasmic vesicles. 

Members of each genus are serologically related 
to each other, but not to members of the other 
genera. The most recent classification of the family 
is provided in the Seventh Report of the International 
Committee on Taxonomy of Viruses (Heinr et al. 
1999). and this is used extensively below. 

The Flavivirus Genus 

The Flavivirus genus comprises more than 70 
members. The type species is yellow fever v i r ~ ~ s  from 
which the genus (and family) name is derived (flavus, 
Latin for 'yellow'). 'The virions are 40-50 nm in 
diameter, and the virion envelope contains a dense 
layer of surface projections about 6 nm in length. The 
genome length varies between 10 976 nt (Japanese 
encephalitis) and 10 488 nt (tick-borne encephalitis 
virus). The gene order is 5'-C-prM-E-NSI-NS2A- 
NS2B-NS3-NS4A-NS4B-NS5-3'. Details of the 
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structure and replication of flaviviruses have been 
reviewed by Rice (1996) and Monath and Heinr. 
( 1996). 

Most llaviviruses are arboviruses, trans~uitted by 
arthropod vectors, usually either mosquitoes or ticks. 
Viruses replicate in susceptible species of vertebrates 
and arthropods, usually as alternate hosts. A few 
viruses have no known vector species. There are 
approximately 39 mosquito-borne ~nenibers of' the 
genus, 13 tick-borne members. and 17 with no 
known vector. 'The major criteria for determining the 
groupings of species and members within the genus 
are n~~cleot ide  and deduced amino acid sequence 
data. antigenic relationships, vector association and 
geographic incidence. Thus the mosquito-borne 
viruses have been grouped into seven groups: the 
Aroa virus group with four members, the Japanese 
encephalitis virus group with 10 members, the Ntaya 
virus group with six members, the Kokobera virus 
g r o ~ ~ p  with two members, the Dengue virus group 
with five members, the Spondweni virus group with 
two mcn~bers,  and the yellow fever virus group with 
10 members (Heinz er al. 1999). Some n~embers  arc 
defined as subspecies ( e . ~  Kunjin virus as a s ~ ~ b -  
species of West Nile virus, and Alfuy v i r ~ ~ s  as a 
subspecies of Murray Valley encephalitis virus), 
although the interpretation of the criteria for 
assigning a species level, and the definition of what 
constitutes a subspecies. inay be controversial. Of 
the tick-borne viruses, two virus groups have been 
recognised: the Mammalian tick-borne virus group 
and the Seabird tick-borne v i r ~ ~ s  group. Perhaps a 
more useful indication of relationships between 
flaviviruses can be obtained from phylogenetic 
studies which tend to agree with antigenic and 
vector-host relationships (e.g. Kuno et al. 1998; 
Poidinger ct al. 1996; de Zanotto et  al. 1996). Two 
additional viruses are listed as tentative species in 
the genus: Tamana bat virus and Cell fusing agent 
virus. The latter has often been used as an out-group 
in phylogenetic studies. 



The 1no5t Important mosqu~to-borne vlruws are 
yellow fever virus which is found in west, central 
and east Africa and tropical South America, 
Japanese encephalitis (JE) which is found in east, 
southeast and southern Asia. and dengue viruses 
which are found throughout much of the tropical and 
subtropical regions of the world. In addition, West 
Nile virus has been of increasing itmportance with 
recent outbreaks in Algeria ( 1995). Romania ( 1996) 
and, most recently. in the New World in New York 
and Connecticut ( 1  999). 

The Pestivirus Genus 

The Pestivirus genus contains four members (Thiel 
et al. 1996); Classical swine fever virus (or hog 
cholera virus), border disease virus (Nettleton et al. 
I998), bovine viral diarrhoea virus 1 and bovine 
viral diarrhoea virus 2 (Baker 1995; Bielefeldt- 
Ohmann 1995). The type species is bovine viral 
diarrhoea virus I .  The virions are 40-60 nm in 
diameter, and the virion envelope has 10 to 12 nm 
ring-like subunits on its surface. Co~npared to the 
other genera. pestiviruses encode two unique gene 
products: a non-structural protein, Ni"'", as the first 
protein of the open reading frame (ORF) which 
possesses an autoproteolytic activity responsible for 
its release from the nascent polyprotein; and a viral 
glycoprotein. En", which possesses intrinsic RNase 
activity. The virions are cotnposed of four structural 
proteins: a basic nucleocapsid protein, C, and three 
envelope glycoprotein\, E"", E l  and E2. The 
genome is approximately 12.3 kb in size and consists 
of a single large ORF encoding a polyprotein of 
about 4000 amino acids. The gene order is 5'-NPro- 
C-Ern'-El- E2- p7- NS2- 3(NS2- NS3)- NS4A- 
NS4B-NSSA-NSSB-3'. The inclusion of NS2-NS3 
in parentheses is because in noncytopathogenic 
bovine viral diarrhoea viruses NS2-3 is not cleaved, 
whereas in cytopathogenic viruses, NS3 is produced 
in addition to NS2-3. Molecular aspects of pestivi- 
ruses, including replication, are described in detail 
elsewhere (Thiel et al. 1996; Meyers and Thiel 1996; 
Donis 1995; Harasawa and Giangaspero 1998; Van 
Rijn et al. 1997). 

Pestiviruses infect pigs and wild and domestic 
ruminants. Transmission occurs by direct or indirect 
contact through nasal secretions, urine and contami- 
nated food. Congenital transmission occurs readily. 
Transmission may cross species between ruminants 
and between ruminants and pigs. The pathogenesis is 
complex, and infections can lead to a wide spectrum 
of clinical manifestations (Bielefeldt-Ohmann 1995; 
Thiel et al. 1996; Tautz et al. 1998). The patho- 
genesis and clinical aspects of classical swine fever 

are dealt with elsewhere in these Proceedings 
(Depner, these Proceedings). 

Pestiviruses have a worldwide distribution. Thus, 
border disease virus is found in most countries where 
sheep production occurs (Loken 1995), bovine viral 
diarrhoea virus appears to be widespread in all 
cattle-raising countries (Houe 1995), and classical 
swine fever is found in South and Central America, 
Africa, much of Asia, and parts of Europe. The 
European Union is generally free of classical swine 
fever in corn~nercial piggeries, but re-infections can 
occur from wild pigs. Molecular epidemiological and 
phylogenetic studies with pestiviruses have clearly 
defined their genetic relatio~iships, demonstrating the 
occurrence of different genotypes, and have provided 
the tools to determine the source and spread of 
epidemic activity (e.g. Lowings et al. 1996; Bechcr 
et al. 1997; Becher et al. 1999: Greiser-Wilke and 
Paton, these Proceedings). 

The Hepacivirus Genus 

The Hepacivirus genus contains a single species, 
Ilr~pafitis C virus, which occurs in six genotypic 
clusters (genotypes 1-6), each differing from the 
other by 25-35% nucleotide divergence (Heinz et al. 
1999). Thc virions are 50 nm in diameter, and have a 
spherical core about 30 nm in diameter. The genome 
is about 9.6 kb in length and contains a single large 
ORF encoding a polyprotein of about 3000 amino 
acids. The gene order is 5'-C-EI-EZ-p7-NS2-NS3- 
NS4A-NS4B-NSSA-NSSB-3'. Hepaciviruses differ 
from the other two genera in that they are unable to 
replicate efficiently in cell culture, and although 
some replication has been reported in cell lines 
derived from hepatocytes and lymphocytes, it has 
not been sufficient for further studies. 

Human beings are the only natural host of 
hepatitis C virus. Transmission is aln~ost exclusively 
by parenteral exposure to contaminated blooci and 
blood products. There is no evidence to implicate an 
invertebrate vector. Hepatitis C has a worldwide dis- 
tribution. Overall, it has been estimated that about 
3% of the world population has been infected with 
hepatitis C, resulting in the chronic infection of 
about 170 million individuals (Heinz et al. 1999). 
Sero-epidemiological studies suggest that 0.1-2% of 
the populations of developed countries may be 
infected with hepatitis C, but an antibody prevalence 
of up to 20% has been reported from developing 
countries. 

Extensive molecular epidemiological and phylo- 
genetic studies have been carried out with hepatitis C 
virus isolates, and at least 6 genotypes have been 
recognised, each differing by 25-35% at the 
nucleotide level. The 6 genotypes can be further 



divided into over I00 subtypes which differ by 15- 
25% at the nucleotide level. although there is a con- 
siderable overlap in the degree of heterogeneity 
(Heinz et al. 1999). Some significant differences in 
geographic distribution of genotypes and subtypes 
have been recognised. 

Three distinct groups of viruses have also been 
tentatively assigned to the family Flaviviridae and 
probably to the genus Hepacivirus, on the basis of 
their genorr~ic organisation and genetic similarity to 
recognised members of the family. These are G B  
virus A and GBV-A-like viruses, which have been 
reported fro111 at least six species of New World 
monkeys; GB virus B, which was rccovered from a 
taniarin monkey but with a passage history which 
suggests that it may have been of hurnan origin; and 
GB virus C (Hepatitis G)  which is a virus of human 
origin. All three are transmitted via blood and blood 
products. GB virus A does not appear to cause hepa- 
titis in its host of origin or in other susceptible hosts; 
GB virus B causes hepatitis in several species of New 
World ~nonkeys: and the pathogenicity and site of 
replicalion of GR virus C remain controversial. 
Recent work reported from Taiwan indicates that GB 
viru\ CAiepatitis G may not be associated with 
clinical disease, and that liver and blood ~ n o n o n ~ ~ c l e a r  
cells are not the ~na jo r  sites for v i r ~ ~ s  replication (Kao 
and Chen 1999). All three v i r ~ ~ s e s  most closely 
resemble Hepatitis C in genomic organisation, 
although G B  virus A appears to lack a complete 
capsid protein gene. 

Members of the Flaviviridae in Eastern, 
Southeastern and Southern Asia and 

Australasia 

A dixussion of the incidence and geographic distri- 
butioii of members of the family Flaviviridae in the 
Asian-Pacific rcgion is. if only by weight of numbers 
and differing ecology, largely one of members of the 
genus Flaviviri~s. Members of the other two genera, 
while widespread in the region. do not differ 
~narkedlp to incidences in the regions of the globe, 
except in specific genotypes or because of specific 
control measures. An additional reason for placing 
emphasis on the Flavivirus genus is the problem of 
serological diagnosis in the Asian and Australasian 
regions. Seroepide~niological studies for evidence of 
past tlavivirus infection are extremely diffici~lt to 
interpret where there has been more than one 
sequential i~ifection, and indeed in rnany areas where 
people or ani~nals have been cxposed to a nurnber of 
different flaviviruses over tirnc, it is usually 
inlpossible to distinguish the different viruses. These 
problems are no1 conrined to exposure to different 

members of the same serological group, such as the 
JE serological group, but represent a much wider 
problem encompassing all tlaviviruses. Thus it is 
also important to be aware of other members of the 
genus which are known to occur in the Asian and 
Australasian regions. 

Flaviviruses 

The most important tlaviviruses found in eastern, 
southeastern and southern Asia and Australasia are 
JE virus and the dcngue viruses. JE virus is a 
member of the JE serological co~nplcx of flavi- 
viruses which comprises 10 antigenically related 
me~iibers: JE virus itself, Murray Valley encephalitis 
(MVE), Kunjin (KUN), West Nile (WN), Alfuy 
(ALF), St Louis encephalitis (SLE), Koutango 
(KOU), Usutu (USU), Cacipacore (CPC) and 
Yaounde (YAO) viruses (Monath and Heinz 1996; 
Heint. et al. 1999). JE virus, which is respo~isible for 
approximately 45 000 cases and more than 10 000 
deaths annually. is found in eastern and southern 
Asia (Umenai et al. 1985; Burke and Leake 1988; 
Vaughn and Hoke 1992). with geographic distri- 
bution from Japan, Korea and maritinie Siberia in the 
north. through China, to the Philippines in the east, 
and through southeastern and southern Asia to Indo- 
nesia, India and Sri Lanka. In recent years, JE has 
spread westwards into Pakistan in I994 (Igarashi et 
al. 1994), into Kerala State in southwestern India in 
I996 (Dhanda et al. 1997). and eastwards into the 
Australasian region in 1995 and 1998 (Hanna et  al. 
1996; Ritchie et al. 1997; Johansen et al. 1998; 
Hanna el al. 1999: Mackenzie 1999). Much of the 
spread in Asia is bclievcd to be due to deforestation 
for increased agriculture, and changes in land use 
with the huge increase in rice fields and irrigated 
agriculture. The major vertebrate hoats for JE virus 
are pigs and ardeid birds, with pigs playing a central 
role in virus amplification. The disease in pigs is 
relatively minor; transplacental transmission of JE 
virus is well established, leading to foetal encepha- 
litis. abortion and stillbirth (e.g. Takashima et al. 
1988). JE virus also causes hyposper~nia and 
asper~nia in boars (Habu et al. 1977). JE virus docs 
not cause disease in birds. A nurnber of mosquito 
species have been shown to be competent for trans- 
mitting JE, the rnost important species being CL/~C,\- 
r ~ ~ i t c ~ c ~ n i o ~ ~ l l j ~ ~ c ~ l ~ m . ~ ,  Cr gcliclns, and C.3- ~~ishr?rri. 

MVE, KUN, and ALF viruses are Australasian 
menibers of the JE serological complex. MVE virus 
is the cause of Australian encephalitis and is the 
niosl i~nportarlt Australasian member of the com- 
plex; KUN virus can also cause encephalitis, Kunjin 
encephalitis, but although the disease is generally 
milder than that caused by MVE virus, it can also 



cause a febrile illness, sometimes with polyarthralgia 
and polyarthritis; ALF virus has not been reliably 
associated with human disease at this time (reviewed 
by Mackenzie et al. 1994a, b). There is evidence 
from isolations, human infections, and serology that 
MVE virus is found in Papua New Guinea (PNG) 
and probably elsewhere in the eastern Indonesian 
archipelago. KUN virus is also in PNG and parts of 
the Indonesian archipelago. Until the 1995 JE virus 
outbreak in the Torres Strait, and without good 
scientific reasons, the south-eastern limit of JE virus 
was believed to be restricted to the north and west of 
the Wallace Line, an imaginary line running between 
Bali and Lombok and separating the Oriental and 
Australasian zoogeographic regions, whereas MVE 
virus was believed to be restricted to the south and 
east of the line (Marshall 1988; Mackenzie et a]. 
1997). 

Of the other members of the serological complex, 
WN and SLE viruses are major human pathogens. 
WN virus is found principally in Africa, Middle 
East, western Asia, and southeni Europe. It spread to 
the New World in September 1999, causing a large 
epizootic in crows and other avian species, and a 
number of human infections. Major human epi- 
de~iiics have been reported in recent years in Algeria 
(1995) and Romania (1996), and an epidemic was 
reported in horses in Italy (1998). It is important to 
this discussion because it sharcs a close antigenic 
and genetic relationship with KUN virus, and 
becausc its geographic range overlaps with that of JE 
virus in India and Pakistan. It is also interesting to 
note that both WN and KUN viruses have been 
isolated in Sarawak-Borneo, the former from a wild 
bird (Karabatsos 1985) and the latter from CI\-. 
pscrrdo~.i.slrnrri mosquitoes (Bowen et al. 1970). and 
i t  thus must occur occasionally in soutlicastern Asia. 
SLE virus is found only in parts of North. Central 
and South America, causing major outbreaks of 
human disease every five to 15 years in North 
America. and endemic trunsrnission with sporadic 
cases in intervening years (Monath and Heinz 1996). 
Finally, three members of the serological complex 
arc found only in Africa. KOU, USU and YAO 
viruses. but their involvement in human disease is a 
little uncertain although KOU virus has been isolated 
from patients with fever, headache, joint pains and 
rash, and with lJSU virus froni a patient presenting 
with fever and rash (Annual Reports, Centre Collab- 
orateur O M S de Reference et de Recherche pour les 
Arbovirus el les Virus de Fievres Hernorragiq~~es, 
Institut Pasteur, Sengal). Onc virus, CPC virus. has 
been isolated in Brazil but has not been associated 
with human disease (Figuciredo et al. 1998). 

The four dengue vlruses, types 1 4 ,  form a 
separate, closely related serological group. They are 

responsible for two distinct disease entities, a 
primary infection leading to dengue fever. and a 
second disease known as dengue haemorrhagic fever 
(DHF) which, in most instances, is the result of a 
subsequent infection with another dengue type. 
Dengue has become a major international public 
health concern: it is found predominately in urban 
and peri-urban areas of tropical and subtropical 
regions. DHF, a potentially lethal complication, was 
first recognised during the 1950s and is today a 
leading cause of childhood mortality in several Asian 
countries. Recovery froni infection by one sero- 
logical type provides lifelong immunity against that 
type but confers only partial and transient protection 
against subsequent infection by the other three. 
Indeed, there is good evidence that sequential infec- 
tion increases the risk of more serious disease 
resulting in DHF. The global prevalence of dengue 
has grown dramatically in recent decades. The 
disease is now endemic in more than 100 countries 
in Africa, the Americas, the Eastern Mediterranean, 
Southeast Asia and the Western Pacific. Southeast 
Asia and the Western Pacific are most seriously 
affected. Before 1970, only nine countries had 
experienced DHF epidemics. a number which had 
increased more than fourfold by 1995. Some 2500 
million people-two-fifths of the world's POPLI- 

lation-are now at risk froni dengue. WHO currently 
estimates there may be 50 million cases of dengue 
infection worldwide every year. The epideniiological 
features of dengue and DHF are described in detail 
by Halstead (1997). 

Four other mosquito-borne viruses have been 
found in Southeastern Asia: Tembusu, Zika, 
Wcsselsbron and Jugra viruses. Tenlbusu virus was 
first described in 1957 froin Kuala Lumpur, 
Malaysia. where it had bcen isolated from C~i1c.v 
/r-itranior.hyr~(~/~r~.s, C,Y gc4idrts, Actlcs lir~t~rcrtopcr~l~is, 
and Anopl7c~lr.s pl~ilippinc~r~si,~ (cited in Karabatsos 
1985). It was subsequently isolated in Thailand frorn 
C.r gclirlris, C'.v tr~itacrrior~h~ri~~Ir~~.s, C.x i'i.slrt~rri. and C.1- 
siticr~s (P.K. Russell, pers. comm. in Karabatsos 
1985: Leake et al. 1986) and in Sarawak frorn C.Y. 
gclid~is, Ci-. p.sc~rldo\~isl7rrrli, and C.4.. trituct~ior~l~yt~- 
c~1lrr.s (Simpson et al. 1970; Platt et al. 1975). 
Ternbusu virus has not been associated with human 
disease, but neutralising antibody to the virus has 
been reported in human sera frorn Kuala Lumpur 
indicating the occurrence of asymptomatic infections 
(Karabatsos 1985) and in Lombok, Indonesia (Olson 
et al. 1983). Zika v i r ~ ~ s  is a relatively common virus 
throughout most of Africa, and has been associated 
with human disease consisting of fever with head- 
ache and rash (Karabatsos 1985). In Asia, Zika virus 
has been isolated from Ac~dcs aegypti ~nosquitoes in 
Malaysia (Marchette et al. 1969), and implicated as a 



cause of fever in patients in Central Java (Olson et 
al. 1981). Neutralising antibodies were found in 
human sera collected in Lombok (Olson et al. 1983). 
In addition, neutralising antibodies have been 
reported in human sera from India, Malaysia, Indo- 
nesia (Kalimantan), Philippines, Vietnam and 
Thailand (Karabatsos 1985). Wesselsbron virus, an 
important viral disease of livestock in Africa causing 
abortion in sheep and cattle, has been isolated in 
Thailand (T. Yuill and P.K. Russell. pers. comm. to 
Olson et al. 1981). Jugra virus was isolated in 
Malaysia from Aedcs spp. and Ur.ur~olucnuia spp. of 
mosquitoes, and from the blood of the fruit bat. 
Cyt~optu~ix  hr.ac,hyotis. 

In Australasia, the other mosquito-borne flavi- 
viruses are Edge Hill and Sepik viruses, which have 
recently been reclassified into the yellow fever virus 
group, and Kokobera and Stratford viruses, which 
have been reclassified from the JE serological coni- 
plex into a small group of their own. Edge Hill virus 
has been isolated from a range of n~osquitoes trapped 
in north Queensland, New South Wales, and Western 
Australia, including Cx. ur~nlilir.osrl-is, Ar. ii,qilu,r, 
Ae. no/.n~cmerr.sis, Ar. hanc,r.(vtiurlll.s, An. unlic,fu.s, 
and Corl~iill~tridiu 1inr~ali.s (reviewed in Mackenzie et 
al. 1994a; Russell 1995). The major vertebrate hosts 
are believed to be marsupials. A seroepidemiological 
study in New South Wales has suggested that occa- 
sional human infections occur (Hawkes et al. 1985), 
and there has been one unconfirmed report impli- 
cating Edge Hill virus as the possible aetiological 
agent in a patient presenting with arthralgia, myalgia, 
and fatigue (Aaskov et al. 1993). Sepik virus was 
isolated from Mansorlia . s e ~ ~ / c n ~ ~ ~ u r ~ c t a t a ,  Fic.ulhicr 
fla~~c~tls,  Fic,alhiu spp., and Al-n~igc~r.es spp. trapped in 
the Sepik district of PNG (Woodroofe and Marshall 
197 1; Karabatsos 1985). High neutralising antibody 
titres in the convalescent serum of a New Guinea 
patient hospitalised with a febrile disease makes it a 
suspected human pathogen (Woodroofe and 
Marshall 1971). In addition, from its close antigenic 
relationship to Wesselsbron virus and from seroepi- 
demiological studies on Lombok, there is a sugges- 
tion that it might infect livestock. Kokobera and 
Stratford viruses are relatively widespread in Aus- 
tralia, and Kokobera virus has also been isolated 
from PNG. Kokobera virus has been shown to 
occasionally cause polyarticular disease, but STR 
virus has only been associated with subclinical 
human infections on serological grounds (reviewed 
by Mackenzie et al. 1994a). 

Tick-borne encephalitis viruses are a major 
problem in some parts of Asia, particularly central 
and northern Asia, and may be a potential problem in 
other areas. These include members of the mam- 
malian tick-borne virus group, such as Russian 

spring-summer encephalitis virus, Kyasanur Forest 
virus, Omsk haernonhagic fever virus and Negishi 
virus. Other tick-borne flavivi~~ses are less well 
characterised, such as Langat virus, although still 
classiried in the mammalian group. Tick-borne 
encephalitis is widespread in China and in eastern 
Siberia. In India, Kyasanur Forest disease virus is the 
major tick-borne virus, hut is restricted to Karnataka 
State. It is a prostrating human febrile disease with 
haeniorrhagic and encephalitic manifestations and a 
case fatality rate of between 5% and 10% (Rodrigues 
1988). Negishi virus was first isolated from the CSF 
of a fatal case of encephalitis in Tokyo in 1948. 
There was a second fatal case from Tokyo shortly 
after, and human cases have been recognised in 
China (Monath and Heinz 1996). Negishi virus is 
most closely related to Louping i l l  virus (Venugopal 
et al. 1992). There have also been recent examples of 
tick-borne viruses spreading in or from the Asian 
region. Thus a case of tick-borne encephalitis was 
observed in Hokkaido, Japan, in 1993, and virus was 
isolated from the blood of sentinel dogs. A sero- 
logical survey indicated that the virus was prevalent 
in the area (Takashima et al. 1997). Subsequently, 
virus was also isolated from 1-t-odes o ~ ~ ~ t u s  ticks 
collected from the same area (Takeda ct al. 1998). 
More recently, 10 human cases of infection with a 
tlavivirus related to Kyasanur Forest disease were 
reported from Saudi Arabia, two of whom died (Zaki 
1997). Eight of the 10 patients were working with 
sheep, which have been the vertebrate hosl and 
source of the infected ticks. There has been a report 
of the isolation of Langat virus from Haen~aphy.sulis 
papuana Thorell in Thailand, but the relevance of 
this to human or animal disease in Southeast Asia 
remains to be determined (Bancroft et al. 1976). 'Two 
Australian tick-borne flaviviruses have been isolated 
from ticks removed from seabirds or obtained from 
nests, Saniaurez Reef and Gadgets Gully viruses. 
The former is a member of the seabird tick-borne 
virus group, and the latter is a member of the niam- 
malian group. Neither virus has been associated with 
disease in humans or animals. 

Finally, there are at least three flaviviruses 
reported from Eastern and South-Eastern Asia with 
no known vector (Heinz et al. 1999). These include 
Apoi virus from Japan, Carey Island virus from 
Malaysia, and Phnom Penh bat virus from Malaysia 
and Cambodia (Karabatsos 1985). Apoi virus is a 
rodent virus and a member of the Medoc virus group 
and has only been found on the island of Hokkaido, 
Japan, but has been associated with human disease 
causing CNS symptoms and leg paralysis. Carey 
Island virus has been isolated from two species of 
fruit bat, Muc~r~og1o.s.sii.s 1agoc~hilm.s and Cynoptrr.us 
hr.uc~hyoti.s, in Peninsula Malaysia, but has not been 



associated with disease. Phnom Penh bat virus has 
been isolated from unspecified bats from Cambodia, 
and from Cyti'opterus hr.trc.1i'yoti.s and Eonyc.tcri.s 
S/J (~ /UCU bats in Malaysia. I t  has also not been associ- 
ated with human disease (Karabatsos 1985). Both 
Carey Island and Phnorn Penh bat viruses are species 
in the Rio Bravo virus group (Heinz et  al. 1999). 

Pestiviruses 

The distribution of bovine viral diarrhoea is wide- 
spread throughout the Asian and Australasian 
regions in cattle and buffalo. In Australia, isolation 
from cattle is comnion in most parts of the country, 
but very rare from sheep (P.D. Kirkland, pers. 
co~nm.).  l 'he  distribution of border disease virus, 
however, is less well defined, although it has been 
reported from sheep in Australia, New Zealand, and 
India. In Australia, it is found relatively infrequently 
(P.D. Kirkland, pers. comni.). Classical swine fever 
virus is widely distributed througlio~~t Asia, as indi- 
cated from the country presentations in these Pro- 
ceedings, but Australia and New Zealand have been 
kept free through a policy of quarantine and, when 
necessary, slaughter of infected animals in outbreak 
situations. The virus has only recently been intro- 
duced to Indonesia, but is not present in PNG 
(P. Daniels, pers. comni.). l'he genotypes of classical 
swine fever virus and their occurrence in Asia are 
described by Greiser-Wilke and Paton, in this 
volume. and by Paton et al. (2000). All of the major 
genotypes or subtypes have been identified in dif- 
ferent parts of Asia at different times. 

Hepaciviruses 

Hepatitis C virus is widely distributed throughout the 
Asian and Australasian regions, as indeed it is 
globally. The frequency of infections and the geo- 
graphic distribution of the different genotypes and 
subtypes vary considerably between different 
regional counties i r i  the eastern and southeastern 
Asian region. and also between population or patient 
groups within countries (e.g. Liu et  al. 1992; 
Dusheiko et 31. 1994; McOmish et  al. 1994; Tokita et 
al. 1994; Sugiyanla et al. 1995; Tokita et al. 1995; 
Prescott et al. 1996: Tokita et al. 1996; Greene et al. 
1995; Mellor et al. 1995; Simmonds el al. 1996; 
Hotta et al. 1997; Kanista~ion et al. 1997). Thus sub- 
type Ib, which has a relatively high prevalence in 
Europe. also predominates in much of eastern and 
southeastern Asia, whereas subtype 3a. which ia a 
major subtype in UK and Germany. is only found 
co~nmonly in Thailand, and ~iowherc else in Asia. 
Similarly. subtype la ,  which is a major subtype in 
the United States, is com~nonly found in the 

Ph~lippines, but much less frequently in other parts 
of Asia. Two unique subtypes, Id and 3g, have been 
observed in Indonesia. and genotype 6 group 
variants have been described in Thailand, Vietnam 
and Hong Kong. Genotypes 4 and 5 are found only 
very rarely in Southeastern Asia. 

Studies of the prevalence of GB virus Ckepatitis 
G in countries in southeastern Asia have found it to 
be low in the norrnal population in the Philippines, 
Sri Lanka (Ross et  al. 1998a),Vietnam (Kakumu et 
a]. 1998), Lao People's Democratic R e p ~ ~ b l i c  
(Bounlu et al. 1998). Thailand (Katayama et al. 
1997), Bhutan, and Malaysia (Ross et al. 1998b). 
However, a significantly higher incidence has been 
found in high risk groups, such as intravenous drug 
users, patients on haemodialysis, recipients of kidney 
transplants, and patients with chronic liver disease. 
111 addition, infection is often associated with con- 
current hepatitis B or C virus infections, although co- 
infection did not appear to aggravate disease 
(Katayama et al. 1997; Poovorawan et al. 1997; 
Raengsakulrach et al. 1997; Kaku~nu et al. 1998). 
Genetic studies havc demonstrated two Asian 
genetic variants, group 3 and group 4 (e.g. Kakumu 
et al. 1998; Wong et  al. 1999: Naito et  al. 1999). 
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Genetic Characterisation of Classical Swine Fever Viruses 
from Lao PDR Collected during 1997 and 1998 

S.D. Blackselll 

Classical \wine i'cvcr (CSF). a severe and econo~nically i~nportant discase of pigs in Asia and 
Europe, is an important constraint to the future development of pig productio~i in Lao PDR. Few 
Asian isolates of CFS have been illcludcd in the overall analysis of CSFV mo1ecula1- phylo- 
genetics. This paper analyses a nu~iibcr of isolates collected it1 La0 PDR during 1997 and 1998. 
Results arc presented and discus\cd. 

THE LAO People's Democratic Republic (Lao PDR) 
is a laridlocked country bordered by Thailand, 
Vietnam, Myanmar, PR China and Cambodia. Lao 
PDR has a population of approximately four million 
people of which 64% of families are involved in pig- 
raising activities. Pork co~nprises approxirnr&ly 
25% of meat consumption in Lao PDR. 

Classical swine fever virus (CSFV), genus: Pesti- 
virus, family: Flavivirus, is the aetiological agent of 
classical swine fever (CSF), a severe and econo~ni- 
cally irnportant discase of pigs in Asia and Europe. 
In Lao PDR, CSF is reported to be an important con- 
straint to the future development of pig production. 
Little information is known of the epidcrniology of 
CSF in Lao PDR or characteristics of local virus 
strains. To date. there have been numerous reports of 
antigenic and genetic characterisation of CSFV 
primarily from European and historical American 
isolates with few Asian isolates included in the 
overall analysis of CSFV molecular phylogcnetics. 

This paper analyses a 190 base pair (bp) region of 
the E2 gerie of a n ~ ~ r n b e r  of isolates collected in Lao 
PDR during 1997 and 1998. These nucleotide 
sequences were further cornpared with previously 
published nucleotide sequences of European and 
Asian isolates to dcterrninc their genotype 
designation. 

' ACIAR project PN94.78, Depart~rient of Livestock and 
Fishcrie\. Mi~i~stry of Agriculture and Forestry, Lao PDR. 
Telephone: +856 2 1 2 18367. Email: \tunrt.blacksell@dah. 
csil-o.au 

Materials and Methods 

Samples were submitted for routine CSFV diagnosis 
to the ACIAR project laboratory in Vientiane by dis- 
trict and provincial veterinary officers. Geographical 
and additional sample collection information is 
presented in Table I and Figure I .  Samples were 
assessed by CSF antigen-capture ELISA (Shannon ct 
al. 1993) with local modifications, and CSFV- 
positive sarnples were stored at ~ii inus 8 0 ° C  
awaiting further processing. 

RNA extraction 

Two different RNA extraction procedures were 
employed: (a) phenol-chloroform. and (b) TRlzolB 
(Life Technologies). The phenol-chloroform RNA 
extraclion method employed was based on that 
described by Vilcck et al. (1994) with local 
modifications. 

The rncthodology for RNA extractioli using 
TRIzolB reagent was essentially the same as that 
described by the manufacturer with some minor 
rnodil'ications (Christian Mittlehozer, pers. comm.). 
Briefly, spleen tissue was homogenised in a 1% NP- 
40lPBSA solution to give a final 20%) (wlv) solution 
and incubated at 25 "C for one hour. The homo- 
genate was clarified, transferred to a new microfuge 
t ~ ~ b e  and 750 pL of TRlzolO reagent added and 
incubated at room temperature followed by the 
addition of 200 ~ L L  of chloroform and centrifuged. 
The RNA was precipitated by the addition of 500 p L  
of isopropanol to 450 p L  of the aqueous phase 



Table I. Vil-u\ iwlation and genotype designation information for the CSF viruses co~npared in this sludy. 

I\oldte 
- - -  

CSF0307 
CSF0306 
CSF0905 
CSF0173 
CSF0305 
CSFOO 14 
CSFO062 
CSF0074 
CSF0906 
CSF0007 
CSF0008 
CSFOOX4 
CSFOl06 
CSFOl3O 
CSF0171 
CSF030') 

Month 
- - - - -  

NA 
NA 
NA 
N A 
N A 
NA 
NA 
N A 
N A 
N A 
N A 
NA 
N 4  
NA 
N A 
NA 
December 
February 
Md~ch 
M d r ~ h  
Mdy 
Ma) 
July 
July 
Augu\t 
-- - -- - - - 

Year 
- 

1987 
1986 
1945 
NA 
19x6 
1989 
1990 
1990 
1977 
1984 
I984 
1 992 
1994 
1997 
1996 
1974 
1997 
1998 
1998 
I998 
1908 
1998 
1098 
1998 
1998 
- - - -  

inc~~bated at room temperature for 15 minutes and 
centrifuged at 12 000 r/min at 4 "C for 15 minutes. 
The RNA pellet was washed 80% (v/v) ethanol/ 
water and resuspended in 25 pL of DEPC-treated 
water and stored at minus 85 ('C until required. 

Description of oligonucleotide primers 

Primers were based on those described by Lowings 
et al. (1996) with minor modifications (P. Lowings, 
pers. comm.) to amplify an expected product sire of 
271 bp of the 5' end of the CSFV E2 gene. The 
prlnier secluenceb were: 

forward prlmer - 5' TCR WCA ACC AAY 
GAG ATA GGG 3' 

reverse prlmer - 5' CAC AGY CCR AAY CCR 
AAG TCA 1C '3'. 

KT-PCR protocols 

Complimentary DNA (cDNA) was prepared by 
niixing the sample RNA and forward primer, incu- 
bated at I00 "C fcw 60 seconds then immediately 
placed at -20 "C for 5 minutes. During the incuba- 
tion, the following cDNA synthesis mixture con- 
taining 8 units of RNasin (Promega), dNTPs 
(Promega), 4 pL of 5 x reverse transcription reaction 
buffer (Promega) and AMV reverye transcrlptase was 
prepared and added to RNA/pr~mer preparation. 
Water was added to a f~nal  volume of 20 yL and 

- 

Province 
- - 

NA 
N A 
Brcscia 
NA 
N A 
NA 
NA 
NA 
N A 
NA 
NA 
NA 
NA 
NA 
N A 
Kanapawa 
Champassak 
Kharnmouane 
Charnpassak 
Chanipassak 
Phongsaly 
Vientiane Municipality 
Rokeo 
Savanakhet 
Khammouane 
- - - - - - - - 

Country 

Bra~i l  
Malaysia 
Italy 
Slovakia 
Malaysia 
Germany 
Gennany 
Austria 
Netherlands 
Gemiany 
Gem- any 
Germany 
Gel-many 
Switzerland 
Gcrniany 
Japan 
Lao PIIR 
Lao PDR 
Lao PDR 
Lao PDR 
Lao PDR 
Lao PI>R 
Lao PDR 
Lao PDR 
Lao PDR 

- - -- - ~- 

Genotype 
- - 

1.1 
1.2 
1. I 
1.1 
2.1 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
5 

i~nrnediately placed at 42 ('C for I hour for reverse 
transcription followed by 75 OC for 5 minutes to inac- 
tivate the reverse transcriptase and stored at -85 "C. 

The amplification of DNA was carried out in a 
total reaction mixture of 25 pL that contained 
cDNA, dNTP, forward and reverse primers, 2.5 pL 
of 10 x polymerase-specific reaction buffer, MgCI2, 
Tl~cr.rnus uq~~atic,lrs (Taq) DNA polymerase and 
water. The reaction mixture was subjected to 35 
cycles of 95 "C for I minute, 55 "C for 1 minute, 
72 OC for 1 minute followed by a final extension of 
72 "C for 5 n~inutes. All PCR reactions were over- 
layed with 25 ,LLL of mineral oil (Promega) to prevent 
evaporation during thermal cycling but RT reactions 
were not overlayed. 

To assess samples at the completion of the RT- 
PCR protocols, 5 yL of sample was mixed with a 5 x 
loading buffer (Biorad, USA) and loaded into a 2% 
agarose gel containing ethidium bromide (0.5 pg/mL) 
in 40 mM Tris-Acetate, 1 mM EDTA (TAE) buffer 
and subject to electrophoresis at I00 volts for 60 min- 
utes. DNA amplicons were v~sualised by sub,jecting 
the agarose gel to ultraviolet transillurnination. 

Nucleotide sequencing 

Following amplification of the DNA product, the 
a~nplicon was subjected to treatment by the standard 
Geneclean (BiolOl) protocol to remove any 



Figure 1. A geographical representation of Lao PDR representing provinces where CSFV sample collections were 
undertaken. 

remaining primers or PCR reaction chemicals that 
may interfere with downstream applications. Nucle- 
otide sequencing was performed using an ABI Prism 
377-18 automated DNA sequencer at the CSIRO 
Division of Animal Health, Geelong, Australia. 

Phylogenetic analysis of nucleotide sequence 
results 

Lao PDR CSFV sequences were compared with 
sequences held on the CSFV sequence database 
accessed at http://viro08.tiho-hannover.de/eg/csf 
(Greiser-Wilke et al. 1999) (see Table 1). 

The deduced nucleotide sequences and database 
sequences were aligned using the CLUSTALX 1.64 
software package (Thompson et al. 1994). The 
transition/transversion ratio was calculated using the 
PUZZLE 4.0 program (Strimmer and von Haeseler 

1996, 1997) followed by Maximum Likelihood- 
Neigbour Joining analysis using algorithms supplied 
with the PHYLIP software suite (DNADIST and 
NEIGHBOUR) (Felsenstein 1989). The results were 
bootstrapped using 100 replicates via the PHYLIP 
algorithm, SEQBOOT and the resultant phylograrn 
viewed using TREEVIEW 1.2 software (Page 1996). 

Results and Discussion 

From the results presented, it is apparent that the Lao 
PDR isolates assessed fall into two distinct groups 
(Figure 2). 

The virus isolates from Phongsaly (L119), Bokeo 
(L168) and Vientiane Municipality (L123) provinces 
clearly group with European viruses that comprise 
the genogroup 2.1. The Lao PDR isolates with the 



I CSF0309 Kanagawa Genogroup 5 

Genogroup 1 2 

Genogroup 1 1 

Genogroup 2 1 

Genogroup 2 3 

I L71 

0 1 subsl~tut~ons per nucleotide 

Genogroup 2 2 

Figure 2. Phylogra~n of thc nuclcotidc scqucncc comparison of I90 basc pair\ o i  thc E2 gcnc of CSFV isolatcs from Lao 
PDR. Europe and Asia. 

exccption of L12.1 are both CSFV isolates from The balance oE the viruses from Champassak 
northcrn Lao. The northern regions of Lao PDR are (L12, L6.5, L71), Savanakhet (L17.5) and Kham- 
very nio~~ntainous.  solnewhat isolated from other rnouane (L61, L202) provinces appear to group with 
regions of Lao PDR. It would thererore be expected viruses belonging to genogroup 2.2. All provinces 
that CSF virus isolates from these areas would be where these v i r ~ ~ s e s  were sourced are in the southern 
distinct, given the geographical isolation. region of Lao PDR. There appears to be a strong 



geographical relationship between isolates from 
Charnpassak province and to a lesser extent with 
Savanakhet arid Kharnmouane viruses. None of the 
Lao PDR viruses assessed in this study fall into 
genogroup I or genogroup 2.3. 

Previous studies of Asian CSFV isolates have 
found that Malaysian isolates from the 1980s have 
grouped with genogroup 2.1, but to date no Thailand 
isolate5 have fallen into this group (Grieser-Wilke 
and Paton 1999). Thai isolates from the 1990s have 
beer1 reported to group within the gellogroup 2.2 
(Grieser-Wilke and Paton 1999). This may account 
for the southern Lao isolates belonging to this geno- 
group, given the long common border between Lao 
PDR and Thailand in the southern region and the 
opportunity for livestock trade. 

Frorii the res~~l t s  presented it is evident that there 
is a strong geographical relationship between CSF 
virus isolates from the northern region (genogroup 
2.1) and the southern region (genogroup 2.2) of Lao 
PDR. As the viruses assessed in this study were 
collected over only a one-year period, it is not 
possible to assess the level of temporal variation in 
Lao PDR CSFV isolates. Further work with addi- 
tional virus isolates and cornparison with other 
genetic regions is required to gain a fuller picture of 
the molecular epidemiology of CSFV in Lao PDR. 
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Molecular Epidemiology of Classical Swine Fever Virus 
Isolates in Thailand 

S. Parchariyanonl, K. Inuil, W. Pinyochon,' S. Damrongwatanapokinl, 
P. Lowings2 and D. Paton2 

Molecular epidemiology of classical swine fevcr i n  Thailand was studied by analysing the 
phylogenetic relntion.;lrip'; between 20 Thai classicnl swine fever virus isolates and the world 
isolates. Thc results show that Thai isolales wcre clusteretl into three distinct genogroups. Ten 
isolates from 1991-95 form a new genogroup not reported previously. Nine isolates fro111 1988-93 
are in the same genogroups as old US  and Europeari strains. The viru\es o f  this group seem to have 
died out In Europe, hut they still exist in Thailand. One isolate fro111 1995 is closely related to sonic 
It~~licln stlain\ (c4D). 

CLASSICAL swine fever (CSF) is an economically 
important disease for the pig industry in many parts 
of the world. The causative agent, classical swine 
fever virus (CSFV), belongs to the Pestivirus genus 
of the Flaviviridae family. Genetic variability o l  
CSFV has been reported among isolates from 
different parts of the world (Lowings et al. 1996: 
Vilcek et al. 1996). Identification of the virus strains 
and genotypes by genetic characterisation can be 
used to trace the sources of infection and should 
improve our understanding of the epidemiology of 
CSF. The present report studies the phylogenetic 
relationship of CSFVs isolated in Thailand and the 
world isolates. 

Twenty CSFV field strains isolated from various 
geographical areas i n  l'hailand during 1988-9.5 were 
examined by co~iiparative genetic sequence analysis. 
Briefly, a part of E2 glycoprotein gene of the iso- 
lated viruses was a~nplified by RT-PCR and directly 
sequenced. Secluences corresponding to Alfort strain 
2508-2697 (190 basc pair [bpi) were compared with 
those of world isolates and a~ialyscd with the 
PHYLIP software for phylogcnctic studies (Lowings 
et al. 1994). 

' National ln\titutc o f  Animal Hcc~lth. Jatujak, I3angLok 
10900, Thailn~id 
' Veterinary Laboratories Agency (Weybridge), Addle- 
stone, Surrey KT15 3NB, U K  

Phylogenetic analysis of 20 Thai isolates and 
world isolates proposes that CSFVs can be divided 
into three ~liajor genogroups instead of two as 
reported previously (Figure 1). Thai isolates were 
clustered into all three genogroups. termed gello- 
groups 1 .  2 and 3. 

Group I contains old US and European strains and 
is divided into two subgroups, IA and 1 B. Subgroup 
1A is represented by Alfort strain and includes three 
~ h ,  a1 . ~solates ' . from 1988-93. Subgroup 1B is repre- 
sented by Brescia strain and Malaysian isolate (VRI 
41 67) of 1986. It includes six Thai isolatcs 1988-91. 
five of which are closely related to the Malaysian 
strain. 

Group 2 contains recent European strains and is 
divided into three subgroups. 2A. 2B and 2C. Sub- 
groups 2A and 2C arc represented by Malaysian 
isolate (VRI 2277) and U K  8612, respectively. No 
Thai isolates wcre found in subgroups 2A and 2C. 
Subgroup 2B is represented by Italian isolate (c4D) 
of 1991. One recent Thai isolate is closely related to 
this Italian isolate. No Thai isolates before 1095 are 
found to be in this group. 

Group 3 is a new genogroup not reported pre- 
viously. Ten Thai isolates belong to this group. No 
isolates from any other part of the world arc reported 
to be in this group. 

The gene of E2 glycoprolein (gp.55) which elicits 
neutralising antibodies and induces a protective 
immunity is one of the rnost variable parts of the 



- Group 1A 

'Alfort 

RBR88, NKR93 KPP93 

Group 1B 

'Bresc~a, 'VR14167 

BKK88, KKN88. NKP88. 

PTT88. CBR 91 BKK 9111 

Group 2A 

'VR12277 

Group 2C 

'UK8612 

L--- Group 2B 

'c4D 

CBR 95 

Group 3 

BKK 9112, CCS 92, CBR 94 

NKP9411. NKP9412, NKR 94 

RBR 94. NKP 9511, NKP 9512. RBR 95 

Figure 1. Phylogenetic relation\tiip\ among six subgroups of CSFV ha\cd on 190 bp of E2 gcile. Strains tn;lrkcd with * arc 
I-eprescn~ative of each subgroup published previously (Lowings et al. 1996). 

pestivirus genome. Phylogenetic analysis of the E2 
gene of 115 CSFV world isolates has shown that 
CSFV can be divided into two major genogroups and 
five subgroups, termed IA, 1B. 2A, 2B and 2C 
(Lowings et al. 1996). 

A new and third genogroup of CSFV was found to 
exist in Thailand. This genogroup, ternled group 1, has 
examined 10 of 20 Thai isolates. I t  indicates that 
group 3 is the do~ninant genogroup in Thailand. The 
present study showed the evidence of a distinct 
lineage of CSFV in Thailand, and emphasi\es the need 
for global virus characterisalion in order for molecular 
epidemiology tracing of CSFV to be fully effective. 
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CONTROL STRATEGIES AND 
LOCAL IMPACT OF CSF 



Approaches to CSF Control Using Vaccination 

Annette Bonde Larsenl 

(-1. ' rss~~a! , . swirlc fever (CSF) is \ t i l l  an important prohletn for pig product~on worldwide and even 
in some declared free areas in Europe massive outbreak\ have been experienced. 111 the Nether- 
lands, traditional live vaccines have been shown to be effective to contl-ol clinical disease, and also 
for eradication it'  vaccination is combined with stampins-ou~ inl'ected hcrds. Due to the need for 
CSF vaccines for emergency vaccination in CSF-free areas, that do not interfere with diagno\tic 
procedure, mal-ker vaccines as well as a discriminalive diagnostic ELISA kit  have been developed. 
Vaccination with PorcilisO Pesti has shown to  he highly protective against severe challenge. There 
tire different approaches to the control of CSF. For contl-ol in endemic-infected areas, traditional 
live vaccine$ are preferably used, whereas the   nod ern marker vaccines are Inore suitable as an aid 
to eratlicatiorr in Ilerd areas or at country level and as a new tool for elndicnlion in CSF-free area .  

Till; FIRST OIII 'BRI~AK of classical swine fever (CSF) 
was reported in 1833 in Ohio and the disease became 
widespread in the 1860s. Since then, CSF has been 
an iniportant problem for pig production all over the 
world. Even totlay. Inany parts of the world put 
riiuch effort into controlling and eradicating the 
disease. Some areas such as North America are 
declared free of CSF. 

Most countries in the European Union (EU) vacci- 
nated intensively in the 1970s and 1980s in order to 
control and eradicate CSF. In 1991. a non-vaccination 
policy was implied in EU, which Iiieans that vacci- 
nation against CSF  is banned and that stamping-out 
is used in outbreaks. However, there have been sorne 
major outbreaks in Gemiany and Belgium, the latest 
in the Netherlands, where many pigs were killed. 

During the last epidemic in the Netherlands, 
1 1  niillion pigs were killed, 700 000 CSF-infected, 
I .  l million preventive-eradicated and 9.2 million 
animal welfare in standstill (quarantined) areas. The 
main source of re-infection in EU is swill-feeding, 
but CSF-infected wild hogs are also considered to 
play a role. 

' It~tcrvet International BV., PO Box 3 1.  5830 AA Box~neer, 
The Netherlands 

Control of CSF Using Traditional Vaccines 

The vaccincs used for a long tirne to help control 
CSF are live attenuated vaccines based on either the 
C-strain, the Thiverval, or the Japanese GPE, strain. 
Those vaccines are higl-11y efficacious and safe 
(Aynaud 1988). 

In the Netherlands, i t  has been shown that CSF 
can be eradicated from enzootic areas by strict Illass 
v~rccination cornbined with stamping-out infected 
herds (Terpstra and Robijus 1977). 

In 1971, In three enzootlc area\ In the Nethcr- 
lands, compulsory niass vaccination was applied. 
Initially, all animals more than two weeks old were 
vaccinated once with an attenuated live C-strain 
vaccine. During the initial vaccilirrtion campaign, 
approxi~nately 2-3 weeks, movement of pigs was 
prohibited. The initial niass vaccination was 
followed by a single vaccination of you~ ig  stock at 
6-8 weeks of age and of all stock i~itroduced from 
outside the areas. In two of the areas, vaccination 
was stopped after one year, in the third area, after 
three years. CSF outbreaks decreased quickly after 
the campaign began and clinical disease disappeared 
after five months (see Table I ). 

No cli~lical disease due to residual virus was seen 
in the two years follow-up after vaccination t e m i -  
nated. Finally in 1979 the Netherlands was declared 
CSF-free for the first time. 



Table 1. Monthly outbreaks of CSF before and after the start of the mass vaccination campaign. 

Monthly outbreaks of CSF in emergency areas in the Netherlands 

Months prior to vaccination Months after vaccination 

Area 6 5 4 3 2 1 1 2 3 4 5 6 
I 4 7 8 14 16 10 7 2 1 -  - - 

I1 1 4 14 50 91 89 20 10 3 3 - - 

I11 5 3 4 3 5 14 3 2 3 -  - - 

(Source: C. Terpstra, TvD, 1977, 102, 106-1 12) 

Percentage of pigs 

Ciinical signs Viraemia Mortal~ty 

Controls 

Challenge performed respectively two weeks till six months after basic vaccination 

Figure 1. Results of challenge with heterologous virulent CSF virus. 

Based on experience in Europe, the most impor- 
tant factors to control CSF are vaccination of all pigs 
in all herds with a highly efficacious vaccine supple- 
mented by the introduction of only vaccinated 
animals and good biosecurity measures. 

Control of CSF Using Modern Marker 
Vaccines 

The main reason for applying the non-vaccination 
policy in EU was international trade-to be declared 
free of CSF and to maintain the CSF-free status. This 
is not possible when traditional live vaccines are used 
because of interference with serological monitoring. 
It was interesting to develop marker vaccines against 
CSF which could be used in case of outbreaks in non- 
infected areas. These vaccines are inactivated subunit 
vaccines based on the E2 protein of CSF virus. They 
allow vaccinated animals to be differentiated serolog- 
ically from field-infected animals. 

Intervet, in cooperation with Professor Thiel at the 
Federal Research Centre for Virus Diseases of 

Animals in Giessen (Germany), developed a marker 
vaccine against CSF that, together with a discrimi- 
nating diagnostic test, can be used as a strategic tool 
for controlling the spread of CSF. 

PorcilisB Pesti is an inactivated subunit vaccine 
containing 120 ELISA units (EU) of E2 protein in a 
water-in-oil adjuvant. Pigs with maternally derived 
antibodies can be vaccinated from the age of six 
weeks onwards. In a nai've population, vaccination 
can be given at a younger age. The basic vaccination 
consists of two doses of 2 mL at a 4-week interval. 
Revaccination with a single dose is recommended at 
6-month intervals. 

The efficacy of the vaccine has been shown in 
challenge studies where pigs were vaccinated twice in 
a 4-week interval. Vaccinated pigs and unvaccinated 
controls were challenged with at least 300 (to 1000) 
LD50 of the heterologous CSFV-strain Alfort 187 
(reference challenge strain obtained from Hannover, 
CSFV Reference Lab.) by the intramuscular route 
(Ph. Eur.). Pigs were challenged 2-26 weeks 
following the second vaccination. 



Protection could be demonstrated from two weeks 
after the second vaccination onwards for at least hall' 
a year. All control animals died or were killed, when 
moribund 7-10 days after challenge. In contrast, all 
vaccinated pigs survived (Figure 1 ). 

Furthermore, a discriniinative ELISA kit has been 
developed by Dr A.G. Bommeli. This E1,ISA is 
based on the detection of antibodies against the Erns 
protein of CSF virus, a structural component of all 
CSF viruses. PorcilisO Pesti, however, contains only 
the E2 protein and therefore induces only E2-specific 
antibodies. A serum sample negative for Erns is 
therefore originating fro111 either a non-infected pig 
or a pig vaccinated with PorcilisB Pesti, and a 
sample positive for Erns derives from a field- 
infected animal or an animal vaccinated with tradi- 
tional live vaccines. 

I t  is now discussed intensively within the EU 
whether such marker vaccines should be used as an 
additional tool in the eradication of CSF, when new 
outbreaks occur. There is great pressul-e Prom 
countries which have experienced large outbreaks 
where rnillions of healthy pigs were killed and 
de\troyed due to welfare reasons. Furthermore, CSF 
marker vaccines might be used as an aid in eradi- 
cation at herdlarea or country level because of the 

discriminative advantages and the high level of pro- 
tection induced after vaccination. 

Conclusion 

There are different approaches to controlling CSF. 
depending on the starting-point in thc area or country 
concerned. For endemic-infected areas or countries, 
the best approach is to use a good live vaccine to 
control clinical disease. By combining a strict vacci- 
nation scheme with stamping-out infected herds. 
classical swine fever virus can be eradicated from 
the area. 

Modern marker vaccines will be more suitable as 
an aid for eradication at herdparea or country levels 
and as a new tool for the eradicalio~l of outbreaks in 
free areas. 
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Monitoring CSF Antibody Levels in Vaccinated Swine 

Shanyi Naichun, Li Chundil, Zhang Yinguol, Zhang Wendong1, 
Wan Jiaju, Gao Huafeng, Liu YinWu, Li Xinrong and Du Jian 

Applying indlrect aggluti~i:rtioli. swine i n  different regio~is and at different ages have been 
invc\tigakxl for \el-ology: Lhc test has been earl-ied out by i~ljccling diflerenl vaccines and imrnu- 
nislng w ~ t h  dose5 widely used. The \wine were divlded irrto scvcr:~l groups. and the \erum 
collected periodically. This method was u\ed lo delect x r u m  antihotly levels. To annlyse and con- 
pare ;r~itihody level\ of  swine it1 Yulinal> P~.ovince. pigle~ triaterrial antibody levels. i~nmu~i~si~lg  
close\ allti ilnmunihing titrea wcrc survcycd. 

CSF IS A dangerous disease for swine and a serious 
menace to the pig-raising industry. It is one of the 16 
contagious diseuses ~ l t t r ib~ tcd  'A'  in the health laws 
of OIE. 

CSF prevalence and morbidity has changed in 
recent years, its cpidcmicity becoming periodic, 
wavy and of limited outbreaks, compared with past 
years. I t  currently appears 11s atypical CSF, mild 
CSF, and so-called 'high fever with n o  reasons'. 
Clinical sytnptoms arc ablivited obviously, dcath rate 
liaj decreased. and its pathology change is not 
typical. There is si~bclinical infection. placental 
transmission, geneogenous trembles of newborn pig- 
lets and symptoms of pregnant sows carrying the 
virus. It is hard to explain why irnnlunisation is not 
cffcctivc in the regions and pig fiirnms are affected. 

Injecting vaccine is the key control mcasure to 
prevent CSF-what is the antibody level of 
vaccinated swine using different vaccines, the 
tnatcrnnl antibody level of piglets. elcrnentary imrnu- 
nisation antibody levels and secondary ilnrnunisation 
antibody. CSF serology diagnostic reagents for 
indirect agglutination testing are produced in the 
Yunnirn Tropical and Subtropical Animal Virus 
Disease L:rboratory. The reagents have strong 
specific reactions, and agglutination with negative 
serum and other antigens of contagious disease 
cannot happen. 'Ihe serum of vaccinated swine was 
collccted to investigate antibody levels li.orn seven 

' Yunnan Tropical and Subtropical An~lnal Virus Diseu\c 
Laboratory 

different regions (Kunnling, Qujing, Yuxi. Honghe, 
Dali. Linchang and Li,jiang in Yunnan Province) to 
discover the correlation of antibody levels between 
vaccinated sows and newborn piglets. and how best 
to change basic in~n~unisation for piglets. 

Materials 
1. Reagents for indirect agglutination tests were 

produced by YTSAVDL. 
2. Positive serum was produced by YSTAVDL, 

antibody titre dilution 1:2048. 
3. Negative serum was collected from notl- 

vaccinated swine in Q ~ l j ~ n g  and Kynming. 

Method 
Thc antibody level of CSF-vaccinated swine was 
surveycd in the main regions of Yunnati Province. 
Swine (4675) were abstracted from Kynming, 
Qujing, Yuxi and Honghc. Serum was isolated and 
conserved below minus 20 "C. detecting the anti- 
body levcl of vaccinated swine using IHA diagnostic 
agenth of the srtnle serial number. 

To investigate piglet maternal antibody level, 15 
healthy sows were selectcd from Honghe region and 
vaccinated using C-strain vaccine including a 
standard immunising dose, four times the dose, and 
six times the dose. Sow antibody levels at 30, 60 and 
90 days were taken, and piglet maternal antibody 
lcvcls at 15, 30 and 45 days. 

In the investigation of antibody changes after 
basic immunisation. healthy piglets 7 days old were 
selected in Kunming and their maternal anlibodies 
detected. Twenty piglets with maternal antibody titre 



cclu;~l to I :X or 1: 16 were selected and divided ran- 
domly into three groups, in.jected with a standard 
dose of cattle body reaction vaccine. a sta~idard dose 
of cell cultural vaccine and four t i m e  the dose of 
cell cultural vaccine. According to each group 
n~uiiber at 7. 14, 28, 35 and 42 days and from the 
second month to eleventh l i~onth,  each month's 
serum was collected and the antibody titre detected. 
If the result was greater than a dilutio~i of I: 16, il 
was judged qualified. 

Results 
The IFJA reagents for CSF serology diagnosis are 
strongly specific. Agglutination reaction with 
positive serum occurs, and thcre is no reaction when 
negative serum or serurn infected by other con- 
t a g i o ~ ~ s  di5eases are detected. 

Investigating the antibody levels of vaccinated 
swine using the indirect agglutation tcst in the main 
regions of Yunnan province indicated that 3887 ol 
4675 vaccinated 5wine. about 83.14%. had enough 
antibodies to prcvent CSF. The results were different 
in different regions-130.5 specimens in Kunrning 
(positive rate 66.8%). 335 specimens in Qu,jing 
(83.5%). 370 in Yuxi (74.6%). 812 in Honghe 
(87.9%). 218 in Lilichang (88.9%). and 1396 in 
Lijiang (93.3%). 

The sows were vaccinated using one, four and six 
times the im~nunising dose of cell culture vaccine. 

L 

Their ;rntibody levels increased with the increased 
dose. Thc maternal antibody levcls of these sows' 
pi!lets were investigilted. Of the sows vaccinated 
uslng once the immunising dose, at 15 days, 8 of 10 
of their piglets had sufficient antibody to prevent 
CSF;. At day 30. 4 of the 10 piglets had si~fficient 
antibody. At 45 days. 2 in I0  had sufficient antibody 
to prevent CSF. If the sows were vaccinated using 
f o ~ ~ r  timcs the immunising dose. at 1.5 days, 18 in 70 
piglets had sufficient antibody. at 30 days, I I in 20, 
at 4.5 days, 7 in 20. If thc sows were vaccinaled using 
six timcs the il~lrnunising dose, at 1.5 days, 18 in 20 
oftheir  piglets had sufficient antibody. a1 30 days, 12 
in 30 piglets. at 45 days, 8 in 20. 

Table I .  Invc\tigating vaccin;~tcd \M,IIIC ii~itibody Icvcl\. 

The positive rate of elementary immunisation anti- 
body in piglets (see Table 3): the results indicate at 7 
days after imniunisation with the standard dose of 
cattle body reaction vaccine, the positive rate can 
reach 85.7'%, maintained for two ~nonths,  and three to 
five months later can reach 71.4%,. At 7 days after 
imniunisation with a standard dose of cell c ~ ~ l t u r e  vac- 
cine. the positive rate of antibody can reach 87.5% 
and be maintained for one-and-a-half ~lionths. After 
two to three ~montlis. the positive rate is 75%; for four 
to five months, 62.5%. When the piglets were vacci- 
nated using four ti~iies the dose of cell culture vac- 
cine, at 7 days a11 had e n o ~ ~ g h  ~111tit)ody to prevent 
CSF and il could be maintained for six months. 

Summary 

Reagents for the indirect agglutination test for CSF 
are strongly specific and cannot con.jugate with CSF 
negative serum or other disease serum. The test can 
be used to detect in S C ~ L I I T I  firstly, piglet maternal 
antibody, and secondly, the antibody of swine vacci- 
nated by CSF vaccine. 'l'liirdly. it can be used to 
 non nit or the changing of the CSF antibody. 

In seven main regions of Yunnan province. 4675 
vaccinated swine were investigated. About 83.14'X 
of the total have s~~ff ic ient  antibody to prevent CSF. 
The antibody level of vacci~iated swine ia high and 
reliable in Yunnan. 

Newborn piglets can acquire maternal antibody by 
sucking colostrum. Sows vaccinated with different 
imnlunising doses transfer different snlibody levcls 
to their piglets, piglet rnatcrnal antibody increasing 
with the growth of the immunising dose. A5 the pig- 
lets age. the maternal antibody level decrc;lses and 
eventually disappears. Most have insufficient lo pre- 
vent CSF infeclion 45 days later. 

All piglets vaccinated with four times the dose of 
cell culture vaccine can be protected at 7 days and 
the antibody maintained for six n ~ o ~ i t h s ,  so using this 
vaccine and dose, the swine produce high titre anti- 
body of long durations. At the \ame time. the immu- 
nising capacity was strong. 

Kunming 
Qujing 
Yuxi 
Honglic 
Dn11 
Linchang 
Lijiang 
Sum 

IHA dilulion of vaccinatcd swinc 



Table 2. Piglet lnaternal antibody Ievcls. 

Vnccil~ated sow Piglets IHA dilution of material antibody 
-- - -- - - --- - 

No Vac tlpc Dose IHA Nu~nber Age 1 64 1 32 1 I 1 8 1 4  

5 cell I 
CUI ILI~ ; I I  
,,,I- . ~ ~ i n c  . 

Table 3. The positive antibody rate of p~glets al'tcr basic immunisation 

Result (%) 

GI-oup Age 
Dose 

- 

Positive rate detected by IHA ~nzthod 

- -- 

Number 0 7 14 2 1 3 5 42 60 
rq pc 

- - - -- - -- - - - 

A Type A 10 1 0110 617 617 617 617 617 617 
0.0 0 857 0 857 0 857 0 857 0 857 0 857 

B Type B 10 1 011 0 718 718 718 718 718 618 
0.0 0 875 0.875 0.875 0.875 0.875 0.75 

- --- ~- - -~ - ~ 

Note: Type A rep~-eents cattle body reaction vaccine, type B reprehents cell eultu~.al vaccine 

'I'able 4. Monltorlng p~glet antlbodq 

A Teit group A Vacclne type ~ , ~ t t l e  body vaLclne Immunlslng doie one 
-- - -- - - - - 

L)ate 7 d,~y\ 14 d,~) s 2 1 dab \ 28 da) i 35 day\ 42 d'tyi 60 daqi 90 ddyi 120 d'lyi 150 dayi 
No 

--- - -- - - - - - 

45 8 4 I6 I6 1 h I6 16 16 I6 I6 
48 64 64 64 32 32 32 16 8 4 4 
49 256 128 04 12 12 I6 32 8 8 8 
5 0 128 128 12 16 16 16 12 12 12 12 
74 16 16 16 16 16 16 16 16 16 16 
7 5 16 16 1 (1 I 6 I h I6 1 6 16 I 6 16 
79 64 32 1 6 16 I h 16 I6 16 16 16 

-- - -- -- - --- -- - - 

B Teit gloup B V a ~ c ~ n c  type cell ~ u l t u r ~ ~ l  vacclnc Imlnunlilng dose one 
- - - -- -- - 

Date 7 ddys I4 d,rq\ 21 days 28 days 15 day\ 42 days 60 d ~ y s  90 dayi 120 days 150 ddy\ 
No 

- -- - - - -- 

17 8 4 4 8 8 8 8 4 4 4 
1 8 I6 16 16 I 6 16 16 I 6 16 8 8 
5 1 64 128 64 I6 16 Ih 8 4 8 8 
5 3 64 12 64 12 12 16 16 12 16 16 
54 12 64 64 32 12 12 12 3 2 12 12 
5 5 64 128 64 32 '32 I6 16 16 16 16 
56 16 16 3 2 16 16 I6 I6 64 128 64 
-- --- - - -- 

If the IHA dllut~oll I \  equal to or 171o1e thm 1 I6 11 can be judged po\ltlvc 



Controlling Pig Diseases in Vietnam and Lao PDR in Village 
Smallholder Systems 

T. Gibson' and I. Wilkiez 

Thi\ paper outline\ recent experience\ of tu.o developmental project\ in remote area\ of 
northern Vietnaln ancl \\e\tern Lao\ in attempting to I-educe the high death rate of \ illage pig\ b! 
S\ \ ine  I'eber \ncc~nnlion prosram\. In general. the programs ha \ ?  not been \ ~ ~ c c e \ \ f u l  even after 
due atrention to maintaining a n  e f l c t i v e  colcl-chain lo the village. S\ \ ine  fever \%as ilefinitely 
confil-med b! Iaborstol-! anal!\i\ ;i\ pre\ent in \ich pig\ in the t \ \o  ~ i l l a g c \  in Vietnam 1'1-om mhich 
\iunple\ \ \ere taken. 111 Lao\.  it \vn\ 0111) intreil~~entl) c o ~ i f ~ r m e d  a \  pre\ent in \ick ply\ t r o ~ n  
\ample\ \~~brn i t t ed  fr-om Inan! \ ~ l l a g e \ .  The rc\~llt\  could he explained by the presence of fatal 
di\ca\c\ addit~olii~l to \ \ \  inc fevcl- in tlie project at-en\. H o w \  er. Illore b a s ~ c  rcse;~rch i\  rcqu~l-cd to 
reduce the high dec~th o f  \ illage pig\. Such re\e;lrch i \  b e ~ o n d  Lhe nbilit! of developmental pro,jrcth 
\\hich mu\t rel) on continuing ad\ icc froln rc\carch p ro jx t s  s ~ l c h  ;I\ the Anim;ll Health Project. 

THIS PI\PER reflects experience as short-term con- 
sultants to t u o  separate projects: Ky Son Pilot 
Scheme. CNDCP. in Ky Son District. Nhge An 
Province. Vietnam. and the (German) GTZ Bilateral 
Aid Project. the rural development project in Bo Keo 
Province. Lao PDR. Ky Son is in the central- 
northern highlands of Vie~narn and adjoin5 the 
mountainous Lao Province of Xieng Khouang. Bo 
Keo i ,  in nestern Lao, and i ,  tlie Lao province of the 
\~.elI-kno\vn 'Golden Triangle'. those adjoining areas 
of Lao\. Thailand and Burma where much opium 
was once g roan .  Villages in the Ky Son Prqject area 
r;111ge 1501300 111 amsl. those of the Bo Keo Project 
350-650 m. 

Both projects ha \ e  Inany si~nilarities: both are 
area development prqjects of which livestoch 
developnient is one of several major components: 
both are largely colicerned with ethnic minority 

General Agricul~urnl Ad\,isor. GTZ-Rural Dc\clopment 
Project in Bo Keo Pro\ ince, Lao PDR (formerl) Li\estocl, 
Con\ultant to K) Son Pilot Schenlc. UNDCP. Victnani). 
57 Coverdale St.. Indooroopill!. Bri\hane 3068. .Au\tralin. 
Email: tg~b\on@gil.coln.au 

Department of Veterlnar) Patliology ancl Anatomy. Lrni- 
\errit! of  Queen\lnnd. Hri\bane. Au\tralia. Ernail: ~ . \%i lk i e  
@ ~ i ~ , ~ i l h o x . ~ ~ q . e d u . ~ ~ u  (foniierl) Veterinary Cori \u l t~~nt  to 
K! Son Pilot Scheme. UUIICP) 

peoples where the Hniong group i5 common to both: 
both have an opium replacenlent or rehabilitation 
component: and both are in areas comparatively 
remote from modern service\ including electricity. 
all-weather roads and L eterinary ices. 

This paper outlines the process by L~hich both 
prqjects h a ~ e  attempted to address and control the 
problem of pig diseases in remote ethnic minority 
villages. Nearly all pigs are the native black 's\\ay- 
back' pip. mostly f'l-ee-ranging. although there has 
been much offici~ll encouragement in recent years for 
villagers to pen li\estock. No purcha\ed feed is 
normally given to pigs. Feed obtained from 
scavenging is supplemented by products in and near 
the villages, such as coarse rice-bran, riiaize (uhen 
available). tubers of yarn5 (wild and cultivated yams. 
especially Xunrl~osonlc~ .\clgitt$olinr?r). cassava 
(especially in Ky Son). and sweet potato, green 
papaya fruit and a wide range of vegetative material 
such as banana stems. leaves of cassava (less in Bo 
Keo). sweet potato. coco yam (Coloc~usicl c~.sc~i lc /~tu~ 
the fibre tree 'bo sa' (Ri~o~i.s.sorlc~ritr pcq,yi.rfc~r.a'?). 

' In both project area\. infra\tructure and her\ ice\ are more 
developetl in the larger towns and. in Bo Keo. In villages 
adjacent to the hlekong Ki\er .  In thew more advanced 
areas. pig product~on i\  u \~la l ly  more successful anti vacci- 
nation nwre r e ~ u l ; ~ r l ~  conducted. This paper refer5 on14 to 
the Inore remote v~l lages  of major interest to both project\. 



pumpkin shoots and weeds (especially An~ur~ur~r1~~r.s 
spp.). FIusbandl-y of pigs in tlie project villages is 
similar to that described by Visitpanich and Falvey 
(1980) for the nearby highland ethnic rninority 
peoples of northern Thailand. 

The data on which development has been based 
are largely a~lecdotal and difficult to conf i r~~ i ,  but 
this report illustrates the problems of development in 
s~tch remote areas and the great need for more 
reliable data such as can be obtained fro111 the 
Animal Health Project. 

Initial Surveys 

At the commencement of the consultancies (1997- 
98), rapid surveys were conducted in many villages." 
Surveys were conducted mainly by discussion in 
informal villager meetings. There was a gcnerally 
consistent pattern in replies. Villages experienced 
regular, often yearly or biennially, epidcniics in 
which the reported death rate 01' pigs varied from 
about 20% to  al~iiost 100% during any one 
epidemic.' The most common signs of disease 
described were red spots or red rashes on the skin 
(thus leading many villagers to believe that mosquito 
bites were the cause of disei~sc), red spots on the 
intestines and red meat, and pus discharged from the 
comers of the eye. Inappetance and a dejected 
appearance were allnost universal. Fever was rcgu- 
larly tnentioned and salivation and diarrhoea were 
\ometinies ~ncntioned. Swollen throats with fever 
were occasionally ~nentioncd. Abortion was very 
rarely mentioned. 

Officials or village para-vets had conducted vacci- 
nation campaigns irregularly in sorne  village^.^ In 
Ky Son. p:tsteurellosis vaccine obtained from the 
Governrnent Laboratory in Hanoi was administered 
and in Bo Keo. only swine fever vaccine horn the 
Govern~nent Laboratory in Vientiane. Villagers were 
equivocal a\ to the effectiveness of pig vaccination; 
in Ky Son. villagers were Inore adamant that vacci- 
nated pigs died at least at the same rate as unvacci- 
nated pigs. Villagers general1 y believed that all 
animal vaccinations are largely ineffective (most 
especially for poultry). This belief in the general 

' See Gibson (1997). (~~npubl.)  Con\ultancy Rcport. GTZ- 
KIII' in Bo Keo and Gihson (1998). (unpubl.)  Con\ultancy 
Rcport. Ky Son Pilot Sclic~ne. LINDCP. H;~nol. 

Fot- the hills of norlhern Thailand. Vi\itponich and Ellv~y 
( 19x0) foulld that the average incidence o f  disease epidenlics 
wa\ once every I .6 years with a Incan mortality rate of  74%. 
-' The offic~al rcported yeclrly rate of vnccinatiorr of pigs 
varied 30-70% hut the informal \~~rveys suggesled  hat 
;ictual vaccinc~tion rate\ in the remote villages were much 
less. 

irleffectiveness of animal vaccinatio~i' has led to the 
failure of ofricial attempts to develop self-funding 
regular vaccination programs based on a local para- 
vet system in thcsc remote villages. 

Villagers sometimes ad~liinistered antibiotics to 
sick animals but (for pigs and poultry especially) 
stated that antibiotics were generally unsuccessful in 
preventing death. The only effective Incans the 
villagers knew to prevent pig (and poultry) death 
was isolation; pigs are so~netimes located in remote 
fields, which has the disadvantage of requiring extra 
labour for care-taking (feeding, guarding). Some- 
times villagers reportcd that simply keeping pigs in 
pens in villages (where they are isolated from other 
pigs) is effective in reducing the death-rate but this 
method has the disadvantage of requiring much more 
prepared feed than that required for fl-ee-ranging 
pig" 

At the time of the surveys, local officials rcported 
that an occasional sl~rnple from a diseased animal 
had been sent to a laboratory for diagnosis, but they 
were generally unaware of the results of the testing. 

Veterinary officers in both countries generally 
stated that swine fever was the major cause of pig 
death." In Icy Son. sonic local officials believe that 
paste~~rellosis and leptospirosis are important in pigs. 
The conclusions appear to be based on the interpre- 
tation of field observations and, at lc:lst in the case of 
Ky Son, diagnoses made Inany years ago.' In Ky 
Son. local officials did not attempt swine fever 
vaccination in remote villages because of the diffi- 
culty in maintaining the cold-chain to such villages. 

As a result of the initial survey, the following con- 
clusions and recommendations were made (among 
others): 
I. pig production has great potential to contribute to 

village housclrold protein intake and cash income: 
1. village pig production is severely constraineti by 

the high death-rale of pigs. which does not seem 
to be controllable under present practices: 

3. the cold-chain for vaccines from tlie ~nanufac- 
turing laboratory to the village pig should be 
improved; 

' This is in contrirst to the gcncrnl helief hy villagers that 
llurniui vacci~iatio~l is sucee\sI'~~l. 
" Visitpunich anti Falvey (10x0) reported that '\u.int. fever 
is the nlo.;t \erious disease in the highlands (of northern 
Thailand)' but provided no supporti~~g evidence. 
' Sw~ne fever was l'il-st identii'ied in Vietnam in Ky Son in 
1904; leptospirosis was recorded in Ky Son in I970 
(B.Q. Huy in Gih\on [ I9991 lunpuhl.] C'onsultancy Report. 
Ky Son Pilot Project. UNIICP). Pastcurcllosis wa\ recorded 
in pips in Vietnam in 19x8 (Townsend et al. Veterinary 
Microbiology. 63: 205-215). Villagers sometimes accord 
death to the ingestion of  rat poisor, often placed around 
house and fields. 



4. the q ~ ~ a l i t y  and appropriateness of pig vaccines 
should be investigated: 

5 .  the precise cause of most pig deaths should be 
investigatctl: 

6. vaccination demonstmtions should be made in 
some village5 using the irnprovctnents listed 
above. 
Wo~.ksliops were held to address the recomn~endu- 

Lions, and the activities discussed in the following 
section initiated. 

Recent Activities 

Cold-chain improvements 

Swine fever vaccine is particularly vulnerl~ble to 
heat. There w a  great doubt as to whether the 
vaccine, even if potentially cffcctive, reached the 
village in acceptable condilion. The route from the 
~nanufi~cturing laboratories to the district towns 
where the vaccines are stored before distribution to 
the villages is long and tortuous. Vaccines were 
observed leaving laboratories o n  several occasions 
without being packed on ice or stored in s ~ ~ i t a b l e  
insulatirig containers. The cold-chain i \  dependent on 
officials remote from the end-users, with little incen- 
tive or the nicans to ensure an a d e q ~ ~ a t e  cold-chain. 

At the district (or provincial) holding centres. the 
electricity supply is ir-regular such that on sorne 
occasions it can reasonably be expected that the 
vaccines will reach room temperature before being 
rc-cooled. And finally. even if vaccines are placed in 
ice before transport to villages. the remoteness of the 
villages often means that the ice is melted some days 
before actual vaccination. 

The projects have addressed thcsc problems by 
directly obtaining and transporting the vaccines horn 
the manufacturing laboratories to the project centres 
and storing vaccine5 in prqject refrigerators with 
access to s~~ppor t ing  power supplies. Previous 
attempts to \upply solar. kerosene or gas refriger- 
ators to districts have not been very successful due to 
the inability to repair the refrigerators when needed 
and an insufficient volume of vaccine sales to pay 
for the fuel. 

Table I .  Sunilil,~~) of ptg dedh rate\ \lncc 7 October 1998 

Improvements in vaccination technique 

An important problem in vaccinating free-ranging 
pigs is the difficulty in satisfactorily restraining pigs 
during vaccination. The method usually employed is 
to attract pigs to a feeding trough and to inject 
suddenly before the pig can react. This often results 
in no or insufficient vaccine entering the pig. but 
such 'vaccinations' are usually recorded as vacci- 
nated anirnals. 

Pig catchers have been tried but have not been 
successful to date. In some of the pig demonstrations 
nientioned below, pigs were individually caught at 
feeding troughs and vaccinated. This is a labour- 
intensive and time-intensive operation. 

Another potential problem is the transmission of 
disease using the same needle for all pigs in a 
village. The prqjects are supplying more needles to 
veterinarians and are empliasising more regular 
changing of needles. 

Quanlitati~e village surveys 

The first village in which the improvements were 
denionstrated was Noong Dc."n 7 October 1998, 
32 pigs were vaccinated and ear-marked. Some pigs 
were free-ranging, some penned. On 24-25 
November, a complete survey was coriducted of all 
66  households in the village" (see Table I ) .  

The results were unexpected and disturbing. In the 
seven weeks since vaccination. more vaccinated pigs 
died (34%) than ~~nvaccinated pigs (26%). No pigs 
were reported as dying within the first two weeks 
after vaccination. Thus increased susceptibility to 
swine fever in vaccinated pigs exposed to swine 
fever shortly after vaccination cannot be an explana- 
tion for the results. Signs of death were reported by 
villagers as similar in both vaccinated and unvacci- 
nated pigs. The rnost common signs were red skin 

Needles were not fi-cq~~enlly changed 111 this deinoi~htr~tio~i. 
" The survey was coriducted by Mdtii. Mai of the District 
Vetcrtni~ry Office, Mr Tunn. Prqjccl Ficld Exter~sion 
Officer, Mr Vu, Ilihtrict Agricult~tral Extensio~i Officer and 
Mr Thoonp, villi~gc pal-a-vctcrinarim. 

V, , ~ ~ ~ ~ n a t c d  . .' on 7 October, 1998 
--- 

Total v~rccd Alive on Died since 

25 Nov. 7 OCI. 
-- 

Total no. 3 2 2 1 I I 
Average ((A ) 100 66 34 

Not vaccinated on 7 October 1998 
- - -- - 

Total not Ali\e on Died \ince 
vaccd 25 Nov. 7 Oct. 



spots arid e!.e discl1;irge. Salivation. fever. throat 
swellings and red intestines Mere reported in some 
dead pigs (not all in the s a ~ n e  pigs): diarrhoea wa5 
not co111111011. 

It is possible that some irregular swine fever 
vaccination had beer1 conducted in thi< village in 
previous years. a5 it is easily accessible by an all- 
\\ eather road. 

In Nove~nber. 1998. 2 0  pigs were vaccinated ~ i t h  
both pasteurellosis and slzine fever vaccines and 
\\ere ear-lagged. By March 1999. 5 unvaccinated 
pigs (of about 50 unvaccinated pigs) had died 
\\lierea\ no \ accinated pigs had died. It is untierstood 
that at the time of reporting. many more unvaccinated 
pigs have died but no vacci~lated pigs. In April 1999 
t\+o \\.caner p i ~ l c t s  \\.ere said by a villager to look 
sick and he expected thern to die within a couple of 
dags. The piglets showed n o  obvious signs of disease. 
Both Mere slaughtered and both had severe button 
~ ~ l c e r s  on the in\ide 01' the large intestine (s~~ggest ive  
of classical SM ine fever). Samples from both pigs 

Table 2. St41nc fc \er  vaccinat~on re\ulta In Naln Tln 21-en. 

were analjsed at the National Veterinary Research 
Institute in Hanoi and both Lvere positive."' 

I t  is most unlikely that any swine fever vaccina- 
tion had ever been prc\~iously conducted in this 
\ illage. M hich unlil the laal bear or 50 \vas very dif- 
l'icult to reach b> \,eliicle. 

~Yain T I / ! .  D o  Keo 

There are fi \e villages in the Nam l'in area. Pigs 
\vere vaccinated and most vaccinated pigs car-tagged 
at the end of May to earl) June 1999. Every house- 
hold was interviewed at the end of August 1999." 
Gross results are presented in Table 2. and \ulnmarj 
results in Table 3. 

On average. there was no benefit from kacci- 
nation. About I I f %  01' pigs died \~ i th in  three months 
after vaccination whether \laccinated or not. It is 

' "  Ackno\\ledgnlent i\ tluc to Dr N?u\cn TICII Dung :inti 
I>r Wiclier Holland 1'01- ii\\i\tance. 
' '  Vaccrn,~l~on &;IS conciuctctl b) 'Llr Kl iam~ny.  Provincial 
Ve te~ in~ i r )  Officer. and village pa r : \ -ve t e r in~~r i ;~~~ .  The 
\ur \e> \\a\ conductctl b) Mr Souhanli. Field E\ten\ion 
Ol'ficer. Ri1ra1 Ile\elopment I-'ro,iect. 

Uunlber present at vaccirintion Uumber \olcl since iii111ibe1- eaten hince Uumher ilieil since 
- \ aceinnlion \,accinalion \ ;~ccination 

Large pig\ Small ~ I S \  

Vat. o I .  \ 'c~c. No1 \ ;lc. V . , Not vac. V;ic. Not \ ac .  Vac. Not Lac. 
~ - -  - - ~ -- ~ ---- 

Warn Tin Village: total 38 lio~rseholcl\. 3 l \4 ~ t h  at l e a \ ~  one pig at time of vaccination. 
I 0 7 9 2 I 2 - 7 2 I 0 1 

Phou Van Neua \ i l l ~ i ~ e :  total 7 1 liou\ehold\. 65 \\itti . ~ t  le;~\t one pig at tinie of \ accination. 
-3 2 11 7 162 - 7 5 8 3 3 2 2 8 

I-'hou \'an T~ i i  \ ~l lage:  total 91 liou\ehold\. 8 0  \\i l l1 at Iea\t one pig '11 Lilile or vnccinalion. 
2 8 7 1 O 152 6 17 1 1 2  12 -? 8 

Yam Tong h c u a  ~ i l l a g c :  total 30 hou\chold\. 28 \\rtIi at Iea\t one pig at time of vaccination. 
I0 65 0 9 0  0 13 I 2 1 I 13 

Uurli Torig Tal \ illage: total 27 hou\eholcls. 26 uitll at lea\[ one pig at time of \:\ccinatron. 
8 35 0 62 1 6 I 13 - 7 I I 

Table 3. Surnrnar-1 dnt;~. pig de;ith\ at N;im Tin in three month\ after vnccin;irion. 

Death rate (%I  

- -  ~ 

Ki31il Trli 
T'liou Van Keua 
Phou Van Tai 
h a m  Ton? Ncua 
i iam Tong Tai 
Total\ and average\ 

Vnc. Not vat. 

Sold + caten (% 



notable that there 1135 been appreciable irregular 
s\h ine fever vaccination in this area for some )ears. 

Villagers tend to increase 5alej of pigs or to 
slaugl~ter pigs (espcci:~lly sick pigs) wllen epidemics 
[-each a village. There is no evidence fro111 the data 
presentecl that the death rate results were distorted by 
\illagers selling or slaughtering sick. ~~nvaccinatcd 
pigs: i n  fact Inore \accinateti pig\ were sold or 
~laughtered than unvaccinated pigs (results for "Jam 
Tong Neua anti N;IIII Tong Tai should be ignored 
because of the very low rate of vaccination in both 
village\). 

Pigs mere vaccinated \\ith s\vine fever vaccine in 
early June 1999 arid ever) household surveyed in 
earl! September 1999" (bee Table 1). 

The death-I-ate in vaccinated pig5 \bas 21% m~thin  
tlirec months of v:~ccin:rtion iuncl 2 1 'ir in un\/:lcci- 
natetl pig\. This \ illage i5 a more progressi\,e \ illagc 
near the Provincial Hec~dquarters. and irregular s\\ ine 
fcvcr vaccination may h:rvc been practised for some 
> eLll~s. 

Laborator? anal? ses 

In addition to the t \ \o salnples sent froni Nga B3. Ky 
Son and positivel) ~dentified as s\+ i ~ l e  fever. another 
one sa11iple was sent to the Natio~lal Veterinary 
Research Centre. Hanoi. from the Ky Son District 
capital of Moung Xen in June 1999. This sample 
also r e t ~ ~ r ~ l e d  positive for swine fever. 

This is in contrast to the situation in Bo Keo. 
\\here. in the last t \+o years. 30 a:ln~ples from dead 
pigs \here 5ent to the Animal Health Prqject in 
Vientilmc. Only two of the 2 0  samples returned 
positi\e for swine fever. Most sample5 mere 
collected from pigs in Inore accessible a r e a  near the 
Llekong River. where s o ~ n e  i l ~ e g ~ ~ l ~ ~ r  swine fever 
vaccination has been conducted for some )ears. 

" I'igr \\el-e vaccinaled h! .Vlr Klielnsuk of the Pro\ inciol 
L~~eatock Otf~cc and \Llr\eyed h! MI- Khanimy of the \am? 
Ol'l'ice. 

The swine fcvcr and pasteurellosi5 vaccine\ ~ ~ s e d  
in the Noong De demon5tration were jent to the 
National Centre for Examination of Velerinary 
P r o d ~ ~ c t s  in Hanoi. Both vaccines were reported to be 
eff'ecti\e.I' I t  has also been reported that an NGO. 
Concern. ha, also tested swine ttver vaccine in Bo 
Keo. bul the result5 are not knonn at the time of 
repol'linp. 

Conclusions and Recomlnendations 

Re5~1lts obtained so far are equivocal. In most 
in5tances. vaccination nith s\+ ine fever vaccine with 
or without pasteurello5is vaccination does not appe;ir 
to be benel'icial. Much credence can be given to 
\,illager opinion thal pig vaccination is ineffective. It 
is possible that prior to project intervention. pig 
vaccination \vould have been less effective than that 
reported above. 11s the projects ncn t  to considerable 
effort to ensure that thc cold-chain u a s  not broken. 

The results obtained so far can he explained b! 
the presence of both s\\ine fever and other fatal 
epidemic diseases in the project arcas. Smine fever 
r~accination Ins! be effective uhcn  correctly stored 
and aci~ninisteretl before the occurrence of a swine 
fever epidemic. But the death of pigs is still impor- 
tant from other cis yet unkno~bn di,e;i\e5. 

Smine f w e r  \,accination appeared to be 1no5t 
effective ln the most remote \ illage m,liere previous 
smi~ie fever vc~ccinarion \ha, 111- likely (Nga Ba, but 
pa~teurellosis \accine was also injected in [his 
village). It would be of interest to %certain mhether 
theve is a difference in the pre\,alence of s u  ine fever 
betneen villages related to the degree of previous 
swine I'ever vaccination. I t  \\auld be of interest to 
monitor the death rate of penned and free-ranging 
pigs. 

Table 4. Suine k \ e r  laccination I-esult\. Nam Khoh \illage, Ho Keo. 

14See H. D. Phali 111 (iib\oli (l909). lu11puhl.l Con\~lltancy 
Report. K> Son Pilor l'rojec~. IINIIC'I'. The \mine k \ e r  
\.accine mas te\ted b! il~ject~on 111to r;thh~th a,hosc tempera- 
lure\ mere monitored. The po\~eurellosis accine \va\ te~ted 
hy it,ject~oll into rahhith a h~ch ucrc then cllallengcd m ~ t h  a 
kno\\ n \ irulent sllnin of pa\leul-ello5is. 

\u~nhcr present at vaccinat~on Number sold \incc hu~~ihc r  caten \lnce Number died \ince 
- \ i~cci~liilio~i \ acci~iation \ accination 

Li~rge pig\ Small pig\ 

Vnc. Not\ac. Vat. Notvac. V;IC. V O ~ \ ; I C .  V;IC. V ~ t v a c .  Vac. Notvac. 
96 3 3 19 79 60 0 0 0 21 2 1 



Tentative recommendations for developlllent 
projects in remote areas of south-east Asia include 
the following. 
I .  Continue close association with research projects 

such as the Animal Health Project in an attempt to 
identify thc cause of pig diseases and eif'ective 
eo~ltrol meawres. 

2. Continue subsidising vaccination demonstraliona 
in villages with em-tagged pigs 2nd with detailed 
monitoring until such time as the pig vaccination 
can he shown to be consistently effective. 

3.  Rctrain para-veterinarians (and officials) in 
improved vaccination procedures (cold-chain 
requirements. effective restraint methods. and 
effective vaccination hygiene). 

4. Assist in providing the means for para- 
veterinarians to deliver vaccines in good con- 
dition to village pigs - provide bicycle transport, 
adcqilate cool-boxes. adequate needles). 

5. Privatise the vaccine supply chain as much as 
possible so that vaccines reach the pigs in good 
co~idition. 111 Vietnam, this could be done by the 
semi-private vaccine-producing laboratory in Ho 

Chi Minh City opening agencies in cities near 
remote areas (Vir~h City for Ky Son): if vacci- 
nation is effective it will be economical for 
village para-veterinarians to travel to Lhe agencies 
to purchase vaccines. In Bo Keo, it could be done 
by village para-veterinarians purchasing directly 
fro111 Thailand; there does not seem to be any easy 
way reliably to send vaccines from Vientiane to 
Bo Keo under consistenlly cool conditions. 

6. Obvious research priorities for swine fever 
vaccines include: 

the development of heat-resistant strains as per 
the heat-resistant Newcastle Disease strains 
developed for poultry under ACIAR auspices; 
and 
the developrncnt of heat markers on vaccine 
bottles, as occurs with some human vaccines. 

Reference 

Vi\ilpanicti. T. and Fnlvey. L. 1980. A \ul.vey of the high- 
land pig ir1duhlt.y. Thai Journal of Agricultu~~nl Science. 
13, 259-267. 



Monitoring CSF Maternal Antibody in Piglets from 
Vaccinated Sows 

Jin 717eihua, Li Jinfu, Li Zhenping, He Xiaohui, Liu Luyu and 
Gao Huafengl 

Cla\\ical in? fc\er (CSF) I, :I conluglou\ iii\ca\c cclustng lo\\c\ to the 1712 indu\tr!. Immuni\- 
ation  ins CSF \accitie i \  a ke) con11-ol rnea\ul-r. Pregnol~l \ow\ \accinntrd u ill1 attenuated \ i r~t \  
\,lccine ~ ranwi t  an~iboti) lo piglet\ \ucking colo~trum. hut i t  can be affected b) the vaccine \,iru\. 
Betot-e the acti\e ttll~rl~ini\~tioti i'urlctioti can he accl~~ired. [lie piglet ma) be tntected. Tlli\ papet 
di\cu\\r\ nloni~oring 01' CSF ms1crn,1l ~~nrihod! for piglcl a\ 11ic ha\i\ for an i~ninuni~) ptnccdure. 

I ~ I \ I I ~ N I S - \ ~ I I O Y  ~ ~ j i n g  CSF ~ a c c i n e  i5  a ike) control 
measure against classical snirie fever (CSF). Much 
re5earcli repost\ that pregnant \OM s \ nccinated \\,it11 
atten~rated v i s ~ ~ s  vaccine produce enough antibody 
that piglet$ wching colostrum r e c e i ~ e  the antibody 
to pre\,erit CSF infection. But the maternal a ~ ~ t i b o d y  
can be affected b). the vaccine virus. 

If the \~lccine  i\ injected too late. the immunity 
efficient) i5 maintained. but the maternal antibody 
le\cl m:ty become lower or clis;~ppc:ts. Before the 
acti\.e 1111111utii~;1tio1l fu~lctioll is acquired. tlie piglet 
ma! be inkcted b) CSF \ ir.11~. 

hlonitor~ng CSF maternal antiboci) for the piglet 
i \  tlie hasij of  a reasonable immunitq p ~ o c e d ~ ~ r - e .  Dif- 
ferent immunitq and vaccine i~ilecting proceilures are 
currentl) ~ ~ s e d  at pig f ; ~ n ~ i s .  To g ~ ~ i d e  tiusbandr) pro- 
duction. i t  i ,  necessary to re\esrch the technology of 
CSF immunity. l 'en sons  and their 80 piglet\' anti- 
bodies ha\e  been rested at pig f l ~ r n ~ s  u$ing an 
indirect c~gp~~la t io r~  te\t. 

Materials and Methods 
'The s~ ine tested 
The snine  tejted ne re  prilniparous s o n s  aged six 
nionths. The CSF clntibody \+as tested tn ice   sing 
tlie indirect agglutatiorl test before the esper i~i~ent .  
S O L ~ S  wit11 antibody levels lo\\er than dilute I :7 were 
selected for the test. Fifteen day' before ~nating. 

' Kunming liu\bandry 31111 \eterinar! \tallon (Kunniing 
Yunnan. po\t code 650224) 

I0 sou s were divided illto t\\ o group\. One group of 
live M 3s irljected \\it11 attenuated virus vaccine culti- 
bated b) testicle cell. T \ \o  of the five were in,jected 
~bith the standard vaccine dose. t h o  Lvere injected 
\\,it11 twice the standard vaccine dose, and one of the 
five \\it11 I'our tinies the jtandard vaccine dose. 'l'he 
other group of five was injected \L it11 CSF cattlt. 
body reaction vaccine. two ~ l t h  the standard vaccine 
dose. trio \\ it11 tnice the stanilard vaccine close. and 
one n it11 f o~ l r  titiles the standard vaccine ciose. 

Vaccine 

CSF :rttcnuated viruj vaccine cultivateti b) calf 
te\ticle cell. Serial No. 98 10. produced by Yunnirn 
Biota Medicinc Factory. 
CSF attenuated virus vaccine culti\ated h) cattle 
body reaction. Serial Yo. 9805. produced by 
Haerhin Veterinary Resenrch Institute. 

Materials for CSF indirect aggulation test 

CSF inciirect aggulation test antigen: 5 1111~ per 
bottle. 
Standard positive serunl 7 mL per bottle. 
Standard negative serum 2 IIIL per bottle. 
Dilute solution. 10 mL per bottle. 
These reagents \\ere offered by Lanzhou Veteri- 

nary Research Institute. 

Serum samples 
All serum collected from swine for te5ting n a s  

recorded according to ear number. After piglets were 



born, serum was collected and isolated at day I .  day 
7, day 14. day 21, day 28, day 35 and day 42. 
Recorded detail included time, sow's number. serum 
number and piglet's number. 

Collecting a 5 mL. blood sample from the vena 
cava was the most practical means of isolating the 
CSF virus and serological testing at the laboratory. 

Operating method 

Testing was according to the indirect aggulation test 
procedure. 

Results 

Detecting sow antibody 

Of the 10 sows, one was diseased L ~ I I ~  one died in 
Caesarean birth (the piglets could not suck colostrum). 
Their antibody level was determined two months 
before the experiment, a half month before mating and 
48 hours after accouchement (see Table I). 

Table 1 .  Sow antibody levcr detccled by IHA. 

Sou 2 nionths Half rnonth 38 hours Mcmory 
No. before bel'ore mating allel- 

test - - - -- accouche- 
Vaccine Result\ ment 

1 1:4 A I m L  1:64 1:32 
2 1:2 A l m L  l :64 I:64 
3 1:2 A 2 mL 1:128 1:64 
4 1:8 A. 2 unL 1:32 1 :32 
5 -- A 4 m L  l:64 1:32 
6 1:2 B 1 mL ] : I6  ! : I6  
7 I :  H l m L  1:32 1:32 C 
8 1:2 U 2 m L  1:64 1 :32 
9 - B 2 mL 1 :2 1.8 D 

10 1:2 B 4 11iL 1:32 1:16 
- - ~- -~ -- 

Note: A = ccll culturcd vaccinc was i~~jectetl;  B = cattle 
reaction vaccine was injectcd: C = died in Caesarean birth: 
D = diseased. 

Table 2. Piglet ~ n a t e m ~ ~ l  antibody level 

Piglet maternal antibody level detected at 
different ages 

Sows were irnmunised using CSF attenuated vaccine 
cultured by testis cell and cultivated in cattle body, 
piglet serum collected and its maternal antibody at 
different ages calculated. 

Piglet maternal antibody level decreased or dis- 
appeared with age (see Table 2). 

Vaccinated sows and newborn piglets which did 
not suck colostrum 

No. 7 sow had difficulty in calving. The antibody of 
her I3  piglcts (born by Caesarean operation) was 
determined at day 2 and day 7. All results were 
negative. 

In eight vaccinated sows. two had serum antibody 
level dilute 1 5 4 ,  five had level dilute 132 ;  one 
dilute 1 : 16. The geo~nctric mean is dilute 1 3 2 .  

Table 3 shows piglet antibody level, determined 
after thc piglets sucked colostrutn. It indicates that 
even though the sows were immunised at the sanle 
lime or had [he same antibody level, even in piglets 
born to the same sow, the maternal antibody demon- 
strated was quite different. 

Discussion 

Because the No. 7 sow died, the 13 piglets born to it 
had no colostrum and the results of IHA are all 
negative. Other reports agree that IgG cannot pass 
placental circulation into the piglet body. It is there- 
fore feasible to inject CSF vaccine before sucking. as 
the vaccine antigen will not con.jugate with the 
maternal antibody. 

Of newborn piglets acquiring maternal antibody 
by sucking, the level can reach dilute 1:256 at day 7, 
and the half-period is about 15 days. As age 
~ncreased. the ant~body level became lower. Its 
poutlve rate IS 45% at day 21. 33.8% at day 28, 

Agc Number 

48 hours 
D,ly 7 
Day 14 
Day 21 
Day 28 
D'i) 35 
Day 42 

- 

Positive Negative 
number t~urnhcr 

Antibody level- detected by IHA 



Table 3. The absorption of maternal antibody by newborn piglets. 

Ear Total "Time IHA Piglet antibody level after sucking colostrum 
No. No. dilute - 

~- - 

piglets 38 hours Day 7 

- - -- -- - - -- 

Note T ~ m e  mem\ the gap between llnmunlty and accouchement. IHA mean\ \ow ant~body level tollow~ng b~rth 

Table 4. Piglet antibody to different doses. 

Dose Item Age 
- - - -- - - - - -- - 

Day 7 II'iy 13 Day 21 Day 28 D'ly 3.5 
- - --- - - - - 

St'lnddrd dose Total 9 8 8 8 8 
Ave~ age 1 63 1 128 1 32 I X 1 2  

T e  ~ c e  st'lndard dose Total 10 I I 9 9 X 
Averdge 1 12 I 256 I 63 1 12 1 2  

Foul t~rnc\ s~anddrd dose Total 12 8 8 7 5 
A\  erdge 1 64 I 256 I 63 1 12 1 3  

18.8% at day 35. and 7.5% at day 42. The possibility 
of infection by CSF virus increases with age. After 
13 days, some piglet antibody levels reached only 
dilute 1 :4 or 1 :2,  and a few had no antibody detected 
by this method. 

Table 3 shows that the relationship between the 
maternal antibody level and the antibody acquired by 
the piglet is not correlated. The maternal antibody 
absorbed by the piglet is decided by how much 
specific IgG exists in the colostrum and what time 
the piglet sucked. So there exist differences among 
the piglets. The sows were vaccinated at the same 
time and had the same antibody level. Piglets born to 
the same sow show obvious differences in acquired 
maternal antibody. The reasons may be as follows. 

First. each sow has different lactogenesis. Second, 
lactogenesis is different anlong the udders of the 

same sow, and the udder is stereotype for each 
piglet. Third, the performance of sucking and 
absorbing is different among piglets. 

Table 4 suggests it is unnecessary to add an 
unlimited vaccine dose, as even a standard dose acts 
well. 
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Classical Swine Fever Virus Sero-Epidemiology in 
Savannakhet Province of Lao PDR 
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Khonsavanh Douangphachanhl, C.J. Morrissy and H.A. Westbury2 

Abstract 

An extensive survey took place in Savannakhet province of Lao PDR in 1999 to determine the 
prevalence of  classical swine fever virus (CSFV) antibodies in vaccinated and unvaccinated pigs, 
using a simple random sampling (SRS) technique. The exercise was also used in training 
mechanism for local staff in survey lechniques. In this paper, details of the technique and its results 
are presented and discussed. 

SAVANNAKET is a province located in south/central 
region of Lao PDR sharing common borders with 
Thailand in the west and Vietnam in the east. A total 
of 15 districts comprising 1543 villages are located 
within the province. As of 1998, the human popu- 
lation of Savannakhet was 671 758 people with pig 
numbers reported as 187 400 head (Anon. 1999). 

In March of 1999, a survey to determine the pre- 
valence of classical swine fever virus (CSFV) anti- 
bodies in Savannakhet province of Lao PDR was 
undertaken. The primary objectives of the survey 
were to: 

determine the overall sero-prevalence of CSFV 
antibodies in the study area; 
determine the sero-prevalence of CSFV antibodies 
in unvaccinated pigs in the study area; 
determine the sero-prevalence of CSFV antibodies 
in CSFV vaccinated pigs in the study area; 
determine the level of CSFV vaccination in the 
study area; 
provide training for local staff in survey techniques. 

' ACIAR project PN AS1194138, Department of Livestock 
and Fisheries, Ministry ol' Agriculture and Forestry, Lao 
PDR. Telcplione: +X56 21 218367. Email: stuart.blecksell 
@dah.c\iro.au 
'CSIRO Division of Animal Health, PO Bag 23, Geelong, 
Victoria. Au\tr~llia. 3220. Telephone: +61 3 52275000. 
Email: hirrvey.wcslbury@dah,c~iso.au 

Four districts, Xaybuly, Khantabuly, Outhoom- 
phone and Atsaphangthong, located close to the 
western border with Thailand, were chosen for the 
study. 

Materials and Methods 
Sampling parameters 

Using the structured s~~rveillance methodology of 
Cameron (1999), a single species survey of pigs in 
the Savannakhet province was undertaken. The 
location of Savannakhet province is shown in 
Figure I .  The selection of the survey parameters was 
chosen following the application of a two-stage 
sampling process that ernployed the simple random 
sampling (SRS) technique (Cameron 1999). The 
two-stage sampling process was employed to break 
the sampling into two steps: 

the selection of the villages: and 
the selection of animals within the selected 
villages, which provided flexibility to optimise 
survey accuracy and cost by the selection of the 
appropriate numbers of villages and animals. 
T o  give an accurate estimate of CSF sero- 

prevalence in the province, the Survey Toolbox soft- 
ware (Cameron 1999) and the following parameters 
were employed. 

Estimated prevalence, variance and costs were 
elucidated from results of a survey undertaken in 
Vientiane Municipality in March 1998. (Livestock 



Figure 1. Location of Savannakhet province and survey 
district area in Lao PDR. 

figures supplied by the Savannakhet provincial live- 
stock office). 

Estimated prevalence: 21.1 094% 
Within village variance: 0.129570 
Between village variance: 0.87995 
Ave population per village: 40 
Total number of Villages 407 
Cost per village: $20.00 
Cost per animal: $2.00 
Confidence: 95% 

From the Survey Toolbox software it was deter- 
mined that a random sample of a total 45 villages in 
the four districts of the province would be selected 
and that a 9.77% (rounded upwards to 10.00%) of 
pigs would be randomly selected for sampling in 
each selected village. 

Logistics and strategy 

The villages to be sampled in the survey were 
informed approximately four weeks prior to the visit 
that a survey team would come to the village on a 
certain date. The afternoon prior to the visit, the 
appointment was confirmed ensuring that all 
livestock owners in the village would be in attend- 
ance. In the morning of the visit, a village interview 
was held, usually at the village headman's house that 
was attended by all livestock owners. A record of all 
pigs was made by the survey team including names 
of owners, species and age of animals. The Random 
Animal Section component Survey Toolbox software 
suite (Cameron 1999) was then used to randomly 
select 10% of the pigs in the village for sampling, the 
animals identified and recorded on a 'bleed sheet' 
and subsequently bled. 

Classical swine fever complex-trapping-blocking 
ELISA 

The classical swine fever complex-trapping-blocking 
ELISA (CSF CTB-ELISA) method developed by 
CSIRO Division of Animal Health, Geelong, 
Australia and the Elizabeth Macarthur Agricultural 
Institute (EMAI), Camden, Australia was employed 
to determine the antibody levels to CSFV in the 
survey sera. 

The CTB-ELISA required the use two micro- 
titration plates, a 96 well U-bottom polypropylene 
microtitre plate which was used as a liquid phase 
incubation plate (referred to as the LP plate) and a 96 
well flat-bottom polystyrene microtitre plate used for 
the ELISA procedure (referred to as the ELISA 
plate) (Nunc, Denmark). The LP plate was blocked 
for potential immunoglobulin binding and incubated 
overnight at 4 OC. An ELISA plate was coated with 
goat anti-CSFV IgG at a dilution of 1 in 5000 and 
incubated overnight at 4 OC. Following incubation, 
the ELISA plate was washed 3 times followed by a 
blocking step. 

The LP plate was divided into 3 equal sections 
(columns 1-4 [section A], 5-8 [section B] and 9-12 
[section C ] ,  Figure 2). Eighty microlitres of serum 
dilution buffer (PBSA + 0.1% Tween 20 + 5% 
Normal Goat Serum (NGS)) was added to the four 
columns of section A of the serum dilution plate fol- 
lowed by the addition of the 20 yL of test serum. For 
every test, each plate contained a quality control 
(QC) titration. A QC serum was titrated in 2-fold 
steps from 1 :5 to 1: 160 (Figure 2). On the LP plate, 
40 FL of the diluted sera was transferred to section B 

A single team comprising one Animal Health and 20 yL of the diluted sera to section C (antigen- 
Division member, one provincial staff member, one free dilution), see plate format for details. CSFV 
district staff member and a Village Veterinary antigen was diluted 1:5 in a 1% NP40 (vlv) in PBSA. 
Worker (VVW) undertook the survey over a 30-day Forty microlitres of the diluted antigen was trans- 
period. One vehicle was required to undertake the ferred to all wells of section B serum dilutions and 
work. 20 yL of 1% NP40 solution without antigen was 
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Figure 2. Layout of samples and contvols on Lf' p1;rtc for thc classical swine Sever complex-trapping blocking ELISA 

added to all wells of section C serum dilutions and 
incubated for 1 hour at 37 "C with shaking. Fol- 
lowing incubation ol' the ELISA plate, 100 pL/wcll 
of blocking solution A was added to all wells and 
incubated for I ho~ l r  at 37 "C with shaking. 

For each plate, 340 p L  of anti-pXO n~onoclonal 
antibody (MAb) was required which was adsorbed 
and diluted prior to use. The 340 p L  of anti-p80 
a no no clonal antibody was mixed with 340 p L  of 
Normal Pig Serum (NPS) and incubated at 1 7  "C for 
15 ~ninutes. Following incubation of the MAb/NPS 
n~ixture, 667 p L  of the MAb/NPS mixture was 
added to 1333 p L  of PBSA + 0.1 '% 'Tween 20. Forty 
~nicrolitres of the diluted MAWNPS mixture was 
added to each of the section B antigen dilulion wells 
and 20 ktL added of the diluted MAb/NPS mixt~lre to 
each of the section C antigen-free dilution wells and 
mixed gently and incubateti at room temperature for 
30 minutcs. At the conipletion of the incubation. the 
ELISA plate received a 3-cycle washing procedure 

and 50  pI, of the scrum/antigen/MAb/NPS solution 
transferred in duplicate to the ELISA plate (Figure 3 )  
frorn each of thc section B antigen serum dilutions 
on the LP plate. T o  one well on the ELISA plate 
(adjacent to serum/antigen/MAb/NPS dilutions), 50  
p L  from section C antigen-free dilutions on the L P  
plate were transl'erred to the ELISA plate and 
incubated for 1 hour at 37 "C with shaking. At the 
completion of the incubation. the ELISA plate 
received a 5-cycle washing procedure and 100 pL/ 
well of rabbit anti-mouse IgG - horseradish 
peroxidase conjugate at 1:1000 (Zymed, IJSA) in 
PBSGT and incubated for 60 ~ninutes at 37 O C  with 
shaking. At the completion of the incubation, the 
ELISA plate received a 5-cycle washing procedure 
and 100 pL/well TR4B substrate was added and 
incubated for 10 nlinutes at room temperature and 
the reaction stopped with 50  p L  of I M  HZSOJ and 
the optical density (OD) read at 450 nm using a 
~nicroplate reader (Labsysterns. Finland). 

l I 2  3 4 
5 6 7 8 9 10 I I 12 

A I I I 9 9 9 17 17 1 7  QC 

B 2 2 2 10 10 

C 3 3 
- - - - 

3 11 19 QC 

11 4 4 4 12 12 I 12 20 20 QC QC 

E 5 5 I3 13 I? 2 1 

F 6 14 14 22 22 Q C  QC QC 
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G 7 7 Neg Neg 
- - 

ki 8 8 8 16 16 16 24 24 

Figure 3. Layout of samplc/antigcn/monoclonal antibody ~rlixturcs when transferred to the ELISA plate for the classical 
swine fever complex-trapping-blocking ELISA. Columns 1-2.4-5,7-8 and 1 0 - 1  1 contain antigen and columns 3 , 6 , 9  & 12 
are antigen free. 
QC = Quality control serum titration. Ncg = Negative. 



Determination of samples containing anti- 
immunoglobulin (anti-Ig) or rheumatoid-like factor 
activity is by the presence of color in the antigen frec 
well. If the anti-Ig factor result exceeds the negative 
control (i.e. O D  max) antigen-free percentage inhibi- 
tion result by greater than 25%, the sarnple result 
was considered invalid therefore discounted. 

Determination of the CSFV antibody status of the 
sample was accomplished by calculation of the per- 
centage inhibition (PI). 

Mean Saniplc O D  
1'1 = 100 - x 100 

Mean Negative Control OD 

Interpretation of the result was as follows. 
Sarnples with a PI <IS'&> were considered negative, 
>IS%) but <25% were considered suspect and sani- 
plcs with a PI >25% were considered CSFV anti- 
body positive. 

Calculation and presentation of survey results 

Survey results to determine the overall and district 
sero-prevalence5 were calculated using the Survey 
Toolbox software and maps were constructed using 
Arcview 3.0 software (ESRI, USA). 

Results and Discussion 

The villages santpled, pig numbers and the numbers 
of pigs selected in village are presented in Table I 
and overall seroprevalence results for each of the 
districts are prescnted in Table 2. Overall, in the four 
districts studied, 11.94'h of the pigs were CSFV 
antibody positive. In Khantabo~~ly  district, 16.28% 
were positive, Xaybuly district 19.23% were 
positive, Outhoomphone district 7.98%) were positive 
and Atsaphangthong district 3.53% of the pigs were 
CSFV antibody positive. A map indic:rting the pcr- 
centage CSFV sero-prevalence in each sampled 
village is presented in Figure 4. In the study area, of 
the 204 pigs surveyed, 195 of the pigs were unvacci- 
nated for CSFV. Overall, 12.05% of the pigs were 
CSFV antibody positive. In Khantabouly district, 
17.44%) ol' the pigs were positive, Xaybuly district, 
16.35% of the pigs werc positive, Outhoomphone 
district 7.98% of the pigs were positive and 
Atsaphangthong district 3.53'k of the pigs were 
CSFV antibody positive. 

With regard to CSFV vaccinated pigs in the study 
area, of the 204 pigs surveyed, only 9 (4.44%) of the 
pigs were vaccinated for CSFV of which 4 (44.4%) 
gave an antibody response greater than the CSF  

, I able 1 .  Survey village names and locationh. Pig population and the nunlber of pigs selected ~isir~g randomis:ition techniques 
are ;rlso prc\cntcd. 

I 

Village I>istrict Pig No. Villagc I)islrict Pig No. selected 
Pop. selcctcd 1 Pop. 

- - - -  - -- - - - -- 

Ban Nongdcn Khanlhabouly 23 2 1 Ran Nalaikhok Atsaph;wgtliong 72 7 
R;rn Congkan Klianrhabouly 16 2 Ban Sisaphanxai Atsnphar~grhong 22 3 
Hi111 Ilr~igdhi~niihan Kha~ltlirhouly I9 2 Bail Dongni;irkhon Atsaphangthong 59 h 
Ban Yxng Ktiantliabouly 71 7 I Ban Lhr~ofiglh Xayhuly 20 2 
Ban I'lio\y Kli~inthabouly 18 2 Ran Nh;~oneu;r Xayhuly 53 6 
Ban Pho~iesavang Khnnthabouly 100 9 Ban Nho~isesavanc 

I 
Xayhuly 103 10 

Bar1 Nnlehrro Kharithahouly 17 2 Ha11 Marlilad Xayhuly 18 2 
Ban Ladsavangxai Khanth~rhouly 35 4 Ban Veuneneua Xaybuly 46 5 
Ban Nhonsavath Khu~lthabouly 47 5 Biun Hathsaisl~oliong~hoi Xaybuly I 0 2 
Ban Phoneserntha~ Khrrnthabouly 135 15 Ban Nhongyang Outhooniplionc 14 2 
Br~rl Dongkhornluang Khn11thahouly 29 3 
Bail Nainphoulhai Khanthabouly 41 5 
Ban Munngkl:rineua Khunthahouly 103 10 

Ban Pharkliayna Outhoomphonc 60 h 
Ban Khokneua Outhoomphone 36 5 
Ban Tha~npha Outhoomphonc 12 2 

Ban Phonsoinchong Kha~~tlnabouly 82 Ban N;ikheineka~ig Oulhooinphone 15 2 
Ban Plionesykeo Kliarithahouly 26 3 Ban Phonnahhaune Oulhoornphone 28 3 
Ban Phonetlirin Khantliahouly 5 1 6 1 Ban Nhonehang Outhoornphone 23 3 
Ban Phalai Atsapharigtho~ig 1 1  2 
Ban Nonghay Atsuphr~ngthong 19 2 
Ban Naphangkhok Atsaphangthong 10 4 
Ban Chcilrunonthr~j Atsaphanglliong 87 9 
Ban Tahongphet Atsaphangthong 28 3 
Bnn Nhongpaksong Arsaphangthong 73 7 
Ban Nhor~liarig At\aphangthong 73 7 

Ban Nakhilekngai Outhooinphone 23 3 
Bail Nnkhiui~ Outhoompho~lc 3 1 3 
Ban Phonesavang Outhoornphonc 26 3 
Ban Phonethounc Oulhoomplionc 37 5 
Ban Dongmargnevc Oulhoomphone 8 2 
Ban Manivingthai Outhoomphone 3 2 
Total 19 10 201 ( 10.680) 

- -~ -- - - - p~ -~ -- - -- -- - -- - - -- - - -- - 



Table 2. Results of overall and unvaccinated CSFV antibody prevalence in survey districts of Savannakhet. 

District Prevalence (%,) 
- - p~ -- 

Khantabouly 16.279 
Xaybuly 19.231 
Outhoomphone 7.982 
Atsaphangthong 3.525 
Overall 11.923 
- -- - - 

C1 = Confidence Interval. 

Overall 
Variance 

Unvaccinated 
Prevalence (56) Variance 

Percentage of CSFV ant~body 
posltve plgs In survey vlllages 

'L-. , Outhoomphone \ ', -L- Y \> 

, t - 

'\ \ Atsaphangthong 
\, . -- ,) I . ; , --' --. % ,- 

100 Kilometres 

Figure 4. Geographical representation of the prevalence of CSFV antibodies in villages in the survey area. 

CTB-ELISA screening dilution of 1 %  The overall 
percentage of CSFV vaccination was very low 
(Fig~tre 5 )  as vaccination was only practiced in 2 of 
the 45 (4.44%) villages surveyed. Reasons for low 
levels of participation in vaccination programs in 
Lao PDR may be due to a number of reasons. 
Sodarak ( 1998) suggested that diminished credibility 
of vaccines to unexplained livestock deaths, 
probletns with vaccine cold chain resulting in 

compromised vaccines, erratic supply of vaccilies, 
low levels of interest in pig vaccination and a lack of 
training of VVWs contributed to the low overall 
vaccination numbers. 

Given the overall low level of CSFV vaccination, 
there was still a significant level of CSFV antibodies 
observed in unvaccinated pigs. The majority of these 
antibodies were observed in pigs under 6 months of 
age (Figure 6) accounting for a total of 4.93% of the 
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Figure 5. Geographical representation of the percentage of pigs in the survey villages that are CSFV vaccinated 

total unvaccinated CSFV positive pigs. Nevertheless, 
in the age range 9-10 months, there was a higher 
than expected number of unvaccinated CSFV- 
seropositive animals (3.45%) that may be accounted 
as CSFV persistently infected animals. 

To ensure that a representative sample of animals 
was assessed during the serological surveillance, 
randomisation techniques were employed to provide 
confidence in the serological prevalence results. 
Cameron (1999) invesrigated the use of active sur- 
veillance techniques. 

Methodologies were employed for the planning 
and analysis of the serological surveys. To calculate 
the number of villages and the proportion of animals 
from each village, Survey Toolbox (Cameron 1999) 
was used to perform requisite calculations following 
the input of necessary parameters. 

The SRS technique is considered to be the most 
appropriate sampling technique when there is a 
reliable sampling frame for the villages in a district 

(as is the case in Lao PDR) but the livestock popu- 
lation data are unreliable (also the case in Lao PDR) 
(Cameron 1999). During the survey, we found the 
Survey Toolbox software suite and randomisation 
methodologies for disease surveillance to be suitable 
for such undertakings in Lao PDR. 
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Clinical, Pathological and Diagnostic Aspects of 
Classical Swine Fever 

K.R. ~ e ~ n e r l  and S. Porntrakulpipat2 

Chronic CSF virus infeclion has been defined as a lethal disease with a duratiorl of 30 days or 
more. In adult animals, CSF virus olien induces only transient infections with few mild clinical 
and pathological signs. CSF virus has the ability to cross the placental harrier and to infect 
foetuses. The laboratory diagnosis of CSF is based on detection of viral antigen, isolation of virus. 
demonstration of virus-specific antibodies and detection of viral RNA. In the case of virus 
isolation or antigen detection, the advantages of monoclonal antibodies of different specificity are 
used to allow an unambiguous differentiation between field and vaccine strain.; of CSF virus. or 
between CSF virus and other pestiviruses. 

CLASSICAL swine fever (CSF) is a fatal viral disease 
affecting pigs and wild boar. The infection causes 
major econornic losses especially in countries with 
an industrialised pig production system. Eradication 
programs of the past decades have been successful to 
a great extent in North America, Australia and some 
European countries. 

The causative agent-the CSF virus-is an 
enveloped RNA virus and belongs to the Pestivirus 
genus of the Flrtr.iliricirte family. It is related to 
bovine viral diarrhoea (BVD) virus of cattle and 
border disease (BD) virus of sheep. This relationship 
may have severe diagnostic consequences as cross- 
reactions do  occur and can lead to false positive 
results. 

The CSF virus is relatively stable in moist 
excretions of infected pigs and fresh meat products, 
including ham and salami type sausages. It is readily 
inactivated by detergents, lipid solvents, proteases 
and common disinfectants. 

' National Swine Fevel- Laboratory, Federal Research 
Centre for Virus Disea.;es of Anirnals, Hoddenblick Sa, 
D-17398 In\el Rienis. Germany. E-mail: klaus.robert. 
depner@rie.bfav.de 
' Khon Kaen University, Department of Vetel-inary 
Medicine. Khon Kaen 30002. Thailand, E-niail: sarthor~i 
@kku.ac.th 

The clinical course is determined largely by a 
variety of host factors. However, the severity of CSF 
virus infections has often been related solely to the 
virulence of the virus involved. Highly virulent, 
moderately virulent as wcll as avirulent CSF virus 
strains or isolates have been described. This classifi- 
cation was made by taking into account mortality 
rates as well as epidemiological and clinico- 
pathological findings. However, viral virulence alone 
does not determine the course of the disease. The age 
of the pig at the time of exposure, its immunological 
reactivity as well as the dose of the infecting virus 
were shown among other factors to be of utmost 
importance. In addition, variations in nutrition and 
immunological or biochemical polymorphism of the 
infected pigs might be important factors. 

CSF has been categorised according to the time of 
infection as pre and post-natal infection or according 
to the clinical course as peracute, acute, subacute, 
chronic and late-onset form. However, it has to be 
kept in mind that under field conditions on a herd 
basis several forms of CSF are occurring simultane- 
ously and the overall clinical picture might be rather 
confusing. The chronic and the late onsct diseasse 
especially. which are persistent infections, are often 
difficult to diagnose clinically and pathologically. 
These forms are mainly responsible for the perpetua- 
tion and survival of the CSF virus in the pig 
population. 



Pathogenesis of CSF 

Under natural conditions. the mode of entry of CSF 
virus in the animal is the oronasal route and the ton- 
sils are the primary site of virus replication. CSF 
virus was demonstrated in the tonsils as early as 
seven hours post exposure. No virus has been 
detected in other tissues of the oral cavity within 
24 hours following oral exposure. It is interesting to 
note that, after intrarnuscular and subcutaneous 
application, CSF virus was found most consistently 
and in a continuously high concentration in the 
tonsils. 

The virus initially infects epithelial cells of the 
tonsillar crypts and subsequently spreads to the sur- 
rounding lymphoreticular tissue. From the tonsils, 
CSF virus is transferred via lymphatic vessels to the 
lymph nodes draining the tonsillar region. After rep- 
licalion in the regional lymph nodes the virus 
reaches all other organs of the body via the blood. 
High titres of virus have been measured in spleen. 
bone marrow, visceral lymph nodes and lymphoid 
structures lining the small intestine. As a result of 
virus niultiplica~ion in lymphoid tissue and in circu- 
lating leukocytes and  non no nuclear cells. the virus 
titer in the blood during viraemia might be very high. 
The virus probably does not invade parenchymatous 
organs until late in the viraemic phase. Generally. 
CSF virus titres in lymphoid tissues are higher than 
in parenchymatous organs. The spread of virus 
throughout the pig is usually completed in 5-6 days. 

It has been shown that CSF virus affects the 
immune system. A main characteristic is generalised 
leukopenia which is usually seen before the onset of 
fever. From inimunofluorescene studies, there is 
ample evidence that the CSF virus has a distinct 
affinity to cells of the lylnphoreticular organs. In 
these organs. the virus causes severe depletion of 
lymphocytes affecting both B cell and thymus- 
dependent areas. Thymus and bone marrow atrophy. 
as well as generalised depletion of lymphocytes. 
have been recorded wherein a B lymphocyte 
deficiency was prominent. 

Postnatal Infection 

Peracute, acute and subacute form 

The severity of the postnatal infection (Figure I ) ,  
which is the most common form. depends mainly on 
the animal's age at the time of exposure, its immuno- 
logical reactivity as well as the virulence of the 
virus. Today. the peracute form of the disease 
appears to be the exception and acute and subacute 
forms are seen predominantly. 

Pigs with peracute CSF show little more than a 
rise in body temperature to about 41 "C before they 

die 2-5 days after exposure to the virus. In these 
cases. post-mortem changes are essentially those of 
shock with pulmonary congestion and edaema and 
congestion of the liver and gastro-intestinal tract. 
Usually, there is little evidence of h a e m o ~ ~ h a g e .  

In acute cases, early symptoms like high body 
temperature ( ~ 4 1  "C), inappetence and apathy can be 
seen after an incubation period of about 3 to 7 days 
(Figure 2 ) .  The progression of the disease is marked 
by conjunclivitis. nasal discharge, intermittent 
diarrhoea. swollen lymph nodes (Figure 3 )  and 
muscle tremor. The terminal stage is characterised 
by 'typical' skin cyanosis mainly on ears. nose. tail 
and abdomen and skin haemorrhages of different 
grades (Figures 4. 5 )  predominantly over bone pro- 
tuberances. Sick animals show weakness of the hind 
legs (waving or staggering gait) which is often 
followed by a posterior paresis. Leukopenia and 
thrombocytopenia are common findings. The pre- 
dominant post mortem findings consist of haemor- 
rhagic diathesis and swollen. haemorrhagic lymph 
nodes. However, the severity of pathological lesions 
can vary widely (Figures 6. 7). 

Animals which do not die within four weeks of 
infection either become convalescent developing 
high titres of neutralising antibodies or they become 
chronically ill remaining persistently infected with 
CSFV. 

Chronic CSF 

The chronic CSF virus infection has been defined as 
a lethal disease with a duration of 30  days or more 
(Figure 8). Based on the clinical signs. three phases 
of chronic CSF can be distinguished. In the first 
phase of illness. anorexia. depression, elevated tem- 
perature, and leukopenia are present. After several 
weeks, the appetite and general appearance of the 
pigs improve and the temperatures decrease to 
normal or slightly above normal values. Leukopenia 
usually persists. This general clinical improvement is 
characterislic for the second phase of illness. In some 
animals. low titres of neutralising anlibodies can be 
detected during this phase which is about one month 
after infection. In the third phase. pigs again become 
anorectic and depressed. Intermittent fever is noticed 
while the body temperature seldom rises above 
41 "C. Growth retardation. wasting and diarrhoea are 
the most evident signs. Such pigs have skin lesions. 
and frequently stand with arched backs (Figure 9). 
Pigs with chronic CSF may survive for more than 
100 days. Secondary bacterial and parasitic infec- 
tions are frequently involved. Thus, the clinical pic- 
ture may often be ~~ncharacter is~ic  and misleading. 
There is little evidence of petechial hae rno~~hage  in 
chronic CSF. In the large intestine, button ulcers are 



Figure 1. Clinical course of postnatal CSF. 
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Figure 2. Acute course of CSF. 
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Figure 5. Acute CSF, Map-like confluent haemorrhages. 



Figure 6. Acute CSF, haernonhages on different organs. 

Figure 7. Acute CSF, epiglottal haernonhages. 



Months post infection 

r y  - ntibc 

Figure 8. Chronic course of CSF. 
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Figure 9. Pig with chronic CSF. 



occasionally seen which are followed by more 
diffuse diphtheroid-necrotising enteritis (Figure 10). 
The lymph nodes show only hyperplasia. 

Although the chronic form of CSF is a rather rare 
event, it might play an important role in the 
spreading of the infection since these persistently 
infected pigs continue to excrete CSF virus. 

Prenatal Infection and Late Onset Form 

In adult animals, CSF virus often induces only tran- 
sient infections with few mild clinical and patho- 
logical signs. In seronegative pregnant sows, 
reproductive failure frequently occurs. CSF virus has 
the ability to cross the placental barrier and to infect 
the foetuses. The outcome of transplacental infeclion 
depends on the gestational stage and the ininiuno- 
competence of the foetus. The infeclion can result in 
embryonic or foetal death leading to abortions. tera- 
togenic n~alformation of the foetuses. mummifica- 
tion. slillbirth, neonatal death as well as in clinically 
healthy offspring persistently infected with CSF 
virus (Figure I I). Stillborn and/or mummified 
animals may be present along with viraemic and 
non-infected piglets in one litter (Figure 12). Early 
infections of pregnant sows (before day 31 of 
gestation) usually result in abortions and stillbirths, 
whereas later infections (before day 85 of gestation) 
yield viraemic animals. The development of the 
immune system enables the foetus to combat infec- 
tions after about day 85 of gestation. Inoculation of 
virus after day 85 of pregnancy usually yields 
normal, non-viraemic animals. However. viraemic 
animals can also be induced with low virulent virus 
strains when foetuses get infected during the late 
days of pregnancy or even shortly after birth. That is 
probably equivalent to the chronic form in postnatal 
infection. 

Only persistently viraemic piglets which became 
infected in utero develop the late onset disease. This 
form of infection is not always clinically and patho- 
logically evident. It is characterised by an initial, 
relatively long period during which viraemic piglets 
remain free of disease. Colostrum-derived antibodies 
can only be detected for a short time compared to 
non-viraemic litter mates. Not until a few weeks 
after birth the piglets develop mild anorexia and 
depression, conjunctivitis. dermatitis. diarrhoea, and 
loconlotive disturbances leading to posterior paresis. 
Lesions characteristic of acute CSF. particularly 
petechial haemorrhages. are not present. Body tem- 
peratures are normal. Growth retardation is the most 
common finding (Figure 13). These viraemic piglets 
are permanently shedding virus until they die. They 
can play a key role in the spread of CSF virus within 
the pig population. Most pigs survive (unrecognised) 

for several weeks, but all eventually die. The longest 
survival time for a viraemic piglet has been reported 
to be I I months. 

Diagnosis of CSF 

A tentative diagnosis of CSF can be made in the 
field if a thorough history is obtained and clinical 
signs and necropsy lesions are carefully observed. 
Important points in the history are recent introduc- 
tion of pigs into the herd, swill feeding, fertility 
problems (e.g. abortions, still births) or high mor- 
tality rate. 

In acute CSF infection. a marked leukopenia is 
associated with the initial rise in body temperature. 
The leukopenia persists until death or recovery and 
is found in chronic CSF infection as well. Tonsils, 
mandibular lymph nodes and spleen are the most 
appropriate tissues for virus detection. 

The laboratory diagnosis of CSF is based on 
detection of viral antigen, isolation of virus, demon- 
stration of virus-specific antibodies and detection of 
viral RNA. In case of virus isolation or antigen 
detection, the advantages of monoclonal antibodies 
of different specificity are used to allow an unambig- 
uous differentiation between field and vaccine 
strains of CSF virus, or between CSF virus and other 
pestiviruses. 

For antigen detection the direct immunofluores- 
cence test (FAT) is widely used. The test is both rapid 
and reliable. and is employed to detect CSF virus in 
cryostat sections of tonsils, spleen, lymph nodes, 
kidney or ileum. The result can be obtained within 
2 hours after the specimens reach the laboratory. 

Isolation of CSF virus in cell cultures is regarded 
as the most sensitive method but more time con- 
suming than FAT. Virus isolation can provide con- 
firmation in cases where the DIF is suspicious. The 
result can be obtained 3-5 days after the specimens 
have been processed. The buffy coat and homo- 
genised lymphatic tissues are the materials of choice 
for virus isolation. 

For large-scale screening, antigen-capture enzyme- 
linked immunosorbent assays (ELISA) have been 
developed. These ELISA have a good specificity and 
require less-specialised facilities and can be per- 
formed much more rapidly than virus isolation. HOW- 
ever, their sensitivity is below the sensitivity of FAT 
or virus isolation on cell culture. Reliable results are 
obtained only with samples from pigs already mani- 
festing clinical signs (e.g. fever). Therefore, the use 
of antigen ELISA has to be linked to the clinical 
examination of the animal. It makes no sense to use 
antigen ELISA for screening healthy pigs. Due to 
lower sensitivity. the antigen-capture ELISA can be 
used only on a herd basis. 
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The development of molecular biology has con- 
tributed to the introduction of highly sensitive and 
new diagnostic approaches. Reverse Transcription 
Polymerase Chain Reaction (RT-PCR) is nowadays 
a standi~d method for CSF diagnosis. The sensitivity 
and specificity of RT-PCR is claimed to be com- 
parable to that of virus isolation or even better. 
RT-PCR, however, is at present not suitable for 
screening large numbers of samples. 

In regions were vaccination against CSF is not 
applied, antibody detection is a useful and comple- 
mentary diagnostic tool for epidemiological investi- 
gations and far suspected fitrms where the usual 
virus detection pracedures have failed. Several tests 
are available for the detection of CSF antibodies. 
The flrtorc.sc.cnt antibody virrrs net~trrrlisatim tr.vt 
and the nerctralising pero.viase-linked as.vuy are the 
most commonly used techniques. 

Although the neutralisation tests cans ided to 
be the most sensitive and specific tests, they are time 
consuming and not suitable for automated systems 
and large-scale screening. To achieve these 

purposes, several ELISA techniques using specific 
monoclonal antibodies have been developed and are 
commercially available. The tests are essentially 
based on two formats: non-competitive ELISA and 
competitive or blocking ELISA. The sensitivity of 
the ELISA is regarded to be below the sensitivity of 
the neutralisation tests. Therefore, the ELISA can be 
used only on a herd basis. The ELISA technique 
requires less-specialised facilities and can be per- 
formed much more rapidly due to automated systems 
than the neutralisation test. Large numbers of sera 
can he examined within a short period of time. All 
ELlSA systems are subject to occasional difficulties 
in interpretation. It is the~fore  essential to have 
access to a neutralisation test for investigation of 
seri which gave inconclusive ELISA results. 
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Strategies for Epidemiological Surveys in 
Developing Countries 

Angus Cameron 

Accurate inforn~ation on the health of livestock populations is important to enable veterinary 
decision-makers to target appropria~ely disease control activilie\. Thi\ information is most 
commonly collected by pa\sive surveillance techniques, which sutler fr-o~n a number of weaknesses. 
Active surveillance, or the use of structured epide~~~iological surveys, can overcome these weak- 
nesses, but only if' appropriate survey design and sampling procedures are ~ ~ s e d .  This paper examines 
thc requirements for epidemiological surveys in developing countries, and discusses the costs and 
benefits of techniques for collecting data truly representative of the population under study. 

LIVESTOCK diseases continue to have a major impact 
on the livelihoods of the rural population in many 
developing countries around the world. Not only 
epidemic diseases like haemorrhagic septicaemia, 
foot-and-mouth disease, Newcastle disease of poultry 
and classical swine fever of pigs, but chronic and sub- 
clinical diseases such as parasitism have a serious 
impact on livestock production. In countries like Lao 
PDR, a large proportion of the GDP is derived from 
agriculture, and a significant proportion of that is 
from livestock. Decreased production due to disease 
may the]-efore hamper national development and the 
prospects of international trade. More important, 
however, is the impact of disease on the individual 
smallholder farmers. Livestock may be a source of 
food (meat, eggs, milk), fuel and fertiliser (dung). 
draft power, and a form of savings. Death of livestock 
or decreased production due to disease can have a 
devastating impact at the individual farrncr level. 

Controlling livestock diseases in developing 
countries has the potential to bring improved security 
and poverty alleviation to the rural population 
through decreased losses and increased production 
from livestock. The task of livestock disease control 
in developing countries is hampered by problerns of 
inadequate resources, funding, skills, transport and 
conln~unication infrastructure and farmer awareness. 

I Australian Vctcrinary Anirnal Health Sesvices, 140 Fall\ 
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etc. These problems, particularly the often severe 
lack of funds to carry out extensive disease control 
activities (e.g. vaccination programs) mean it is 
imperative that available funds are utilised as effec- 
tively as possible. Wastage of resources in any 
situation is regrettable, but when resources a]-e 
critically scarce, all efforts must be made to ensure 
that wastage is minimised. 

The way to avoid wastage of resources for live- 
stock disease control is to target available resources 
to areas of need. and in such a way that they have the 
greatest possible beneficial impact. Targeting the use 
of available resources appropriately is the responsi- 
bility of the veterinary services managers (decision- 
~nakers)  and requires a wide range of information. 
which may include: 

what ciiseases are present; 
where they are present: 
what the impact of these diseascs is: and 
what control strategies are available to combat 
them. 
The quality of the decisions, and therefore the 

efficiency with which resources are targeted, 
depends on the quality of the information on which 
the decisions are based. To ensure appropriate 
decisions, there are criteria which information used 
by decision-makers should meet, ideally: 

precise-the information on the level of disease or 
other factors should not be broad approximations. 
They should be not only reasonably precise, but 
also of known precision. so that we can say, with 



a certain probability or confidence, in what range 
the true value lies; 
unbiased-the information should be close to the 
true value; 
population-based-the information should relate 
to, and be representative of, the pop~~lation as a 
whole, not just a portion of it; 
timely-information should be up to date, 
reflecting the current situation; and 
relevant -pertaining to current problems. 
The collection of this information is often done 

incidentally, or as an afterthought, leading to infor- 
mation of less than ideal quality. There is also often 
rcsistancc among veterinary services to expending 
resources on the collection of information, based on 
the attitude that it takes resources away from the core 
work of the organisation (e.g. extension, clinical 
services or vaccination programs). However, without 
the appropriate information, other activities may be 
being conducted in an inefficient or indeed wholly 
inappropriate way, and achieving little benefit. 

A simple example of the need for appropriate 
information is provided by a foot-and-mouth disease 
vaccination program. Different serotypes may be 
responsible for the disease. Vaccines are serotype- 
specific, offering no cross-protection for other sero- 
types. It is not ulicornrnon to have multiple serotypes 
present in the same area. One type of information 
required by decision-makers is which serotype or 
serotypes are causing the disease. Comrnonly the 
decision is based on a limited nu~nber of samples 
which may not be representative of the entire popu- 
lation. This could lead to the selection of a vaccine 
that fails to offer protection against one or more of 
the serotypes causing disease. 

This provides an example some of the problems in 
the most common approach used in all countries to 
collect information about animal health-passil,c 
suri*eillur~c~c. In passive surveillance, a report or 
piece of information on livestock diseases is initiated 
by somebody other than the veterinary services, such 
as the livestock owner. The owner, in response to 
noticing a disease in his animals, notifies the local 
veterinary services. This may result in an investi- 
gation, samples being collected, and a report or 
laboratory submission being made. In passive sur- 
veillance. veterinary authorities have little control 
over where reports originate or how often they are 
made, as they depend on the observations of people 
outside the veterinary services. 

Passive surveillance systems are useful to gain a 
general picture of important diseases present, to 
respond to disease outbreaks. and to identify the 
incursion of new diseases. However, information 
collected through a passive surveillance system is 
usually inadequate for the purposes of informed 

decision-making and targeting resources, because it 
does not meet the criteria listed above, and com- 
monly suffers from the following problems. 

Under-reporting-many relatively minor or 
chronic diseases may never be reported, as 
farmers believe that they are normal or that 
nothing can be done about them. Even with more 
significant epidemic diseases, reporting levels 
may be as low as five per cent due to communi- 
cation difficulties or lack of public awareness. 
Under-reporting means that the true level of 
disease and the true impact of the disease cannot 
be calculated. 
Slow reporting-passive disease reports are often 
very slow to travel from the farrner to the 
decision-makers. A major disease outbreak may 
be virtually over before veterinary authorities are 
informed. This makes control, and indeed investi- 
gation, very difficult. 
Bias-various parts of the population are much 
more likely to report disease than others. This 
includes farmers closer to major centres with good 
transport and communication infrastructure, as 
well as richer and better educated farmers. As a 
result, the pattern of disease reports does not 
reflect the true distribution in the population. It 
may lead to incorrect conclusions, for example, 
that disease is more common among larger herds 
or in certain intensively farmed areas. 
Unable to calculate rates or prevalences-many 
measures of disease rcquire a knowledge of the 
underlying population. Passive surveillance pro- 
vides only information about reported disease 
events, but gives no information on the population 
in which the disease events occurred. This makes 
it irnpossible to comparc the level of disease in 
one area with that in another, making targeting 
disease control activities more difficult. 

Epidemiological Surveys 

Ac.ti1.e su~-~~cillanc~c describes data collection in 
which the veterinary authorities initiate the activity. 
Because the collection of information is controlled 
by the people who will use the information, it is 
possible to ensure that its quality is high and that it 
provides the type of information needed for informed 
animal health decision-making. One of the most 
common and useful forms of active surveillance is 
the use of epidemiological surveys. 

Surveys are structured data collection exercises 
that aim to gather information that can be used to 
answer particular questions. Surveys can be designed 
and executed by veterinary services staff, and so the 
way in which data are collected, and its quality, can 



be closely controlled. Surveys generally have quite a 
specific objective, such as to detcrmine the preva- 
lence of a particular disease, to establish whether a 
discase is prcsent in a country or province, or to 
riieasure the impact of a disease. 

Surveys may produce data of high quality that 
meets all the criteria for the provision of useful infor- 
mation listed above. However, to achieve it, they 
must be carefully designed and executed. Poorly 
dcsigned surveys can suffer from many of the same 
problems as passive data collection systems. In fact, 
a poorly designed survey can cause more darnage 
than in~iccuratc passively collected data, for two 
reasons. Firstly, surveys cost money and occupy staff 
time and resources. If the infomiation derived from a 
survey does not reflect the true situation, and does 
not improve the ability of decision-makers to 
manage livestock discase problems, then lnoncy and 
resources have been wasted. Secondly, it is widely 
recognised that information from surveys is more 
reliable than information collectcd through passive 
surveillance. If a poorly designed survey produces an 
incorrect result (one which does not reflect the real 
disease situation in the field), decisions made and 
actions taken on the basis of those results co~l ld  well 
fail to achieve useful disease control, and result in a 
further wastage of scarce resources. 

Thc desirable charactcristics of a discase survey 
for developing countries are that the survey is: 

rapid-surveys that require long periods of time 
for data collection are often too expensive to 
implement, and provide results that are out of date 
by the time they are available: 
inexpensive-surveys require rnoncy to run. If a 
survey is to be used in a developing country, its 
cost must be kept as low as possible, while still 
meeting the need for q ~ ~ a l i t y  irit'ormatio~i; 
precise-inforriiatio~~ should not be too approxi- 
mate. Precision is largely related to the sa~nple  
size which, in turn, is related to ttie cost and dura- 
tion of a survey. It may often be appropriate t o  
design a less precise survey in order to make it 
faster and cheaper: 
~~nbiased-this is one of the most important 
characteristics. 'The results of the survey n ~ u s t  be 
correct. in that they reflect ttie true situation in the 
field. Any significant biases have the potential to 
completely undermine the value of the survey, and 
to result in poor decisions. The most significant 
causc of bias in livestock surveys in developing 
coi~ntries is through inappropriate sampling tech- 
niques; and 
practical-the best-tiesigned survcy is of no use in 
a developing country if it cannot be practically 
implemented. Survey designs must be a corn- 
pro~iiise belween collecting the best possible 

quality data and working within the constraints of 
the local environment. 

A range of survey designs for specific purposes 
has been developed to meet the needs of developing 
countries (Cameron 1999). Various aspects ainl to 
ensure practical application, that surveys can be con- 
ducted quickly and at low cost. However their most 
important aspect is the techniques used to ensure that 
the survey results are correct-that is, that they are 
not biased. 

Many surveys measure a population characteristic, 
such as disease prevalence. For any given popu- 
lation, there is a true value for this characteristic, 
which the survey aims to estimate. We  cannot know 
the true value unless we examine every animal in the 
population, so every survey that examines only a 
sample has a degree of ~~ncertainty in the result (the 
variance) related to thc sample size. If a particular 
survey was repeated many times using exactly the 
same design, it is likely that a range of different 
results would be obtained. Bias is a theoretical value 
that measures the difference between average of the 
results froni many identical surveys (the expected 
value) and the true value in the population. In a well- 
designed survey, these values are the same, and there 
is no bias. 

One of the most common situations in which bias 
occurs is when the sample selected is not represen- 
tative of the population as a whole. Consider this 
hypothetical example. A serological survey may be 
used to assess the effectiveness of classical swine 
fever vaccination programs. The survey design 
dictates that 40 blood samples are required to calcu- 
late the proportion ol' pigs with protective antibodies 
against the disease. The collection of blood samples 
from pigs is a tiring and noisy exercise, but is much 
easier when there are good facilities and staff 
willing to help. The survey team therefore elects to 
visit a number of larger piggeries for the blood 
collection. as it will be faster and easier. Once 
analysed, the survey concludes that the level of pro- 
tection afforded by the current vaccination program 
is adequate, and that no further public education 
programs are required to increase the uptake of 
vaccination. Unfortunately in the area being studied, 
the larger piggeries make up a minority of the pig 
population. as there is a large number of smallholder 
or backyard pig farmers. The uptake of vaccination 
on the larger piggeries is quite high, but very few 
sn~allholder farmers are able to afford it. In this 
example, the use of an inappropriate sarnple results 
in an incorrect conclusion from the survey. In turn, a 
decision is rnade (not to attempt to increase public 
awareness) which could lead to a failure better to 
control ttie disease. 



To avoid this sort of problem, it is neccssnry to 
ensure that the sample selected for the survey is truly 
representative of the population in  question. There is, 
in fact, only one reliable way to do this-the use of 
formal random sampling techniques. Random 
sampling techniques (probability scrmpling) arc those 
in which each member of the population has a 
known, non-zero probability of being selected in  the 
sample. In practice, random selection can be 
achieved through the use of random number tables, 
computer-generated random numbers, cards, dice or 
coins, etc. One of the prerequisites for most random 
sampling techniques is that a reasonably accurate 
sampling frame, listing every member of the popu- 
lation, be drawn up. 

Another reason to use formal random sampling 
procedures is that all formulae used to calculate 
survey results. from the simplest average to complex 
confidence intervals, are based on the assumption 
that random sampling was used. The use of these 
formulae when random sampling is not used will 
produce invalid results. 

As in broader survey designs, a number of prac- 
tical, simple approaches to sampling frame generation 
and random sampling have been developed, s~~itable  
for application in both developing and developed 
countries. The principles of these techniques have 
been widely known to researchers and scientists for 
many years, but in many fields of research, including 
veterinary epidenliological surveys, the use of formal 
random sampling techniques is the exception rather 
than the rule. 

Why should this be so'? In some cases, it is due to 
either a lack of understanding of the need for such 
procedures, or a lack of knowledge of practical 
approaches to the implementation of random 
sampling. However, more often it is due to the 
impression that rand0111 sampling techniques are too 
difficult to achieve in the field, or niore specifically, 
that the increased time, effort and expense involved 
in using them is not warranted. 

Survey Costs and Information Benefits 

This i~iipression is based on an informal assessment 
of the costs of using random sampling versus its 
benefits in terms of improved information quality. 
Both sides of the equalion are somewhat intangible, 
and depend on the specific survey being undertaken. 
However. to gain a better understanding, it is worth 
examining the components of this cost-benefit 
analysis. 

The costs of mounting a survey to collect data on 
livestock diseases may be divided into a number of 

components. Using the hypothetical extunple at' a 
serological survey, the cost components may include: 

laboratory infrastructure estahlishment-sem- 
logical surveys require lahoratory facilities to 
anttlyse serunl samples cullected. Laboratcrry 
facilities to undertake this anttlysis may be esttth- 
lished for a variety of reasons, but disettse surveil- 
lance must he counted amongst them. A portion of 
the (usually very high) establishment and main- 
tenance costs for the diagnostic 1;thoratory should 
be allocated to the survey activity: 
laboratory staff salaries-the salaries of staff 
responsible for analysing specimens should be 
taken into account for any survey: 
survey planning-involves staff time and other 
costs incurred in planning survey design, coordi- 
nating field activities. and obtaining any necessary 
data such as sampling frames; 
transportation-the cost of transporting field 
survey teams from site to site, as well as trans- 
porting specimens to the laboratory for analysis; 
field equipment4quipment necessary for field 
work, including animal restraint, cold chain, etc; 
survey team training-the cost of any training 
required to ensure that field survey teams under- 
take the survey work as intended; 
field staff salaries-salaries for field staff during 
the period of the survey; 
field consurnables-for example, needles. blood 
tubes, serum tubes: 
laboratory tests-the cost of analysing the speci- 
mens to obtain the serological result; 
data management-the cost of staff time in 
recording and processing data, as well as any 
equipment required for data management (e.g. 
computers); 
data processing and analysis-staff time required 
to analyse data and report survey results. 
The most significant of these costs are usually 

related to the laboratory (the cost of analysing 
specimens, and establishing and maintaining the 
laboratory), transportation, and staff salaries. 

When contrasting a survey that aims to collect 
unbiased data by using formal random sampling 
techniques with one that does not, the increases in 
cost are due only to increases in the time required 
for: 

survey planning (usually small, as the only extra 
planning task is finding an acceptable sampling 
frame); 
training staff (again small, as random sampling 
techniques can be taught in a matter of hours); and 
field specimen collection time. 
The only significant increase in time and cost is 

due to increased time required to collect specimens 
in the field. In the case of a village survey, this is 



related to the development of a sampling frame, and 
the increased time taken to move between randomly 
selected livestock owners, to sample their animals. 
Depending on the precise situation, this may not 
result in any increase i n  cost. If survey teams collect 
specimens from one village per day, the salaries of 
field staff will need to be paid for the full day, 
regardless of whether the samples are collected in 
3 hours (without the use of random sampling) or 
5 hours (using formal random sampling techniques). 
Even when random sampling procedures do increase 
the actual cost of field work, the increased cost as a 
percentage of the total survey costs (taking all other 
components listed above into account) is generally 
relatively small. 

If the costs of random sampling are small, what 
then are the benefits? The benefit is increased quality 
of information, but it is here that the cost-benefit 
analysis strikes a problem. While survey costs can be 
clearly quantified, it is very hard to put a value on 
increased quality of information. The question of the 
value of collecting more information for making 
decisions on livestock disease control has been 
examined (Ramsay et al. 1999). However, the ques- 
tion at hand is the incremental value of improved 
quality information. Another problem facing the 
assessment is that it is impossible, after collection, to 
distinguish poor quality data from good quality data. 

The real benefit of improved quality data through 
better survey procedures lies in two areas. Firstly, 
lack of bias means that the result of the survey will 
be correct. Secondly, users can have cot$idenc.e that 
the result is correct. Potentially biased surveys con- 
ducted using non-random sampling procedures may 
at times produce an answer that is close to the truth, 
but, it is impossible to know when this is the case, 
and when it is not. We can therefore have little con- 
fidence in the result. The results of surveys using 
random sampling are not only free from sampling 
bias, but we can quantify how confident we are with 
the use of a confidence interval. 

Perhaps the best way to assess the benefit of 
improved quality information is to examine two 
further hypothetical examples. Firstly, consider a 
survey to demonstrate freedom from disease for the 
purposes of international trade. In such a survey, 
biased sampling may lead to an incorrect conclusion 
that a country or zone is free of disease when disease 
is in fact present. The consequences of this error can 
be significant, especially if it results in the spread of 
a pathogen to an importing country. It will result in 
the loss of trading opportunities and loss of inter- 
national reputation, and a delay in the opportunity to 
eradicate the pathogen. 

As a second example, consider a survey designed 
to determine which major factors are associated with 

the spread of classical swinc fever. The results will 
be used to help design appropriate control programs. 
A village survey is conducted to look at the 
incidence of disease and a range of farm-level 
factors. Lack of random sampling means that a 
biased sample of farms is examined. It includes 
mostly farms close to the centre of the village, with a 
close relationship with the village leader (who is 
asked to advise which farms to survey). As a result, 
larger and better managed farms are selected. A low 
level of disease is found amongst farms surveyed, 
and careful examination of the data reveals that there 
may be a slight breed predilection, with farms with 
native breeds of pigs being more susceptible. In light 
of these results, the recommendation is made that the 
use of European breeds of pigs will help decrease the 
impact of the disease. In reality, in this hypothetical 
village, there is a relatively high level of CSF, but it 
mostly occurs in snialler farms at the edge of the 
village. It is mainly spread by swill-feeding (a prac- 
tice which none of the larger farrns use). The breed 
predilection is in fact due to the fact that more native 
pigs are reared unrestrained, while European breeds 
are generally penned. The unrestrained pigs are able 
to spread the disease through the village. 

If better survey techniques had been used in this 
example, the role of swill-feeding and confining 
animals would have become apparent. This is 
because smaller farms would have had the same 
chance of being included in the sample as the larger 
farms, and the sample would have been representa- 
tive of the population as a whole. Failure to identify 
these two key risk factors means that inexpensive and 
simple control measures, such as cooking all swill 
and confining pigs, were not identified, and an oppor- 
tunity to decrease the impact of disease was lost. 

In both these examples, poor survey procedures 
will not necessarily lead to an incorrect conclusion 
every time, but they run the risk of providing an 
incorrect conclusion. In many situations the implica- 
tions (and potential costs) of an incorrect decision 
are extremely significant. 

Conclusion 

Improved animal health infomiation plays an 
important role in combating disease in developing 
countries. One constraint to the collection of 
improved quality information through active surveil- 
lance is the lack of consideration of good survey 
design. The use of fomial random sampling tech- 
niques may add to the cost of surveys, but the extra 
cost is rarely significant when considering the 
overall cost involved in mounting a survey. On the 
other hand, the benefits of improved quality of 



information and the increase in confidence that we 
have in information usually far outweighs any small 
increase in cost. 

There is a need, therefore, for all involved in live- 
stock disease surveys, both in developing and 
developed countries, better to understand the impli- 
cations of survey design and sampling procedures, 
and to work toward maximising the quality of infor- 
mation collected. Surveys of any sort cost much time 
and money. Why risk wasting money and effort by 
getting an incorrect or biased result? 
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Classical Swine Fever in Thailand 

S. Damrongwatanapokin, W. Pinyochon, S. Parchariyanon, K. Inuil 

CI,  'is\~c'il . . , swine fever (CSF) is a contagious viral disease that causes great economic loss to the 
swine indu\try i n  Thailand. The disease is considered cnde~nic in the pig population and outbreaks 
apparently occur in spite of extensive CSF vaccinalion. Control of CSF is an immediate r~ecessity 
and to control i t  in Thailand, i t  is cs\cntial to undct-stand the current CSF statuy and to identify 
underlying prohlems associated with CSF outbreaks. Study of the ~nolecular epidetniology of CSF 
virus isolates, study of a chronic strain of CSFV, improvcmcnt of diagnostic technology, and \era- 

logical surveys for monitoring the vaccination program are carried out in order to provide a 
xientific basis for thc dcvcloptncrlt of CSF control proprtillls in Thailand. 

PIG N c ~ ~ I B E K S  in Thailand were about 8 tnillion in 
1999. Table 1 shows pig numbers fro111 I988 to 
1997. In 1997, there were more than I 0  million pigs, 
but there was decline to about 7 million in 1998 due 
to an economic crisis in the country. The pig-raising 
industry in Thailand comprises about 8000 farms 
(4000 are fattening pig farms). The number of sows 
in production is about 800 000. Farm size varies. 
with about 2000 farms of more than 300 sows and 
2000 farms of fewer than 300 sows. The highest den- 
sity pig-raising area is Region 7. 

- l able I .  Pis nurnhet- in the past 10 year\. 

Year Pig numhers 

5 710 000 
6 0 1 5 000 
7 150 000 
8 202 000 
X 311 000 
8 569 000 
8 179 000 
X 562 000 
8 708 000 

I0 119 010 
Data not ,~v,~~l,~ble 

- -- - -- --- - -~ - -- 

Now: Data frorn epidclniology wction. NIAH. 

I Virology Sectio~~, National Institute of Animal Health, 
Kasetklang. Jatujak, Bangkok 10900, Thailand, Elnail: 
t1sudarnt~dksc.th.m 

In Thailand, CSF was fi~.st reported in 1950 
(Kongsaniak 1980) in Bangkhen area near Bangkok. 
Since then, CSF  has gradually become enzootic, and 
was declared a notifiable disease in 1954. 

Diagnostic Technology 
Rapid and accurate diagnosis is the key factor for the 
control of CSF. Methods for viral antigen detection, 
virus isolation and antibody detection have been 
improved and standardised. and are now routinely 
conducted at the central and regional veterinary diag- 
nostic laboratories. 

Immunoperoxidase staining techniques and 
neutralising peroxidase-linked assays (NPLA) were 
developed by Parchariyanon et al. (1997) for viral 
and antibody detection instead of the itnmuno- 
fluorescent staining technique, and are routinely per- 
forui~ed for the diagnosis of CSF. 

Molecular techniques to detect viral RNA such as 
the reverse-transcriptase polymerase chain reaclion 
(RT-PCR) have been introduced to support these con- 
ventional methods. 'l'he combinatio~i of these rnethods 
will increase the speed and accuracy of diagnosis. 

Molecular Epidemiology of CSFV Field 
Isolates in Thailand 

Genetic characterisation was carried out with 78 
field virus isolates collected over the past decade. 

The results strongly suggested [hat: 
1 there was a new i~ltroductior~ of CSFV in 1996, 

possibly from Europe; and 



2 this strain was responsible for most outbre;iks in 
the field in the later years. It was also shown that: 

3 Thailand has a unique group of CSFV that is 
genetically different from any isolates of other 
parts of the world. 
The nlolecular epidemiology database of Th a1 '  so- ' 

Iates was established, which will facilitate tracing the 
source of infection in future CSF outbreaks. 

A Study of Chronic Strain of CSFV 
A low-virulent strain, which causes a chronic type of 
the disease, was identified from the field. The 
pathogenesis of this strain was extensively studied in 
the experin~cntal pigs to understand its importance in 
the field. 

The results suggest that: 
1 this strain coi~ld cause prolonged and mild disease 

in piglets: 
2 i t  is difficult to isolale the virus and to detect the 

a~rtibotly due to the low level of virus replication 
and intmune responses; and 

3 tltis strain could plAoduce vertic;~l tl.~ns~nission in 
pregnant sows. 
The I'inrllng indicates that infection with this strain 

m;~y spread 111111oticed ill the field and complicate 
tliaynosis. 

Serological Survey for Mortitoring the 
lmrnune Response of Vaccinated Pigs 

A tot,ll ul 14 19 \el u111 \,i~l~ples collected In 1998 w,ls 
td+ted l t ~  R E V  f leut~dl~s~np '~rit~body tllle hy 
NPtA Tlrc ~ C I J  U U I C  c o I I ~ ~ t e d  t~ollt g~l ts  dnd Z O U ?  

(p.\~it) 1-71 t ~ o n ~  2h td1111s ~ 1 t l 1  110 Il~\tory ot CSF 
r>utbttak d u ~ ~ t r p  the ~ A S I  t h o  )e,115 

The I ~ \ u ~ I \  111d1cdtcd th,~t 
I Ilrnninle 91dtt1s ut I I I ~ I V I ~ L I J ~  111g\ V A I I C ~  CI'CII 3t 

[lie s,\lr\e I , I I I I I  \ h l t l i  the 4.i1iic Vdc~llldtlotl. 
3 tllr dvcl,tgc t1tt-e 01 C ~ I L L I I ~ ~ ~ C ~  p ~ g s  I \  ,lboi~t 

1 126, (1) 17 r ~ l  I f  I9 pigr Ir,id ~ i o  dcts~t,rble 'rtrtl- 
hurl) ~ t ~ p o n \ e  dtrd tnost LVCW the s c ~ d  ~ o l l a  led 
~'IT)III pblts that Mclc ~ , ~ c c ~ ~ ~ \ l e d  once 61 6-7 wcchs 
ot ,\gc 
1 hu\, t\$o CSF L ~ L L I I I A ~ I O I I +  dre 4t1[11tgly 1-e.e~o111- 

~nendod in )oung ,rnim~ls m ovcrndc tho ititel- 
Ietvnre tit pattshe I I I I I~IUII I I )  dnd trt r ~ ~ h ~ ~ v ~  go(?d 
lllll1illl1e le9p<~tl?cY 

Control uf VSF in l'hailund 
A\  pt.t'sen\. IILI Z ~ I I L ~  ~ ~ g l ~ l i l t ~ t ~ t ~  1 4  pl,~terl olt t C i ~ t l ~ q  

b t l l t !~~  tlld di~c'ase 1.: d~dgno'icti Culling iltrd ~lid?$lve 
\ A L L I I I ~ \ I O I I  AW t l ~  ~r>ltililr>ll cont~ol I ~ I ~ A ~ U I V ~  ~ i l x ~ t i  

r1ulh19,tks hpp~xiv~l~iiltcl) 10 ltillllon doses ot C'YP 
~ d ~ r i l t e  AW utod i ln t ru~ l lq  for pl-t'vetrtlon &nd cot~trdl 
ot the rilwast. 

All registered vaccines are live attenuuted vnc- 
cines and most of them belong to Chinese strains. 
Lupinised Chinese \train produced by the Depart- 
ment of Livestock Development, Pest-Vnc (Fort 
Dodge), Pestifti (Meriol) trnd Coglnpest (Sanofi) tire 
the four major vaccines mostly used in the ficld. 
There are more than 10 kinds of CSF vaccine 
currently being used. 

Although all these strains have k e n  proved sate 
and effective in the literature, the experiences of the 
country or the regions where successful control of 
CSF has been achieved suggest the use of n single 
strain for the control and eventual eradication of CSF. 

It has the advantages that rather unifomi immune 
response is expected and that the quality of vaccine 
will be much easier to control and standardise. The 
possibility of such action should be fully considered. 

Future Plan 

Methods for genetic analysis and the database of 
molecular epidemiology have been established. They 
hnve proved to be very useful for the differentiation 
of field isolates and to facilitate tracing the source of 
infection. 

More recent CSF Thai isolatcs will be character- 
ised. Cooperation of coutltries in Ihe region will 
establish in Southeast Asia ;i d;rtabase ol'CSF isolates 
which will provide the epidcniiolopy of CSF out- 
break in this regiu~i and in other parts of the world. 
Study (11' the pathogenesis of a law-virulent strain 
suggests the perpetuulion 01' the virus in  the field. 

Miire ~rscirrcl~ for tlir detection ;ind elitliinatior~ of 
infc~'ted a n i ~ t ~ ; l l ~  ih  recor~i~~retrded. V ; ~ ~ c i i i a t i ~ n  f i : ~ ~  

clearly proved of econu~nir' benefit, hut i t  i h  not rtblc 
lo eliit~ir~;~tc CSFV ilnlesx ncco~npicnied by strict 
sanitiiry ;ind rct~~ov:~l tlIeaSur6s. Scttlllg LIP :III effec- 
tive vnccin~itiori progr3111 ill ille presence of n ficld 
virus (in a far111 is Jiffic~~lt,  sillcc ir~fcction may c~ccur 
when matcmal iiiiriiunity dmps :~nd i ~ ~ ~ n i u n i ~ ; ~ t i o n  hy 
v;iccitlatinn has hot yet developed. 

Sdm~~ionltoring of t h o ~ c  lk r r~r~  ia neecicd tcl 

a~hicvd the 111I)~I el'fettiVd v;I~.~ill;lti~in pr~pralh. 111 
addilio~, good toasati1l;iry n ~ e ~ n i ~ r c ~  and strict coh- 
trol of t)tc ~nnve~nent of i~nin~alu rllllvt be in pfilctice 
for the effective prcvc~ttion trnd c ~ n t r c ~ l  of CSP. 
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The Distribution and Control Strategies of 
Classical Swine Fever in Indonesia 

P.N. Tpi Satya, Hutabarat and A.P. Ketut Santhia 

L,ii@ .rhs,~s ot Irrdaii~s~a tile ll~fcrtcd u ~ t h  sla\zrtal \urne lever (C't S )  dnrl u~gcttt me,l\urc+ nccri 
rn br rttrplstnrritcd trt cmrtiol Itla spt-c,rd 01 nllcc'uon and to prr\cttt ~t truln rc,~rlr~t~e rlr\e,l\e lire 
ploVlec.6~ Hr)~6\161, Cltolt\ I n  rt)r\ltr>l ~~t\d/ot clcrdt~ute CFS t101i1 tlts 141,111ds <\IT Ilhaly \I) Id11 11 
I I I ~ \ . ~ . I \ \ ~ I I I  r>l )icy\ a ~ d  ply ptvdit~~s c~~ l t~u t  hr ctdcqu,ttcly conrr.crlled, <)I lohr)r.tto~\ tuc'tl~~~c\ citu l i r r t  

p t~iv~kd 

t \ l ~ r ) ~ t \ ~ i  I \  ,\ti ~ t r e ~ i t ~ t ~ r l  c ' o c I ~ \ ~ ~ )  it\ AS~B '~~IICC)III- 
pa\\(rry mrtrr ttlat I7 islanrls, ant\ cova\ a lerrd 
cnea 01 I 9 nrrll~rrtr \quae! knr\ extending Itx~rtr  e,i\t IM 
be\t ,\lrfi\p the equ,rtn! Tlre cnutrtr) crtn\lsli rjt 21 
(>mvase\, 196 d!\alett, 3627 \uh-rlistrlcts dnd ~bdkt! 
r37t\?? \ill,&e\ Itre popillLtIt~jri 01 the ctinHtIy t \  
,tbt~rt 202 mtllic,r\, and 62 2% I~vc OH Java t~ldttd, 
bhtcR i n  tctnh of larid at-cd, arcounts tor only 7*6 roi 
tlrc ct~tttrriy Ag~ictilt~~w (lt)te\try, !otd ctx>p\, 
I titret icy, cittw c m p  ~ t t t l  li\etttxk) 19 the t\rt)\l 
ittrpot td~it \eeldl ut the itido~i~\idt~ e~otrt)t\~y 

Wlrik ,\ nrc)tret,\ry rHsh \\A\ dl\drler\ iitdlotresici 
\incr 1398, the ll\~cstork srrb-wtm, ,I\ dt t  rntee.y\al 
p3i1 01 the y!icu\rule -eect.ot, Ira., nor beer\ \e!ruu\iy 
,rtkctcd. p,urtc'ulatly rlru~e tainr\ wctlr in~al  
cutntnoulrty-hli~5rd it'suurr'e\ Hd\~e\er, (Re nizjt~otaty 
ri i\ t \  \id\ L ' B u \ ~ ~ I  the bttttktuprry t)t s t>t~e  cr)it\r\~e~ia\ 
I,u r t h .  e\pectaily tht)\e whct\r k d  tr)~ttr~~.c)dity-b~~d 
b .\\ Irighly riepctrdertt or\ itn(x,t i d  \t>~itte\ y l  e C M -  

rrtcwi~l poititty t,nr\s) Wre \nun\het.i rbi cohnnrercial 
thirhen\ decte,iied frytnticdtHI) Hnni 775 9 nitlhdn 
tn 19% to 36tI mrllrat~ 113 1938 tar br.c>rleri, clr\r\ tr~>nr 
78.7 tnrlltorr in I996 to 482 ii~tllimr i t r  193% lot 
la yet \ 

livcir thouglr the malrjiity r,t the hulnatr ppulati\)~i 
irr hre cwuntty Li Majlctn, ptyi ieptehcnt [Ire ttjirri- 
I,\tge\r ,~trinrdl gt~jup dtkr c,rttle and goat\, atrd IIW 

tound tttrnuplinur Indone\ta Houcver. thc) at? cnn- 
~errt~dtcti 111 eight plovtnce\ out\rtic Sd\la f5land. 

partrcul,nly rtr [lid editettl ~sldnd\ v+hcrc the ntalorlty 
at rlre hunrur pnpulatioi~ 19 tlnt Mo\Iem (North 
SUiItdtl,~. West kdllt\ldlit~ln, N c ) ~ t h  Sllli\wd\t, St)~th 
Suldwc\i, 13,1(1, Edht N U I ~  l'engy,u;\, I t inn  dayn atld 
Pa\t Ttn~or) tide P l g w  I). Piyv ttr +om6 pm\iinre\ 
dte t V d \ ~ d  tlddlli~t~itlly, e~le1191~t3)y d4 B stcttilf 
sqinhtl ,\trd ,\m rtnr eern\onrrc,rlly ~ ~ I u e d ,  while I t r  
othrr\ they cite iet\reti ~er~ri-rnt~rr~lvely tor \x~\lne\+. 

t3uilng tile tllt)rtltdty ~ r i \ i \ ,  \)kg tiuttihe\r\ wtr 
\rnr>u\ly aflectc~i But drcw,\\ccl \ryaittc,~nlly d~tt irrp 
the o~rthtv,tk ot cl,\i~icdl 9 ~ v 1 ~ e  iewr (tri3e.y ~ I ~ o l r t ~ i )  In 
1936 Al ptrscnr, p ~ g  nuinbet\ tr,\bc ,iinrwt ietun~ctl 
in rra~in,\l aRcr ttte outbleak, r k ~ e l ~  In Nor111 
Suntarra Table 1 \ h n ~  \ ilre pry popul,~riotr bq 
plxnritrre, 1994- 1998 

Ulatrlbutltbn uP QIIa~dcul Swine Fever 
tnrhile~(d wrl\ cdliCgrbtihed d\ d cuunlry !tee ol 
cIeh\rr.al s\\lt~e t e ~ e r  YRny thnleta) [CSt;) ittt\rl 1993 
llrr rtttrndtt~tron r>t C S ~ .  to ttrdnne~ict hegen 1 9 M - 9 ~  
hlidtt the r\eiltll 'ot tlit)tt\dirds r)t pi@ UB\ wptbttecl 
wpeatedl) ill Nurrh S~irtidtld, Idkait~, Uali, Ce~iltdl 
Jsvcr drrd Ntxtlr Sulawchr rlrr eruptintt oi [lie o ~ l -  
hteah r)t CSp tdLl\dd tnflc)treiid in hdrdrlt? ct criU1\11)/ 
itrlecleri ~ ( 1 h  the \t?rr)t\r\ tot\t&g\bb\ di\daie lijtdd i t \  
OtE Li4t A diseair hetlrie Ncw~a \ t l~  drwd\c (Nb) 

The rli\cd\e garttcti enti y ink, North Sumatra rtr 
July 1394 dnd \uhsr(ttcntly \plead a i  tat a \  BAY\ 
Tinror- r)wi ttro next trmr yodtl The nutbieeh \a \  
I r t \ t  r-eprrrled It)  tlrr di\t~tct+ r)t t)drir dlld Sni~dlut~gitn 
arrd +piead to r~thel disl~ic~\ such a\ tklr Sed.rleng, 
A\lran, Nr)i tlr Tcipanuli snrl kato y Anon l 99rt, 
1998) l'hcte hew npnltu a! Ih,il Iinw rhai pigs I r ~ t l  



Figure 1. Concentration of pig population in Indonesia. 

Table 1. Ptg popul,tt~on by provlnLe (1994-98) 

No P ~ o v ~ n c e \  Year 
- - -- - 

I994 1905 1996 1997 1998- 

Acch 
North Sutnatra 
West Sumatra 
Riau 
Jambi 
Bengkulu 
South Si~~iiatra  
Lamputig 
Jakarta 
We.;[ Java 
Cet~tt-al Java 
Yogyakarta 
East Java 
West Killimantnn 
Central Kalitnirntan 
South Kalimantan 
East Kalimantan 
North Sulawesi 
Central Sula&e\i 
South Suln\vcsi 
Southeast Sulawcsi 
Bnli 
West Nusa Tenggara 
East Nusa Tctiggara 
Maluku 
Irian Jaya 
East Timor 

Indonesia 

Note: " prclitninary figures. 



been introduced to the North Sumatra area from the 
northern Malaysia Peninsular where the disease is 
known to occur. At that early stage, there was con- 
fusion about the exact cause of the major losses in 
North Sumatra, and definite diagnosis was not made 
until January 1995. 

In the intervening 6-12 months, infection had 
spread to the province of Riau and West Sumatra. 
The disease occurred in Bengkalis district of Riau in 
April 1995 and in Padang area of West Sumatra in 
August 1995. From early 1995, vaccination using 
Chinese 'C' strain was being practised in Sumatra, 
although not yet officially authorised by the Indo- 
nesian Government. 

By February 1995, pigs had been transported from 
Sumatra to the Jakarta area and the result was that 
the disease was introduced into Java. Despite major 
pig mortalities in Kapuk of the Jakarta area, the 
definite diagnosis of CSF was not made until June 
1995, around 12 months after the disease had first 
occurred in North Sumatra. Due to further move- 
ments of pigs and pig products, CSF infection 
rapidly spread to Central Java in June 1995. High pig 
mortality was reported in the districts of Sukoharjo 
and Sragen in Central Java (Syafriati 1998). Vacci- 
nation of pigs against CSF was officially adopted in 
July 1995. some six months after vaccine was 
imported and first used in the field. By September 
1995, CSF infection in pigs had also been seen in 
West Kalimantan. 

In eastern Indonesia, the CSF outbreak was firstly 
reported in Denpasar district of Bali in October 
1995. High pig mortalities in Bali starting in early 
May 1994 were previously identified as caused by 
streptococcosis (Strc~ptoc~occ~us zooepidrw~ic~us, group 
C beta haemolytic). Losses in pigs in some herds and 
areas in Bali were very high and it was reported that 
mortality in some piggeries reached almost 80%. 
The disease then spread into eight districts and 

became endemic. Severe losses compromised pig 
production on the island. By this time, vaccination of 
pigs had been widely adopted by farmers and veteri- 
nary authorities as the only viable measure. The 
disease was then under control with the adoption of 
mass vaccination with a booster system. 

Toward the end of 1995 and early 1996, CSF 
infections were seen in North and South Sulawesi. 
The disease was reported in the districts of Menado 
and Minahasa in North Sulawesi, as well as in Luwu 
and Tator of South Sulawesi, within the period 
January to August 1996 (Anon. 1997). In these two 
areas, vaccination appears to have been used effec- 
tively in trying to contain the disease. 

In August 1997, an outbreak of pig disease was 
reported in the district of Dili, East Timor. The 
disease then spread into the districts of Liquisa and 
Aileu, and subsequently to other districts in East 
Timor such as Ermera, Viqueque and Lautem. Epi- 
demiological evidence points to infection reaching 
the Dili area by way of pork products imported from 
Bali. Vaccination of pigs adopted in the six infected 
districts in East Timor brought the disease under 
control. 

In mid-1997, there were reports of unexplained 
deaths of pigs in the district of East Sumba and 
possibly in the district of East Flores, East Nusa 
Tenggara. However, field investigations failed to 
reveal any concrete evidence that CSF infection was 
actually present on these islands. An occurrence of 
pig disease was then reported in thc district of 
Kupang, East Nusa Tenggara in March 1998, and it 
was found serologically positive to CSFV infection. 
Serological positive sera were also reported from 
other districts in East Nusa Tenggara such as Tirnor 
Tengah Utara and Timor Tengah Selatan (Santhia et 
al. 1997, 1998). 

Table 2 shows the distribution and number of pig 
deaths due to CSF in Indonesia. 

Table 2. The distribut~on and number of pig death\ due to CSF in Indonesia 

Province Year of occurrence Population infected (head) Numbei- of deaths (head) 
-- - - - -- - 

1 .  North Surnatrn 
Riau 
West Sumatra 
Jakarta 
Bali 
Central Java 
West Kalimantan 
North Sulawesi 
South Sulawesi 
East Tinior 
East Nusa Te~iggara  

Note: '! = data not available. 



Diagnosis of Classical Swine Fever Indonesian laboratory system. It should be used and 

Field cases have been confirmed by Indonesian 
laboratory testing in Sumatra, Java, Bali, Kalimantan, 
Sulawesi and Timor. The work for exanlining and 
monitoring the CSF situation on these endemic 
islands was carried out by the Research Institute for 
Veterinary Science (RIVS) Bogor, Veterinary Drug 
Assay Laboratory (VDAL) Gunung Sindur and seven 
regional diagnostic laboratories (Disease Investi- 
gation Centres Region I-V11). All laboratories 
mentioned above have the capability of diagnosing 
CSF infections in pigs, although the methods of 
testing for CSF are varied. 

Disease Investigation Centre (DIC) Region VI 
Denpasar and Region VII Maros handle almost all of 
the animal disease diagnostic work for the eastern 
islands area of Indonesia. DIC Region VI Denpasar 
had developed a rapid and accurate method of diag- 
nosing CSF infections using the detection of specific 
CSFV antigens in cryostat tissue section by an 
immunoperoxidase-staining (IPX) technique. Virus 
isolation using tissue-culture pig kidney cells (TC: 
PKIS cell line) done by RIVS Bogor and VADL 
Gunung Sindur has shown valid results. RIVS Bogor 
is currently establishing research activities aimed at 
developing polymerase chain reaction (PCR) tech- 
nology for CSFV diagnosis. 

Based on the strengths and weaknesses in diag- 
nostic capabilities for CSF infections in each of these 
laboratories, a recommendation has been made on 
the diagnostic techniques most appropriate for the 

Table 3. Laboratory techniques for examining CSF infections. 

further developed in the future as presented in 
Table 3 .  

Control Strategies for Classical Swine Fever 

The control of CSF has been placed as a national 
priority beside those for rabies and brucellosis. Based 
on the case report and epiden~iology picture of the 
disease, the country is divided into three different 
areas of status, that is, infected, suspected. and free 
areas. The division of disease status area is to facili- 
tate the implementation of control programs for the 
disease. At present, 10 provinces are officially 
declared as infected areas, 1 1  provinces as suspected 
areas, and six provinces as free areas as (see Table 4). 

Considering the current state of the Indonesian 
economy and the limited resources available, the 
only course available is to control infection in pigs in 
the endemic areas through the use of efficacious 
vaccines. Internal controls on the movements of pigs 
and pork production should be examined carefully to 
prevent the spread of infection to islands not yet 
infected. 

Two types of vaccines were available to pig pro- 
ducers in the CSF endemic areas. The first is a 
Brazilian tissue culture adapted live vaccine, based 
on the Chinese 'C' strain vaccine virus manufactured 
in France ('Pestiffa'). A second vaccine is the 
Japanese Kitasato vaccine based on guinea pig 
adapted (attenuated) live virus. Both vaccines had 

Labolatory method T e ~ h n ~ q u e  Type of \pe~lmen Reterence lab 
- - 

H~\topdthology H & E  Spleen, bran and all organs - 
-- 

I\olat~on TC PK5 Spleen RIVS or VADL 
-- -- - - - -- - 

ldentrr~cdt~on FAT Spleen, ~lcuni, lyrnph node, ton\~l  DIC Reg~on VI Denpasdl 
-- -- -- 

IPX Splccll, rleum, lymph node, ton511 DIC Reg~on VI Denpaur 
- -- -- 

AC-ELISA Spleen, whole blood DIC Reg~on IV Yogy'ikarta 
- - -- - 

CTB-ELISA Sera DIC Reg~on IV Yogydkdrtd 
- -- -- 

Ced~Te\t ELISA Sera DIC Reg~on IV Yogydkdrta 
-- -- -- 

NPLA Scrd VADL 
-- 

FAVNT Sera VADL 

Note: AC-ELISA = Antigen capture ELISA. 
CTB-ELISA = Complex trapping blocking ELISA. 



Table 4. Provinces categorised as free, suspected and infected. 

Free 

1. South Sulawesi 
2. Central Kaliniantan 
3. East Kalirnantan 
4. South-east Sulawesi 
5. West Nusa Tenggara 
6. Maluku 
7. Islands around Java and Sumatra, 

except Nias Island 

Suspected 
- -- - 

1. Aceh 
2. Bengkulu 
3. Jatnbi 
4. South Sumatra 
5. Lanipung 
6. West Java 
7. Yogyakarta 
8. East Java 
9. Ccntral Sulawcsi 

10. East Nusa Tenggara 
1 1 .  Irian Jaya 

- - 

Infected 

I .  North Sumatra 
2. West Sumatra 
3. Riau 
4. Jakarta 
5. Central Java 
6. Bali 
7. West Kalimantan 
8. North Sulawcsi 
9. South Sulawesi 

10. East Timor 

been widely used to control the disease in the 
infected areas. 

In order to prevent the spread of CSF infection to 
free areas, the importation of pig and pig products 
frorn infected and suspected areas are prohibited and 
importation of CSF vaccine is not allowed. Sero- 
logical investigations using sampling methods 
should be imple~nented in free areas to monitor the 
possibility of disease introduction. In suspected 
areas, movement of pigs and pig products from 
infected areas is also prohibited. However, additional 
measures of intensive serological investigation have 
to be undertaken to detect the introduction of the 
disease as early as possible. 

In the infected areas, the control strategies 
adopted are: 
1. control movement: 

pig and pig products entering infected areas 
should be subjected to quarantine regulation; 
pigs from other infected areas should be vacci- 
nated at the place of origin; 
pigs from free and suspected areas should be 
vaccinated in the animal quarantine at the place 
of destination; 

2. routine vaccination with a coverage of at least 
60% of the pig population, with criteria as 
follows: 

using only officially recommended vaccines; 
the supply of vaccine for a con~n~ercial pig 
producer is self-supporting and vaccination is 
carried out by a practice veterinarian under the 
responsibility of a government veterinarian; 
the supply of vaccine for small pig farms is 
subsidised by the Government and vaccination 
is carried out by the government veterinarian at 
the animal health post. 

Conclusion 

1. Control measures to prevent further spread of 
CSF within Indonesia are particularly important. 
Those areas currently free of disease should be 
protected by strict measures to control the move- 
ment of pigs and pork products from areas known 
to have CSF. 

2. Plans to eradicate CSF from areas or islands in 
Indonesia in the near future should be effectively 
established. Eradication of the disease on indi- 
vidual islands (such as Rali) seerns extremely 
expensive and is likely to fail due to the reintro- 
duction of disease from neighbouring areas if 
control of the movement of pigs and pork 
products is not well undertaken and laboratory 
support is lacking. 
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Developments and Advances in the Prevention and 
Control of CSF in Yunnan Province 

Li Chundil and Zhang Yinguo2 

Yun~ian Province is in the southwestern border area of China, bounded by three countries 
(Burma. Laos and Vietnam) and has a 4000 kilometre boundary. The administrative divisions arc 
divided into eight nalional autonornous prefectures, five district\, three municipalities and 126 
counties. The population of the Yunnan province is 410 million, of 26 nation:~litics. The total 
~iu~iibcr of pigs is 420 million. The system of prevention and control of animal diseases has been 
gradually improving sincc 1980. Law? and decrees, technical standards and a network of preven- 
tion and control of animal diseaae epideniics have heen enacted or established in Yunnan PI-ovince. 
We have effectively controlled the occurrence or outbreak of anirnal ep~de~nics, and, especially in 
the preventio~i and control of CSF, have achieved remarkable success. The results of a continuous 
\ampling survey for 10 years indicate that the mortality of pigs caused by CSF ha3 dropped fro111 
4.2% to 0.4%. and the number of dead pigs from 1.2 million in 1980 to 160 000 in 1998. This 
paper brielly introduces the anirnal veterinary organisations. personnel and dcvclopments and 
advances in the dragnosis, monitoring and control of CSF in Yunna~i Province. 

ACC'ORDING TO 'National Regulations of Epidemic 
Prevention in Livestock and Poultry', the govern- 
ment has enacted and issued 'Yunnan Provincial 
Enforcement Detailed Regulations of Epidemic Pre- 
vention in Livestock and P o ~ ~ l t r y ' ,  ' M e a s ~ ~ r e s  and 
'Techniques of Prevention and Control of CSF in 
Yunnan Province' (1985). 'Yunnan Provincial 
Supervisory Regulations of Animal Quarantine and 
Animal Health or Vetcrinary' (1996) and 'Laws of 
Animal Epidemic Prevention, The People's Republic 
of China' (1997). 'Administrative Measures of 
Planncd Vaccination of Live Pigs in Yunnan 
Province' will be enacted and 15sued soon. 

These laws and regulations standardise the system 
of epidemic prevention in livestock and poultry in 
our province and also fully reflect governmental 
action in the area of epidemic prevention and control. 

Animal Veterinary Organisations and 
Personnel 

In our province we have already established five 
levels of animal veterinary organisations, including 
province, prefecture, county, township and village 
(Figure I ). The total personnel or staff of these organ- 
isations is more than 25 000 (Table 1). There are 
13 000 village veterinary surgeons, 7745 personnel in 
veterinary stations in townships, 4910 personnel in 
veterinary stations of prefectures and countics and 26 
in provincial veterinary stations among them. Each 
veterinary personnel at different levels has obtained 
an appropriate educational background and taken part 
in training courses for veterinary techniques. The 
titles for technical personncl are research fellow, 
senior veterinarian, veterini~rian, assistant veteri- 
narian, technical staff and village veterinary surgeons, 
respectively. The levels of techniques are distinct and 
the disposition of personnel is very reasonable. 

System of Vaccines Transport and Storage 
I Yunnnll (;enera1 Vetcrin~11.y Station 
' Yunn~u Tropical and Subtropical Animal Viruj Diseases 111 order to guarantee the quality and immunising 
Laboratory effect of vaccines, we have successfully established 



Administrative system Technical system 

Ministry of Agriculture, P.R. China 

Bureau of Anirnal Husbandry and Veterinary, 
Ministry of Agriculture 

Bureau of Animal Hu\bandry, 

Nat~onal General Statlon of Vetcr~na~ y 

I 

1 
Yunnan Gcneral Stat~on of Veterinary 

Y unnan Provincc 1 

Bureau of Animal Husbandry, Vcterinary Stalion of District or Prefecture 
District or Prefect~~re 1 

f 
Bureau of Animal Husbandry, 
County 

Bureau of Arlirnal Husbandry. 
Township 

Veterinary Station of Counly 

f 
Veterinary Station of Township 

+ 
Veterinary Surgeon of Village 

Figure 1. Diagra~nniatic sketch of veterinary organisations in Yunnan Province 

Table 1. Disposition of animal vetel-inary organisations 
and pcr~onnel. 

Name of organicat~on 

-- - 

National General Station of 
Vctcrinary 

Yunnan Gcneral Stntion of 
Vctcrinary 

Vctcr~nary St;ction of Distrlct or 
Prefecture 

Vctcrinary Station of Co~nlty 
Veterinary Station of Township 
Veterinary Surgeon o f  Village 
Total 

No. of No. of 
organi.;ations staff 
- -- 

1 35 

the live-level (province, prefecture, county, township 
and village) cold-chain systeni for vaccine storage. 

Network for Animal Disease Diagnosis and 
Monitoring 

We have established a three-level (province, prefec- 
ture, county) network for animal disease diagnosis 
and monitoring, equipped as necessary (Figure 2). 
The equipment used meets advanced world standards. 
In CSF diagnosis and monitoring, an ELISA reader 
and a fluorescent microscope are available lo the 
whole province. In the prefectures and some counties, 
the CSF antibody can be monitored and CSFV 
diagnosed. 



Centre of Animal Diseases' Diagnosis 
Yunnan General Veterinary Stalion 

Y unnan Tropical and Subtropical 
Animal Virus Diseases Laboratory 

+ 
Centre of Animal Diseascs' Diagnosis in District or Prefecture 

Department of Animal Diseases' Diagnosis in County 

Animal Husband]-y and Veterinary Station of Township 

Veterina~ y Surgeon of Village 

Farmer or Farm 

Figure 2. Diagrammatic sketch of network for the diagnosis, mor~itoring and control of animal diseases in 
Yunnan Province. 

Vaccination and Prevention 

The techniques of vaccination and prevention of CSF 
have gone through stages and gradually become 
successful now in Yunnan Province (Figure 3). CSF 
has been effectively controlled in the whole province. 

Vaccinated live pigs in whole epidemic area 
(include contiguous area) 

Limited by labour power and material resources, the 
main measure taken to prevent and control CSF in 
Yunnan Province was to vaccinate live pigs in the 
whole epidemic area (including the contiguous area) 
in the 1950s and early 1960s. As the immune (or 
vaccinated) density was very low, CSF breaks out 
frequently and causes huge economic loss. 

Vaccinated whole live pigs in spring and autumn 
(twice per year) 

The main measure was to make a concentrated effort 
to vaccinate all live pigs in spring and autumn (twice 
per year) to prevent and control CSF in the late 
1960s and early 1980s. The main flaw of this 
measure was that many new susceptible pigs, 

imported into farms beyond the vaccinated period, 
could not be vaccinated in time. So the prevention 
and control of CSF was not effective in the whole 
province. The mortality of pigs caused by epidemic 
diseases was 13%, among that 40% by CSF. The 
number of dead pigs was more than 1 million in 
1983 (Table 2). 

Table 2. Vaccinated animal numbers and CSF mortality 
1980-1998. 

Year Breeding 
numbers 

Mortality Immune rate 
(%>) 



Facilities for transport Administration of vaccine Equipment for vaccine storage 

Veterinary biological product factory 

Airplane, train and automobile I + 
Centre of Vaccme Storage and Tran\port, Freezer (-15" C)  of 25 m2 

Provmcc 

Special automobile 

Centre of Vaccine Storage and Transport, Freezer (-ISo C) of 8 m2 
District or Prefecture 

Automobile and cold storage box 

Centre of Vaccine Storage and Transport, Freezer (-1 5" C) of 4 m' 
County 375 L hori/,ontal refrigerator 

Autoniob~lc and cold stol-age box 

Centre of Vaccine Storage and Transport, 150 L horizontal refrigerator 
Township 

Motorcar, bicycle and cold stol-age box 

+ 
Village vaccine transfer station Cold sto~agc box or bag 

Cold storirgc box 

Livestock and poultry 

Figure 3. Diagrammatic sketch of equipment for cold chain vaccine storage systern and administration. 

Vaccination Program for CSF 

In light of serious infections of CSF in Yunnan 
Province, and in order to control this epidemic disease 
to ensure the development of pig production, the gov- 
ernment has enacted 'Vaccination Program for CSF 
in Yu~inan Province' and applied the program in some 
counties for three years. The results demonstrate that 
the program was feasible and effective in the preven- 
tion and control of CSF. At the end of 1985, we issued 
'Enforcement Regulations of Vaccination Program 
for CSF in Yunnan Province' and have applied and 
disseminated it in the whole province. 

The main points of the program include: 
The used vaccine was lapinised hog cholera atten- 
uated vaccine. Breeding pigs were vaccinated 
once per year and piglets at 60 days old (large 
piglets, tested by rabbit neutralisation assay, was 
Inore than 16 times, the piglets can resist the 
challenge of virulent virus, at 8 times they can 
resist natural infections, and less than four times 
had no protection. The half-life of antibody titre is 
10 (3 days. The titre of maternal source antibody 
in 60-day-old piglets dropped to zero or less than 
eight times in 90% piglets). 



We vaccinated the pigs according to month, two 
months, or seasons. 
CSF has been effectively controlled by the 
enforcement of this vaccination program. 
The mortality of pigs caused by epidemic diseases 
dropped from 13% (1983) to 6% (1993), among 
that the mortality caused by CSF dropped from 
4 0 8  to 20%. The number of dead pigs was 
330 000 per year. 

Planned Vaccination for CSF 
In order to decrease the costs of CSF vaccine, we 
have used cell culture (bovine testicular cell) vaccine 
instead of lapinised attenuated vaccine, since 1990. 
Because the properties of these two kinds of vaccine 
are different, the vaccination program based on lapi- 
ilised attenuated vaccine was not available. 

The cases of CSF increased. The mortality of pips 
caused by CSF was 23% among the mortality caused 
by epidemic diseases. So we firstly designed the test 
to screen the effective vaccinal dose of cell culture 
vaccine. The results indicate that using one dose 
(labelled in the direction by vaccine factory) of vac- 
cine to inject piglets, if  the piglets had no maternal 
source antibody of CSFV, the immune duration was 
nearly 10 months. 

In the current situation, most maternal pigs have 
been vaccinated. In order to eliminate the inter- 
ference of maternal source antibody, we used 3-4 
times the dose to vaccinate piglets. The immune 
duration was 8-10 months. According to the results, 
we have gradually applied planned vaccination. 

The main points of the planned vaccination 
include: 

Samples from pigs and piglets were collected to 
monitor the titre of antibody or maternal source 
ancibody of CSFV (Table 3). 

r .  1 able 3. Results of monitoring immune antibod) 

Location No. of Methods No. Positive 
samples positives rate (%) 

- - -- - - -- -- - 

Kunrning 510 ELISA 435 85.3 
Qujing 455 ELISA 366 80.4 
Yuxi 330 ELlSA 268 81.2 
Honghc 522 ELISA 334 83.1 
Dali 250 ELISA 198 79.2 
Lincarig 21 1 ELISA 144 68.2 
Lijiang 397 ELISA 323 81.4 
Total 2675 2168 81.0 

-- - -- 

According to the results we vaccinated animals in 
time. I f  possible we vaccinated the 0-day-old 
piglets and ensured the rate of immune density 
was more than 90%. 
CSF has been effectively controlled by enforcing 
the planned vacci~iation. 

According to results of the sampling survey in 
1998, the mortality of pigs caused by epidemic 
diseases dropped from 6% (1993) to 4% (1998), 
among that, the mortality caused by CSF dropped 
from 20% to 10%. The number of dead pigs was 
160 000 per year. 

How To Deal with the Outbreak of CSF 

According to many yeara' local experience, if there 
is an outbreak of CSF in a village (with high pig 
density) or pig farm and there is already a definite 
diagnosis. in critical situations we used large doses 
(15-20 times normal dose) of lapinised attenuated 
vaccine or cell culture vaccine to vaccinate the 
animal as soon as possible. Using this measure, we 
can rapidly control the disease and decrease the 
economic costs. Generally. in three days after vacci- 
nation the disease could be stabilised. 

According to the history of prevention and control 
of CSF in Yunnan Province, lapi~iised hog cholera 
attenuated vaccine and cell culture vaccine, s t~~died  
and prepared by Chinese scientists, has been applied 
and disseminated for many years, and is very 
effective (Table 4). 

We have made great efforts for nearly 20 years 
and controlled CSF in Yunnan Province. The mor- 
tality of pigs caused by CSF dropped from 45% in 
the early 1980s to 10% in 1998 among the mortality 
of pigs caused by epidemic diseases. The number of 
dead pigs per year dropped from 1.2 million in 1980 
to 160 000 in 1998 (Table 2). The achievement of 
prevention and control of CSF was remarkable. 

We have collected the serum from 2675 vacci- 
nated pigs from six prefectures (Kunniing, Qujing, 
Yuxi, Honghe, Dali, Lincang and Lijiang) to monitor 
the antibody of CSFV in the pigs' group in 1998. 
The results showed more than 81% pigs were up to 
standard (Table 3). The results tallied with the cases 
of CSF, obviously decreased in the whole province, 
and also indicated that the veterinary personnel 
working in the whole province have done excellent 
and reliable work. 

To sum up, in order to prevent and control CSF 
effectively in a border and muliinational province 
where pigs have been raised dispersedly, we should 
establish a good troop for epidemic prevention, 
screen safe and effective vaccine, enhance national 
consciousness of epidemic prevention, prevent and 
control the epidemic by laws and regulations. make a 
good job of monitoring the epidemic situation, draw 
up "Ian for epidemic prevention in a critical situa- 
tion, and pay more attention to the basic research of 
veterinary medicine. Only in this way can CSF be 
controlled effectively and eradicated finally. 



Table 4. Developlnents and advances ill the prever~tion and control of CSF by vaccine 

Year Type or vaccine 
-- -- -- - -- - 

1960 Tissue vaccine (spleen and lymphoid tissue, 
prepared extemporal-ily) 

1970 Tissue vaccine (spleen and lymphoid tissue) 

198.5 Lapinised Hog Cholera attenuated vaccine 
1996 Cell culture (bovine testicular ccll) vaccine 

~ - 

Measures of vaccinalion Effect 
- -- -- -- - - -- -- -- - -- 

Vaccinated live pigs in whole epidemic area Outbreak frequent 
(including contiguous area) 
Vaccinated whole live pigs in spring and Outbreak frcquent 
autumn (twice yearly) 
Vaccination program for CSF Outbreak occurrence 
Planned vaccination for CSF c. . . r ~ s ~ b  occurrelice 

Enactment of Laws and Regulations 

1985 National Regulations of Epidemic Prevention 1996 Yunnan Provincial Supervisory Regulations 
in Livestock and Poultry. of Animal Quarantine and Animal Health or 

1985 Yunnan Provincial Enforcement Detailed Veterinary. 
Regulations of Epidemic Prevention in Live- 1997 Laws of Animal Epidemic Prevention, The 
stock and Poultry. People's Republic of China. 

1985 Measures and Techniques of Prevention and 1999 Administrative Measures of Planned Vacci- 
Control of CSF in Yunnan Province. nation of Live Pigs in Yunnan Province. 



Classical Swine Fever in Lao PDR 

Sounthone Vongthilathl and Stuart Blacksel12 

Ahstmct 

Pig disease is the major problem for pig farmers in Lao PDR. Classical swine fevcr (CSF) is 
endemic in Lao PDR with Inany outbreaks reported annually. It accounts for a large number of pig 
deaths in all pig-raising systems. Pig-raising is popular throughout Lao although the northern Lao 
people tend to keep a higher number of pigs because of traditional customs. In Northern Lao, it has 
been reported there is an average of 3.7 pigs per family, in Ccn~ral Lao, 1.4 pigs per family, and in 
Southern Lao 2.3 pigs per family. There are three pig-raising systcrns in Lao PDR: smallholder, 
small family busincss and semi-intensive. 

DUE TO THE recent economic crisis in this region, 
investment in the livestock production sector has 
decreased n~arginally during the past few years 
although the demand for meat and fish is gradually 
increasing in line with the population demands of 
Lao Peoples' Democratic Republic (Lao PDR). 

The problem faced by the Department of Live- 
stock and Fisheries (DLF) of Lao PDR is prirnarily 
to facilitate food security to the provincial areas in 
addition to increasing the supply of good quality 
meat and fish to the ma.jor towns of the country. 

Pork production is approximately 5 kg/person/ 
year and accounts for 25% of total meat production. 
Regarding the export market, 3% of pork production 
is sent to other countries and pork production is 
increasing at a rate of 3% per year. 

The estimated livestock populations in Lao PDR 
of the previous 1 0  years are sumrnarised in Table 1. 

Pig Breeds and Husbandry Techniques 
Four native pig breeds are recognised in Lao PDR. 
In a survey undertaken by the DLF to determine the 
phenotypic characteristics of pigs in Lao PDR and 
provide recommended groupings, four distinct 
groups, Moo Cllid, Moo Luut, M o o  Duel?:: and Moo 
N o n ~ l ~ a c ~ r  were recognised. Of the imported breeds, 

I Department of Livestock and Fisheries, Box 81 1 ,  
Vientiane, Lao PDR. Telephone: +856 21 214844 
? ACIAR project Pn 19941038. Department of Livestock 
and Fisheries, Ministry of Agriculture and Forestry, Lao 
PDK. Tclcphone: +856 21 218367. Email: stuart.black- 
scll@dah. csiro.au 

Landrace and Duroc are popular although raised to a 
much lesser extent than native breeds. Pig feed in 
Lao PDR is usually rice bran, corn, cassava, alcohol 
production waste, edible grasses or weeds and waste 
food. Commercial pig feeds are generally only used 
in urban and peri-urban areas of Vientiane City. 

Approximately 64% of families in Lao PDR raise 
pigs for sale or consumption. Pig-raising is generally 
performed by smallholder farmers and is popular as 
a form of supplementary income for rice farmers. 
Pig-raising is popular throughout Lao although the 
northern Lao people tend to keep a higher number of 
pigs because of traditional customs. In Northern Lao, 
it has been reported there is an average of 3.7 pigs 
per family, in Central Lao, 1.4 pigs per family, and 
in Southern Lao 2.3 pigs per family. There are three 
pig-raising systems in Lao PDR: smallholder, small 
family business and semi-intensive. 

Table I. Livestock in Lao PDR 1988-98. 
- 

Year Buffalo Cattle Goatisbeep Pigs 



The smallholder system employs 1-3 native pigs 
in a village situation. The pigs may roam freely in 
the village or be penned, and are given poor quality 
feed or forage in the village. This method of pro- 
duction accounts for 96% of all Lao pig production. 
The small family business system employs 3 4  
native or imported breed pigs generally in a village 
or backyard situation. The pigs are penned and are 
given improved feed. This method of production 
accounts for 3% of all Lao pig production. Semi- 
intensive pig farming systems employ large numbers 
of imported breed pigs in a farm situation and are fed 
commercial feed that may be mixed with local 
improved feeds. This method of production accounts 
for 1 % of all Lao pig production. 

Constraints to Production 

Pig disease is the major problem for pig farmers in 
Lao PDR. Classical swine fever (CSF) and most 
probably many other viral diseases account for a 
large number of pig deaths in all pig-raising systems. 
Bacterial diseases such as Salmonella cholerasuis 
and E~ysipelothrix rhusiopathiae (the aetiological 
agent of swine erysipelas) also have a large impact, 
as well as parasitism in village pigs, such as Ascaris 
suum, resulting in retarded growth of the pigs. 

The lack of quality vaccine, vaccine cold chains 
and veterinary or para-veterinary staff to apply the 
vaccines is also a problem. Problems in delivery and 
processing of quality feeds is also another constraint. 

Figure 1. Incidence of CSF infections diagnosed in Lao PDR during 1998. 



0 Cool Season (November-February) 

@ Hot Season (March-May) 

Figure 2. Incidence of CSF infections diagnosed in Lao PDR to June 1999. 

Commercial pig feed is expensive by local standards 
and is therefore employed only in larger production 
systems. Improved feeds such as cassava, corn and 
rice bran are used by some farmers but availability, 
expense of production and processing time are a 
problem. 

Marketing and management can be difficult, 
depending on the location, as travel to market to sell 
the pigs may be expensive as well as difficult, or 
impossible, due to poor or impassable roads. In such 
cases, a middle-man trader may visit the village and 
offer sub-standard prices, further compounding the 
marketing problems for small-scale pig producers. 

Local or native pig breeds are not genetically 
improved and therefore do not provide as good a 
feed-conversion ratio as imported breeds. 

Current CSF Situation 

CSF is endemic in Lao PDR with many outbreaks 
reported annually. The level of incidence is influ- 
enced to a large extent by the demands of local pork 
requirements where pigs are transported by vendors 
or middle-men. Illegal international animal trade may 
also contribute to the spread of CSF as the country is 
an established thoroughfare to major markets in 
neighbouring countries. Additionally, as a large per- 
centage of pig production in Lao PDR is derived from 
village smallholders where farmers keep animals in a 
free-ranging fashion, this factor may have an influ- 
ence in some sporadic outbreaks of CSF. 

The routine diagnosis at the ACIAR project 
laboratory in Vientiane is performed using the CSF 



anligen caplure ELISA (CSF AC-ELISA). Sarnples 
are s~~btnitted to the laboratory via a provincial and 
district sample submission network. In 1998, the 
project laboratory received 2-57 samples. Fifty were 
CSFV antigen positive representing 35 outbreaks 
(I9.S(% of the total samples submitted) (Figure 1). In 
1999, 87 samples were received with 19 positive 
satnples from 1 1 outbreaks (21 .Xc%) (Figure 2). 

External Assistance 

The Lao Government has quite limited national 
budget resources for the financial support of CSF 
control activities. Nevertheless, in the previous year 
the Lao Government has received strong support 
from donor agencies in the form of bi-lateral or 
regional veterinary services projects. The Australian 
Centre for International Agricultural Research 
(ACIAR), [he European Union project 'Strength- 
ening livestock services' have provided support 
which has enabled Lao PDR to implement a CSF 
research progra~n to meet thc needs of the country. 

The following summarises the work of selected 
projects working on CSF in Lao PDR over the pre- 
vious 12 months. 

ACIAR project 

ACIAR project 9438 is a three-year project pro- 
viding laboratory facilities for CSF diagnosis for 
both antigen detection and serology. A resident Aus- 
tralian scientist provides training and support to local 
staff in the implementation of the diagnostic tech- 
niques. Furthermore, serological surveys to deter- 
mine the prevalence of CSF antibodies thro~~ghout 
the country have been undertaken. During 1998-99, 
the following were accomplished: 

Ir7/i.usir.lrc~t?cr.c. arzd institzrtiorial strrn,gtllrnin,g 
Commissioning and opening a refurbished labora- 
tory for CSF and FMD Diagnosis: 

Training Lao staff in the diagnosis of CSF using 
ELISA techniques; 
Establishtnent of a provincial sample submission 
network to facilitate the collection and transport 
of samples to the project for diagnosis; - 20 staff from four provinces trained in surveil- 
lance and data analysis prior to CSF survey work. 

Se~.ologi(.uI SLII.I~(~.Y.Y.T 

Using active surveillance techniques, approxi- 
mately 2000 sera were collected from four 
provinces; 
More than 2000 sera were collected from abattoirs 
in eight provinces. 

Elrr.olwan Union pr.c!jcc.t 

Project ALA/9h/l9. 'Strengthening of livestock 
services and extension activities', is a six-year 
project. The main objectives are to strengthen veteri- 
nary services and the extension network at all levels 
for an efficient and sustainable delivery of animal 
health and production services, and thereby to reduce 
disease incidence, improve management practice and 
increase livestock productivity. This project has no 
explicit focus on CSF but different components can 
support the Government of' Lao PDR in CSF control 
activities. The project has started only recently and is 
expected to become fully operational in 1999. 

Conclusion 

CSF is the most important pig disease in Lao PDR. 
Control strategies for it face constraints in technical 
and human resource areas. The ACIAR project has 
provided valuable resources and training in CSF 
diagnosis and control. Strong support via external 
assistance is required to continue research into CSF 
in Lao PDR. 



Pig Production and Classical Swine Fever in Vietnam 

Nguyen Tien Dzungl 

Victnam is a Southcast Asian country bordcrcd by China to the north, PR Laos and Kampuchea 
to the west, and the South China Sea to the east and south. It has 78 million inhabitants in an area 
about 320 000 km2. The clima(c is tropical, hot and humid and north of thc 16"' parallel. it i \  cold 
in winter (Nove~nber-April). Livestock consists mainly of pigs (I8 million), cattle and buffalo 
(6 million) and poultry (I80 million). This paper outlines pig production in Vietnam and then details 
the situation of classical swine fever (CFS). still the most important disease in pig production. 

MOUE THAN 80% of pig production in Vietnam 
occurs in the household or smallholder sector of the 
population. Typically, each household owns 2-3 
pigs. At the same time, cornrnercial or intensive pig- 
raising with small herds (10-20 pigs) is occurring in 
this sector, especially in the deltas of the Mekong 
and the Red rivers. where the focus is mainly on 
breeding. Large pig farms (hundreds to thousands of 
sows) also occur in the south and to a lesser degree 
in the north. 

Native pig breeds are the I ,  the Mong cai, the 
Baxuyen and the H'mong. They are found now only 
in the household sector and in lower numbers than 
European pigs. The latter have the advantage of 
being lean and fast-growing, and are becoming pre- 
ferred in pig husbandry. 

Feed in the traditional household sector consists 
of kitchen waste, paddy brands, vegetables and some 
grains. The pigs are often unleashed to supplement- 
feed in the backyards. The use of industrially- 
processed feed is growing and many foreign com- 
panies dominate the market. 

Classical Swine Fever 
Clinical signs 
The disease was first diagnosed in Vietnam in 1924. 
Since then it has been considered the most devas- 
tating disease in pig production. The course is 

' Virology Department, National Institute of Veterinary 
Research, X6 Road Truong Chinh, Dong da, Hanoi. E-mail: 
Dzungnt@fpt.vn 

normally acute and sub-acute. The clinical signs of 
the disease are the same as in 1924. In the 1990s, the 
chronic form of the disease became generalised. It is 
characterised by stunting and constipation in 
growing pigs and reproduction trouble in breeders. 
Virus carrier state has been repeatedly reported. 

Epidemiology 

The prevale~lce of CSF is not well recorded. Statis- 
tics data exist but are difficult to interpret. The 
seasonal character of CSF occurrences was estab- 
lished, more than 80% of outbreaks occurring in the 
cold season. The condition was linked to the massive 
slaughtering of pigs for the Tet (the Lunar New 
Year) festivities in that season and, consequently, the 
movement of new stock piglets to replace slaugh- 
tered ones. Nowadays, as life improves, pork meat 
demand extends all year, and so pigs are slaughtered 
all year. In addition, vaccination occurs more often. 
The seasonal character is no longer valid and the 
disease has become endemic. The spreading of the 
disease is strongly linked with the circulation of pigs 
and pork meat. 

Diagnosis 

CSF is diagnosed mainly by clinical signs. At the 
extreme, every diseased pig that does not respond to 
antibiotic treatment is considered as being infected 
with CSF. At autopsy, the lesions are, in   no st cases, 
sufficient to establish CSF diagnosis, but such tests 
are not often applied to living pigs as no compensa- 
tion policy exists that allows the veterinarian to do so. 



Two laboratories (one in Hanoi, another in Ho Chi 
Minh City) are now capable of CSF diagnosis. The 
techniques used there are immunofluorescence and 
ELISA. The number of samples received for CSF 
diagnosis is not as high as in European countries, 
because the test is costly and pig owners are not 
willing to pay the charges. 

ELISA ha5 helped to detect virus carrier sows. 
The prevalence of CSFV carrier pigs was reported as 
high as 15% on some farms. 

Prevention and control 

Vaccination against CSF has been practised since 
1960 in Vietnam. At that time in the north, the 
vaccine was produced using the C-strain, and in the 
south, the Japanese GPE(-) strain. Now all home 
vaccine is produced with the C-strain in the freeze- 
dried form. Vaccines are sufficiently produced, but 
some foreign vaccines are also authorised for import. 
The vaccination campaigns are executed twice per 
year under the responsibility of the Provincial Veter- 
inary Service. Comple~nentary vaccination is realised 
by the practitioners. The pig owners pay the vaccine 
and the service cost, except in the mountainous 
regions where the State pays the vaccination cost. 

Results of vaccination are assessed and reported 
by the Provincial Veterinary Service only as the pro- 
portion of pigs being vaccinated. The figure varies 

greatly from one to another location. The vaccination 
efficacy remains obscure. CSF is a communicable 
disease and vaccination is compi~lsory under the 
State Ordinance on Veterinary Activities issued in 
1993. But vaccination is still far from being satisfac- 
torily implemented. Difficulties encountered in 
vaccination campaigns are: 

lack of vaccine-keeping facilities (the cold chain); 
pig-catching (in many regions, pigs are raised 
unconfined); and 
lack of acceptance by the pig owners. 
These conditions are more pronounced in the 

regions where the economy still bears the character 
of auto-sufficiency. Hopefully, the situation is 
changing through the policy adopted by the Viet- 
namese Stale, i.e. to convert its economy into a 
market economy. 

Other prevention measures adopted for fighting 
CSF are the inspection of animal movement and 
pork meat. Only animals previously vaccinated 
against CSF are allowed to be transported. 

Measures to be applied in a CSF outbreak are also 
established and are similar to those adopted else- 
where. Another weak point in the control of CSF is 
the lack of certain diagnosis at the early stage of the 
outbreak. Being afraid of restrictions on animal 
movement imposed by the control measures, pig 
owners often do not inform the authorities of the 
presence of CSF. 



Classical Swine Fever in Hong Kong 

T.M. Ellis, L.D. Sims and K.C. Dyrtingl 

Clas\ical swine [ever (CSF) is considered to be cndernic in Hvng Kong and outbrcaks oS acute 
CSF havc occurrcd in any month of the year during the past 12 years. It is a notifiable disease. 
Vaccination with live attenuated voccine is widely used in pig herds. However, outbreaks of 
discasc have apparently occurred in vaccinated herds. 111 the past two years, I'ew outbrcaks of 
typical acute CSF have been confirmed. 'l'he status of chronic and lower vil-ulence cases of CSF 
within pig herds is unccrtoin. Recently, diag~losis ha.; hccn based on clinical signs and gros\ and 
micro\copic pathological findings. Introduct~on of testing for virus antigen or genome detection is 
planned to confirm CSF diagno\is. to determine {he prevalence of lower virulence or chronic 
discasc and to invest~gntc cases of apparent vaccine breakdown. 

THE PI(;-IIAISINC; industry within Hong Kong con- 
sists of approxi~nately 3.10 fartns with a total herd of 
approximately 400 000 pigs. Farm size varies con- 
siderably from 20-30 sows to rnore than I000 sows. 
The pigs are rnostly run indoors on solid or slatted 
floors. Farms are required to prevent untreated waste 
from entering watercourses and most havc installed 
and operate waste treatment facilities involving 
anaerobic and aerobic fermentation systems on site. 
Pigs are usually fed imported formulated rations. 

Disease in pigs with clinical signs and pathology 
typical of classical swine fever has been seen at the 
Castle Peak Veterinary Laboratory of the Agriculture 
and Fisheries Department since the laboratory was 
established it1 the early 1970s (D. Higgins, pers. 
comm.). Early diagnosis was based on clinical and 
pathological findings with no confirmatory antigen 
or virus detection tests conducted. 

In the late 1980s. antigen detection by immune- 
peroxidase staining of CSF antigen in cryostat 
sections of t o ~ ~ s i l s  was used to confirm the diagnosis 
of CSF in pigs with clinical signs and pathology 
typical of acute or chronic CSF (K.S. Lo, pers. 
cornm.). Immunological reagents from CVDL 
Lelystad were used. Subsequently, diagnosis was 
based on clinical findings and gross and ~nicroscopic 
pathology from 1992 until this year, when a PCR 

I Agriculture and Fi\hcric\ I)epart~nent 121F1 Canton Road 
Government Offices, 393 Canton Road, Tsim Sha Tsui, 
Kowloon, Hong Kong SAR 

procedure for CSF based on primers selected by Dr  
F. Lcung, Zoology Department, University of Hong 
Kong, was introduced. 

Recent CSF Incidence Data 

The number of CSF outbrcaks reported and diag- 
nosed from pig-raising farms in Hong Kong since 
1987 is surn~narised in Table 1. Details of the 
number of pigs affected and the number of deaths in 
the outbreaks are shown as well as the monthis) 
during which outbreaks occurred for that year. The 
procedure\ used for diagnosis of CSF in these out- 
breaks are also summarised. 

Control of CSF in Hong Kong 

The disease is at present accepted as being endemic 
in Hong Kong and, as such, no specific restrictio~is 
are placed on farms where disease is diagnosed. 
Advice is given on farm control including decontami- 
nation and managenlent procedures to lessen the 
spread. The main control method reco~nmcnded is 
vaccination. 

Five CSF vaccines are registered for use in Hang 
Kong including Pest-Vac (Fort Dodge), Suvac 
(Sanofi), Pestiffa (Rhone Merieux), Kinavac (Syva 
Laboratories), and a lapinised hog cholera vaccine 
from Taiwan. The registered vaccines are all live 
attenuated vaccines based on the lapinised China 
strain of CSF. Vaccines are generally used following 



Table 1. Classical swine fever casts in Hong Kong since 1987. 
- 

Months 

Jan, Mar, Jun, Jul, Aug 
Jan, Mar 
Apr, May, Jul. Aug. Sep, Oct, 
Nov, Feh, Mar 
Apr, May, Sun, Sep, Nov, Fcb 
Apr, Sun. Nov, Dcc, Jan, Feh 
Apr, May. Jul, Nov. Dec, Mar 
Apr, May, Jun, Jul, Aug, 
Nov, Dcc, Jan 
Apr, Nov. Jan, Mar 
Dec. Feb 
Jul, Scp, Oct, Dec, Jan 

- - - - -- 

No. No.pigs No. Mcthod of diagnosis 
outbreaks affected deaths 

-- - - ~- -- - - - -- 

9 501 206 ClinIPath, Ag delect by i~nmunoperoxidase staining 
3 1000 930 Clin/Path, Ag detect by in~munope~.oxidase staining 

21 2826 928 Clin/Palh, Ap detect by immunoperoxidase staining 

10 1362 569 Clin/Path. Ag detect by i~~ln~u~loperoxidase staining 
I I 438 3 15 Clin/P;ith, Ag detect by imtnunoperoxidase staining 
9 1 155 729 Clin/Path, Ag detect by itnmunopel-oxidax atailling 

17 2 117 607 Clin/l'alh 

5 5325 128 Clin/Path 
2 900 120 Cl~n/Path 
5 655 280 Cl~n/Path 
0 0 0 Cl~nIPath 
I 150 100 Cl~n/Path, PCR 

the manufacturers' reco~ntnendations with respect to 
age of vaccination and requirement for secondary or 
booster vaccinations. 

Howevcr, an unusual practice has been reported 
locally where piglets are vaccinated just after birth 
before colostrun~ has been ingested. The effect on 
the irntnature lymphoid system of these piglets, evcn 
by the attenuated lapinised China strain, is not 
known at this time, and it is interesting to speculate 
what effect this may have on infections with other 
porcine viruses or bacterial infections. 

Discussiotis with veterinary wholesalers supplying 
vaccines indicate that approximately 725 000 doses 
of the registered CSF vaccines are used in Ilong 
Kong annually. 

Future Activity 

Introduction of antigen detection and antibody 
ELlSAs for CSF, establishing tissue c ~ ~ l t u r e  facilities 
with immunofluorescent staining for CSF-infected 

cells and further utilisation of the PCR test are all 
planned to improve diagnostic capability for CSF. 

These procedures will be used to confirm CSF 
diagnosis and further investigate cases where CSF 
vaccination does not seem to have prevented thc 
disease. Additionally, the effect of day-old piglet 
vaccination on persistence and efficacy of the CSF 
vaccines will be invesligated and the industry will be 
advised of any adverse effects of this practice. The 
impact of other viral agents known or suspected to 
occur in Hong Kong on the response to CSF vacci- 
nation or infcctiori with field strains of CSF virus 
will also bc examined. 

Acknowledgment 

The assistance of Mr Pang Tak Hing in collecting 
information about CSF vaccine usage in Hong Kong 
and providing statistical information on CSF case 
occurrence since 1987 is gratefully acknowledged. 



EMERGING VIRAL INFECTIONS 
AND FLAVIVIRUS RESEARCH 



Nipah Virus-Considerations for Regional Preparedness 

P.W. Daniels1, J. Aziz 2, T.G. Ksiazek3, B.L. Ong 4, M. Bunnings, 
B. Johara 2, H. Field6, J. Olson" D. Hoffmann7, J. Bilou%nd Y. Ozawa9 

The discovery of Nipah virus In Malaysia has created a significant regional problem for 
countries in Southeast A\ia. to develop plans for an adequate response to this rnajor new emerging 
zoonotic disease. Biosufety of personnel cond~lcting field and laboratory investigations of suspect 
Nipati virus infections is a major priority. Sirlce pigs have functioned as a significant aliiplifying 
host. there is ;I need for consen\us o n  the riiks of the trade in pork and live pigs. Horses, dogs and 
cat\ have been shown suhceptihle to infection and so consideration has been given to the inler- 
national movement of these other aniinals. It is recommended that where on-going surveilla~ice 
indicates f'reedonl from active infections. the pig indu\try may be considered safe to continue 
operation\. A wildlife reservoir has bee11 postulated as the source of the virus, and Ptcropid and 
other species of bats implicated serologically. Studies are needed to confirm the wildlife species 
involved in the natur~ll ecology of the Nipah virus. and to allow assessment of the risk factors thnl 
nlay leiid to further 'junips' of Nipah iniection from wildlife to domestic ani~iial\ and to people. 

THE OUTBREAK of roonotic Nipah virus disease in 
pigs and people in Malaysia in 1998 and 1999 intro- 
duced a virus of greater importance and impact than 
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most ncwly emerging viral diseases. Large numbers 
of farmers died. more than 105. T h e  disease was  
controlled by 'stamping out '  of known and suspected 
infected pig herds. Over I. 1 million pigs were killed. 

The  emergence of  such a zoonolic disease causing 
the deaths of s o  many people s o  quickly is quite 
alarming. T o  deal effectively with this new threat 
may require changes in the management of veteri- 
nary and public health services and the pig industry. 
There is n o w  a n  awareness that unknown threats 
may arise at  any time. 

Although n o  human cases resulted from eating 
pork, nonetheless, sales of pork dropped dramati- 
cally. Consumer confidence in pork may recover 
only slowly. In the control of  the disease, half the 
pigs in peninsular Malaysia were destroyed, also 
s ~ ~ b s t a n t i a l l y  disrupting the pork industry and its 
export trade. Hence, the outbreak had enormous 
economic consequences. 

Specific issues include whether Nipah virus has 
been eradicated from domestic aninials and what  
needs to be done to  monitor the situation. Has Nipah 
virus spread to other countries through the movement 
of  infected pigs? Wildlife have been implicated as a 
potential source of the virus. Can  new infections 
occur in Malaysia or  elsewhere a s  a result of a new 
'jump' from the virus's wildlife reservoir? Veterinary 



authorities need to consider how to detect any new 
outbreaks in a timely manner, and to ensure that their 
spread is limited. 

This paper and a companion paper (Daniels et al. 
2000) provide information regarding the diagnosis of 
Nipah virus infections, and suggest strategies for 
managing a pig industry in the 'post-Nipah' era. 

The Nipah Virus Outbreak in Malaysia 

An epidemic from a single source 

In 1999. Nipah disease occurred at several locations 
in Malaysia and spread to Singapore. However the 
first cases of human Nipah encephalitis had occurred 
in the Ipoh district of Malaysia in early 1997. 
Testing of convalescent sera of these people showed 
antibodies to the new virus and irnmunohisto- 
chemistry showed Nipah viral antigen in brains from 
some deceased patients. Retrospective investigations 
in the lpoh area showed that the movement of 
disease from farm to farm could be traced to trading 
in pigs prior to people becoming sick. Large move- 
ments of pigs from Ipoh to other areas further south 
were associated with the later stages of the outbreak. 
Abattoir workers in Singapore became sick after 
processing pigs from Malaysia. Only people working 
in the pig industry became affected, mostly people 
actually handling pigs or closely exposed to sick 
pigs. Since the virus was spread from place to place 
by the movement of infected pigs. control was based 
on controlling the infection in pigs. 

A new virus isolated 

Initially, Japanese encephalitis (JE) was suspected 
because of this association of human cases with pigs, 
but JE control measures were not successful in 
halting the outbreak. In March, 1999. Dr Chua Kaw 
Bing and Professor Lam Sai Kit at the University of 
Malaya isolated an unknown virus from human 
patients (Chua et al. 1999). Rota et al. (1999) 
showed the new virus was related to but different 
from Hendra virus, a zoonotic paramyxovirus that 
had been associated with a small number of deaths of 
horses and people in Australia. The new virus in 
Malaysia was called Nipah virus, after the home 
village of the patient. 

A wildlife reservoir 

Although retrospective studies indicated that the 
Nipah epidetnic had a point source in the Ipoh 
district, the actual source of the virus and the means 
by which pigs became infected are not precisely 
known. Comprehensive studies of animals on farms 
and of wildlife have revealed that a substantial 

proportion of Malaysian fruit bats of the genus 
Ptc~r.oplrs had ne~~tralising antibodies to Nipah virus. 
By analogy, Pteropid fruit bats have previously been 
strongly implicated as the reservoir host of the 
related Hendra virus in Australia (Young et  al. 1996; 
Halpin et al. 1996; Williamson et al. 1998). In 
Malaysia, occasional bats of other genera in the 
Pteropid family have also shown antibodies. Until 
further evidence is available it is reasonable to con- 
sider that fruit bats may be the wildlife reservoir of 
Nipah virus. 

Nipah and Hendra viruses 

Both Nipah and Hendra viruses are newly discovered 
viruses in the family Paraniyxoviridae, and are more 
closely related to each other than to viruses of other 
genera in the Family. Other recently discovered 
members of the Paramyxoviridae in pigs, Menangle 
virus in Australia (Philbey et al. 1998) and La 
Piedad, Michoacan virus (LPMV or blue eyed pig 
disease virus) in Mexico (Moreno-Lopez et al. 
I986), are not closely related to Nipah virus. These 
other two v i r ~ ~ s e s  are in the Ruhlrla~~ir.~.~ genus (Berg 
et al. 1991; Westernberg et al. 1999), while Nipah 
and Hendra viruses are best classified in a proposed 
new genus in the Pararnyxoviridae family, and are 
more closely related to the genus Mor.hilli~~ir.~rs than 
to the genus Ruhulal,i/.lrs. 

Molecular analysis of Nipah and Hendra viruses 
(Wang et al. 1998; Yu et al. 1998; Rota et  al. 1999) 
showed that Nipah virus is different from Hendra 
virus at the nucleotide and amino acid levels. and 
should be classified as a new virus in the same group 
as Hendra. 

However, there are serological cross reactions 
between Nipah and Hendra viruses, which allowed 
diagnostic tests for Hendra virus to be used success- 
fully in the initial investigations of the Nipah virus 
outbreak. Hendra virus antigens in ELISA tests 
detect Nipah virus antibodies, and anti-Hendra virus 
antibodies detect Nipah virus antigens in irnmuno- 
histochemistry tests. Currently, ELISA tests for 
Nipah antibodies in domestic animals use reagents 
prepared from Nipah virus. 

Nipah Viral Disease in Animals 

Pigs 

Pigs may be thought of as the amplifying host for 
Nipah virus. The infection in pigs is frequently 
asymptomatic. 

Alternatively, pigs may show an acute febrile 
illness with temperatures of 40 "C or greater accom- 
panied by signs of respiratory and/or neurological 
disease. The respiratory signs ranged from open 



mouth breathing or increased or forced respiration to 
harsh non-productive cough, which lead to descrip- 
tions such as barking cough syndrome or 'one-mile' 
cough. The neurologic signs observed included head 
pressing, agitationbiting at bars. tetanic spasms, 
trembling and muscle fasciculation. Mortality in pigs 
was low, but has not been accurately quantitated. 
Sows and boars sometimes died without showing 
other clinical signs, or with a bloody nasal discharge. 
Abortion was an early sign in some sow herds. 
Nipah virus infection spread rapidly among pigs on 
an affected farm, suggesting a highly contagious 
disease. 

Experimental infection of pigs at AAHL repro- 
duced the respiratory and neurological diseases 
described on farms. Animals could be infected by the 
oral route. infections were frequently asymptomatic, 
and virus was isolated horn the throat and nasal 
passages of both diseased pigs and those not 
showing clinical signs. Rapid infection of in-contact 
pigs co~ifirrned the infection to be contagious 
(Middleton et al. 1999). 

The pathology of Nipah disease in pigs was dif- 
ferent from that in people, cats and dogs. The pri- 
mary lesion was a pneumonia with bronchiolitis, 
alveolitis and vasculitis. Viral antigen was present in 
vascular endotheliurn, in respiratory epithelium at all 
levels including the trachea, and in airway exudates. 
Syncytial cells were present in respiratory epithelium 
and vascular endothelium. In pigs, lesions of vascu- 
litis were not as marked elsewhere in the body as 
they were in other species. Lesions of encephalitis 
have not been seen in pigs: the CNS disease in this 
species is a primarily non-suppurative meningitis. 

Other species 

A sick dog in Malaysia showed respiratory distress 
and was semi-comatose. The lungs were consoli- 
dated and the kidneys were inflamed. Nipah viral 
infection was diagnosed by inimuno-histochemistry, 
with viral antigen in the kidney, among other organs. 
Importantly, serological studies of dogs in and 
around infected areas showed no evidence of trans- 
mission of Nipah virus infection from dog to dog. 

Of two experimentally infected cats. one showed 
fever, respiratory distress and became moribund 
while the other developed fever and respiratory 
disease and recovered (Middleton et al. 1999). Both 
cats excreted Nipali virus in their urine. 

All horses registered with racing authorities in 
Malaysia and Singapore. as well as a large number 
of other recreational horses, were screened serologi- 
cally-more than 3000 horses. The only place where 
reactors were detected was a polo club adjacent to 
the infected pig farms in the Ipoh district. A small 

nun~ber  of horses became infected, either on pig 
farms or on the roads in proximity to vehicles trans- 
porting pigs. Again, there was no evidence of spread 
of Nipah virus infection among the horses on this 
property. 

Serological investigations of other animals on pig 
farms, including goats, rats and other rodents has 
shown no evidence of spread of Nipah virus infec- 
tion among these species. 

Working Safely with Nipah Virus 

Nipah virus is obviously dangerous, and is best 
worked with in Biosafety Level 4 (BSL4) labora- 
tories, including the use of encapsulated air suits 
(Figure I ) .  Procedures that increase the amount of 
virus in the environment, such as virus isolation, 
antigen production, tests which involve growth of 
the virus in cell culture and the experimental infec- 
tion of animals should not be attempted except under 
BSL4 conditions of coiitainment. 

In countries where Nipah virus infections may be 
suspected, preliminary investigations can be made 
using the following principles. These will allow 
investigation of disease on farms, collection of 
specimens from suspected infected animals and 
processing of samples for approved laboratory exam- 
inations with minimum risk of infection to veterinary 
staff. 

Basic principles for such investigations are that: 
personnel be adequately clothed and equipped to 
~naximise their safety, and 
procedures that involve multiplication or propaga- 
tion of the virus either in vivo or in vitro should 
not be attempted. 
In a suspect Nipah virus investigation, all animals 

sampled and all sera should be considered infectious, 
and therefore dangerous, until they have been inacti- 
vated and/or tested negative. The most dangerous 
procedures are the clinical and post rnortem examina- 
tions, blood collection, separation of the serum and 
preparation of the serum for testing. Specific recom- 
mendations for working safely on the farm and in the 
laboratory are presented in Appendices 1 and 2. 

Protective clothing is important and the expense is 
not prohibitive. A face mask incorporating a HEPA 
filter, that filters virus particles. is available quite 
cheaply from the 3M company, for a few dollars. 
These are suitable for most farm and laboratory work. 
Staff conducting necropsies should have a higher 
level of protection, positive air pressure respirators 
that deliver HEPA filtered air to a breathing hood that 
covers the entire face (Figure 2). This equipment is 
more expensive, costing several hundred dollars. 
However, it is readily available from the 3M 
company. Central veterinary laboratories in the 



Figure 1. Scientists at AAHL working with Hendra v i r ~ ~ s  under Biosafety Level 4 conditions, wearing fully encapsulated 
suits with independent air supply. 

Southeast Asian region should consider being 
equipped and having a team trained to conduct field 
examinations safely. 

Laboratory Diagnosis of Nipah Virus 
Infections 

Since Nipah virus should be worked with only in 
BSL4 laboratories, indirect ELISA tests using inacti- 
vated antigens have been developed for various 
species. However, i t  is still necessary to ensure that 
the specimens being tested do not contain live Nipah 
virus. Sera are heat inactivated and detergent treated 
prior to testing to kill any infectious virus present. 
With ELISA tests, false positives may occur. Reactor 
sera may be sent to a BSL4 laboratory for con- 
firmation by serum neutralisation test (SNT), since 
the SNT is currently accepted as the 'gold standard' 
test for Nipah virus serology. The ELISA is a useful 
screening test in surveillance programs. 

Serology may identify a farm where further 
investigations are needed. Such farms and animals 
should be treated as infected until proven safe. The 
procedures for conducting on farm investigations 

and post mortem examinations have been outlined in 
Appendix I. 

Formalin fixed tissues are safe, and so immuno- 
histochemistry for the demonstration of Nipah viral 
antigen using an immunoperoxidase detection 
system is a most useful means of confirming active 
infection in animals that can be performed in most 
central veterinary laboratories. Nipah virus antigen 
has been detected in a range of organs from a 
number of species, during natural or experimental 
infections. Animals in the acute phase of infection 
should be selected for sampling, and a number of 
animals should be tested rather than single animals, 
especially if the investigation is in pigs. 

A slightly less safe alternative for the detection of 
Nipah virus in infected animal tissues is the reverse 
transcriptase polymerase chain reaction (RT-PCR), 
since the samples will usually be unfixed tissues. 
Nipah virus specific primers have been designed. 
However, PCR is a difficult technology to manage 
because of the possibility of false positive reactions 
from contamination. 

Virus isolation is the least safe method for demon- 
stration of the Nipah agent, and the procedure entails 



Figure 2. Scientists conducting field investigations of Nipah virus disease in Malaysia, wearing goggles and a face mask 
incorporating a HEPA filter (a) or a positive air pressure respirator, in which external air is taken in via a pump incorporating 
a HEPA filter and delivered by flexible hose to the head enclosed in a perspex and nylon full face mask. 

a high level of risk for laboratory staff. Virus On-farm surveillance - 
isolation is not recommended to play a major part in 
Nipah virus investigations. The case description for Nipah disease in pigs has 

been outlined above. N i ~ a h  virus disease should be 
declared a notifiable disease and suspicious signs of 

Surveillance and Disease Control illness in pigs reported to the veterinary services for 

Serological surveillance 
further investigation. 

Such reporting by farmers is a minimum require- 
In Malaysia, after Nipah ELISA tests were trans- ment for a safe pig industry. Otherwise any new out- 
ferred to the national veterinary laboratory, all pig breaks of Nipah virus infection in swine will again 
farms were tested twice within a 90-day period. be detected only by the deaths of farmers and farm 
Farms testing positive according to predetermined workers from Nipah encephalitis. 
epidemiological criteria were culled. An ongoing 
surveillance program will continually monitor the 
national pig herd to give confidence that no new 
Nipah virus infections are occuring. 

Since infections of pigs may be asymptomatic, 
serological surveillance is recommended for other 
countries that wish to confirm freedom from Nipah 
virus infection. The ELISA test is recommended as 
the screening test, but false positives will be 
detected. Before Nipah virus infection is diagnosed, 
ELISA reactors should be confirmed by SNT. 

Of course, the veterinary profession can do better 
than this. Nipah virus disease causes subtle changes 
in the disease pattern on farms. Recognition of such 
changes requires continuous recording of morbidity 
and mortality data, and evaluation of these records. 
Herd health monitoring would give timely early 
warning of new Nipah infections in pig herds. 

Animal production systems around the world are 
moving from small-holder systems to intensive 
systems. Herd health monitoring should be seen as an 
essential component of the management of intensive 



systems. A l t h o ~ ~ g h  there are computer programs to 
assist with herd health monitoring, a pencil and note- 
book call be just as useful. The essential activities are 
firstly to record data such as births, deaths, abortions 
and important signs of disease, and secondly to have 
these records examined or analysed by a trained 
person. Better co~ltrol of disease in the herd is 
possible, and so the farmer benefits financially. 
Managers of large pig farms in the 'post-Nipah' era 
have a responsibility to their workers and the public 
to monitor the health of the enterprises to ensure that 
undiagnosed disease problems are not causing risk to 
themselves and others. 

Biosecurity of farms 

Prevention and control of infectious diseases in the 
~iiodern intensive farm depends on two practices- 
surveillance for diseases or herd health monitoring, 
as noted above, and biosecurity. or the effective 
voluntary quarantining of the farm from the rest of 
the industry. 

In Malaysia. Nipah virus was transmitted from 
farm to farm by the sale and purchase of infected 
pigs, via the n o r ~ ~ i a l  trade in breeding stock and later 
by the sale of cheap pigs as farmers quit the industry. 
The epidemic could not have occurred if farn~el-s had 
a strict policy of keeping their farm self contained. It 
must be appreciated that the introduction of animals 
of ~lnknown health status carries the risk of intro- 
ducing disease, and that there are no easy profits 
from between farm trading of animals. 

Governments can legislate for biosecurity of 
farming enterprises, but the responsibility rests with 
individual fr~rniers. Farmers must be educated by the 
veterinary profession to understand the risks of 
accepting other people's unwanted pigs. Large 
investments need to he protected, not only from 
Nipah but also from the many other infectious 
cliscases of the pig industry. A Code of Practice. 
developed by people in the industry, has been 
suggested as a means of developing consensus on 
good farming practices. and voluntary compliance 
with those ob.jectives. 

The problem of a wildlife reservoir of Nipah virus 

An added cornplication in the case of Nipah virus is 
the man~lge~nent  of the risk of reinfection of pigs 
from wildlife. from fruit bats. At this point, until the 
involvement of bats is col~firmed and the natural 
history of the virus in the bats is more completely 
untierstood, it seems prudent that fruit bats be con- 
3idered the probable initial source of the Nipah virus. 
What has happened once can happen again. Hence 
pig farms should not be located in areas to which 

bats are attracted, such as orchard districts. Fruit 
trees should not be grown on pig farms. 

'I'rade and the Movement of Ailinials 

Nipah encephalitis of people crossed an international 
boundary through the movement of infected pigs for 
slaughter in Singapore. Govern~nents in Southeast 
Asia need a formal decision-making framework for 
the management of trade in pigs and pork that poses 
no risk of movement of Nipah infections. 

Consumption of pork has not resulted in the 
spread of Nipah viral infections, whereas the 
handling of live or recently killed infected pigs has 
resulted in hurnan disease. Issues to be considered 
include the asymptotilatic infection of pigs. the 
(unknown) period of viraernia and whether there is 
persistence of the virus in recovered animals. 
Criteria are needed whereby farms, regions or 
countries may be considered free of Nipah virus 
infection. Where there is a high probability of infec- 
tion occurring. clinical or serological surveillance 
inay be requested as evidence of freedom. 111 
countries that have never reported Nipah disease, 
acceptance of the status quo may be adequate. 

The international movement of companion and 
performance animals has also been disrupted to 
some extent by the Nipali virus outbreak. A number 
of countries require serological testing of horses, 
dogs and cats prior to their importation. OIE guide- 
lines w o ~ ~ l d  be useful for the management of the 
trade in such animals. Where national or regional 
freedom could be declared and recognised, require- 
ments for testing could become unnecessary. Again, 
a full description of the ecology of the Nipah virus 
in its wildlife reservoir would be helpful in lhese 
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Appendix 1 

Recommended Procedures for Working Safely on Farms where Nipah Virus Infection is 
Suspected 

I .  Where inspeclion or sampling of a farm for 
Nipah virus is conducted. appropriate protective 
clothing and safe work procedures s l i o ~ ~ l d  be 
adopted. 

2. On arrival at the farm. designate an area which 
includes the departmental vehicles as a 'clean' 
area. Ensure that any potential infection is not 
introduced from the aninial pens back into the 
clean area. Mark the boundary of the clean area 
so it is easily identified, and place buckets of 
disinfectanl at the boundary of the clean area 
and the potentially infected farm area. 

3. Before leaving the clean area, put on appropriate 
prolective clothing: 

long slceve overalls; 
rubber boots; 
gloves. taping these to the sleeves of the 
overalls, preferably two sets of gloves; 
eye protection (goggles, safety glasses or 
safety mask); 
nose and mouth protection (a  face rnask that 
will filter virus particles). 

If necropsies of affected animals are to be done, 
staff conducting the necropsy should wear 

positive air pressure respirators (PAPRs) and 
always wear double gloves. 

4. Before moving into the infected area, organise 
all equipment to minin~ise the number of tirnes 
staff will have to return to the clean area from 
the infected area. 

5.  Enter the infected area (animal pens) and con- 
duct a visual examination of the disease 
siluation. Note the health status of all animals, 
[he distribution of any sick or dead animals, Lhe 
location of any classes of animals to be sampled, 
and suitable locations to either establish a 
s~nnpling coordination area or to conduct post 
morteni examinations. 

6. If pigs are to be sampled for serum. establish a 
sarnpling coordinatio~i area where tubes can be 
labelled and recorded. If necropsies are to be 
conducted, select a site where contamination of 
other animals can be rninirnised and which can 
be cleaned and sterilised after the job is done. 

7. Within the infccted area, carry a spray bottle of 
viricidal disinfectant so that hands and equip- 
nient can be progressively washed and sterilised 
throughout the course of operations, to prevent 



the build up of conta~nination on people and 
equipment. 

8. When operations have been completed. collect 
all rubbish into appropriate containers. Place all 
needles or disposable scalpel blades into a 
'sharps' container. Place necropsied carcasses in 
a body bag ready for burial or burning. Spray 
the outside of tllc bag with disinfectant. 

9. Wash all visible contamination (blood, faeces) 
from equipment, boots, hands and clothing. Pro- 
ceed to the boundary of the clean and infected 
areas. 

10.  The outside of sampling containers (blood tubes, 
tissue jars) should be clean and sprayed with 
disinfectant. The containers should be tied in a 
plastic bag then placed in a transport container 
(ideally a plastic or metal container, but at least 
a plastic bag) and the outside of this extra con- 
tainer also sprayed with disinfectant. 

1 1 .  Spray all clothing, and wash boots in the 
buckets of disinfectant. Wash all equipment in 
the disinfectant before taking it to the vehicles. 
If waterproof overalls are to be reused, ensure 
that these have been cornplctely sprayed with 
disinfectant. 

12. After everything has been disinfected, move to 
the vehicles, store samples and equipment and 
remove protective clothing. If cloth overalls 
have been used. wet these in disinfectant and 
store in leakproof plastic bags. If disinfected 
waterproof overalls are to be reused, store these 
in clean plastic bags. 

13. Spray face masks and safety glasses again with 
viricidal disinfectant, and store for reuse. 

14. Discard items such as gloves and any other 
rubbish into biohazard or other strong plastic 
bags and tie the bag. (It is good practice to leave 

removal of the inner pair of gloves to the last 
step in thc undressing procedure.) At the lab, 
burn or autoclave the bag. 

15. If it is necessary to return to thc vehicles during 
the course of operations in the infected area, 
ensure disinfection of boots, gloves etc at the 
b o ~ ~ n d a r y  before moving from the infected to the 
clean area. 

16. The Racal positive air pressure respirators 
(PAPRs) supplied by the 3M company comprise 
a battery operated motor and air filter in a 
plastic case worn on the back, a head mask with 
perspex face shield and a flexible air hose 
linking the two. All exterior surfaces should be 
sprayed with disinfectant after operations. All 
components will be reused and should be kept 
clean and decontaminated. 

17. The batteries are recharged between use, ideally 
with co~nplete discharging first. 3M supply a 
unit for this purpose. When not in use batteries 
should be discharged and recharged at regular 
intervals to prolong battery life and to ensure 
equipment is always ready for immediate use. 

18. Filter cartridges in units need not be changed 
too frequently, say at intervals of a month if in 
heavy use. Protect the filter cartridge by placing 
a dust filter on top of the cartridge inside the lid 
of the unit. 

19. The cheaper face rnasks may also be reused. 
They should be kept clean and sprayed lightly 
with disinfectant after use, to remove surface 
contarnination. 

Appendix 2 

Recommended procedures for working safely in the laboratory with samples where 
Nipah virus infection is suspected 

1. Where testing for Nipah virus is requested, 
samples may be containinated with Nipah virus, 
and appropriate protective clothing and safe 
work procedures should be adopted. 

2. Blood samples should arrive bagged and in an 
outer container, and the tubes already disin- 
fected at the tirne of collecLion. Even so, staff 

opening containers or receiving blood tubes 
should be appropriately dressed: 

long sleeve laboratory gown, that does not 
open at the front; 
shoes that offer protection to the feet; 
gloves that pull over the sleeves of the gown; 
eye protection (goggles or safety glasses); 
nose and mouth protection (face mask that 
will filter virus particles). 



3. Conduct all operations in a Class I1 Bioha~ard 
cabinet, where possible: 
* open the outer container wearing full pro- 

tective clothing described above; 

spray the bag containing the tubes with 
disinfectant; 

place the bag of tubes in the biohazard 
cabinet and open it carefully, checking for 
broken or leaking tubes; 

spray tubes thoroughly with disinfecta~it. 
wipe dry, and place in rack for transport to 
the centrifuge; 

record tube n~lrnbers and prepare labelled 
serum tubes for receipt of separated serum. 

4. Centrifuge the blood collection tubes to clear the 
serum in the normal way, in a closed laboratory 
centrifuge. After spinning, allow the centrifuge 
to sit 5 minutes before opening. When opening 
the centrifuge, be sure to wear full protective 
clothing including Inask and eye wear. Centri- 
fuges can generate aerosols. 

5.  In the biohazard cabinet and wearing full pro- 
tective clothing, open each tube and use a dis- 
posable pipette to transtkr serum to a labelled 
tube. Dispose of pipettes and blood tubes in a 
biohazard plastic bag contained within the 
cabinet. 

6.  Whenever withdrawing tubes, waste disposal 
bags or the hands from the cabinet, disinfect 
with a disinfectant spray first. 

Rec,o/.rling and stor.in,q 
7. The testing laboratory may receive blood tubes 

for serum separation, or may receive sera 
already separated by a regional laboratory. 

8. Sera are labelled with a testing number and 
stored at 4 "C to await processing. 

S P I . I ~ ~ Z  p/.o(.e.~xi?~fi 
9. Sera are next aliquotted into inactivation buffer 

in masterplates as outlined in the ELISA 
protocol supplied with the reagents. This should 
be done in a separate room Srom the blood 
separation procedure, and this room not used for 
any other purpose. The only people to work in 
this room should be trained operators. wearing 
full protective gear and working in a certified 
bioha~ard cabinet. Sera in inactivation buffer are 
next heat inactivated, after which the sanlples 
are considered non-infectious. 

10. The renlaining serum in the tubes is stored in a 
-20 "C freezer that is not used for any other pur- 
pose and that is kept secure. These sera are con- 
sidered still infectious until tested negalive. and 
thc infectious status of the freezer is clearly 
indicated on the freezer. 



Flavivirus Research at the Armed Forces Research Institute 
of Medical Sciences, Bangkok, Thailand 

Timothy P. Endy' 

Abstract 

The Anned Forces Research Institute of Medical Sciences (AFRIMS) in Bangkok, Thailand was 
established in 1960. The Department of Virology has a long tradition of tlavivirus research that 
started with studies on dengue haemorrhagic fever (IIHF). AFRIMS has contributed to tlavivirus 
research with observation5 on the epidemiology of dengue and Japancsc encephalitis (JE) and the 
developnlent of key assays to test for these viral pathogens. Notable achievements were the 
developrrient of the plaque recluctio~l ne~~tralisation assay and the IgMflgC; enLyme immuno-assay 
Sor JE and dengue as well as the JE vaccine trial in Thai children. The Department oS Virology, 
AFKIMS. continues thi\ strong tr.adition of tlavivirus rcsearch iniliafed in thc 1960s. Today, 
scientific PI-otocols are being performed with both Thai and international coll;rboralors on the 
i~nrnunology of DHF, the pathogcncsis of asymptomatic dengue disease, the long-term circulation 
of dengue serotypes in Thailand and vaccine developnlent of a tetravalent dengue vaccine. 
Japanese encephaliti\ is an additional important focus of our tlavivirus research. Aclive research 
protocols are ongoing on the epidemiology and cl~nical manifestations of JE, the occurrence of 
natural JE inkction and irnrnunologic boosting in children vaccinated with the killed JE vaccine 
and the development of new second gcneratlon JE vaccines. The Department maintains a high 
level of expertise and is a resource on flaviviru5 diagnostics. the epidemiology and immunology of 
flavivirus diseases in Southeast Asia, and tlavivirus vaccine development. 

THE UNITED States Army Medical Component, 
Armed Forces Research Institute of Medical 
Sciences (USAMC-AFRIMS) has a long and distin- 
guished history of research in tropical infectious 
diseases. Established in 1958 as part of the Southeast 
Asian Treaty Organization (SEATO). USAMC- 
AFRIMS has been instrumental in documenting and 
reporting the emergence of dengue and dengue 
haemorrhagic fever, Japanese encephalitis, chikun- 
gunya, hepatitis A, hepatitis E, cholera, antibiotic- 
resistant enteric organisms, drug-resistant malaria, 
drug-resistant scrub typhus and HIV virus (subtype 
E). Its current extensive network of field sites 
throughout Southcast and Southwest Asia continues 
to provide essential infornlation on these diseases as 
well as potential emerging new infectious diseases. 

' Chief, Department of Virology, AI-med Forces Research 
Institute of Medical Sciences. 31516 Rajvithi Road, 
Bangkok, 10300, Thailand 

Epidemiology of Dengue in Thailand 

Dengue virus is the causative agent of dengue fever 
(DF) and dengue haemorrhagic fever (DHF) and has 
emerged in the last 50 years as one of the most 
important global health problems of the 20th century. 
In Thailand, the reported nunhe r  of cases of dengue 
disease has increased since 1958 to more than 5 0  000 
cases of DHF and D F  per year, with periodic out- 
breaks of more than 100 000 cases. Little is known 
about the long-term circulation of dengue serotypes 
and their association with epidemics and severe 
dengue disease in a country hyperendemic for 
dengue. 

A longitudinal diagnostic study of children with 
suspected dengue at the Queen Sirikit National 
Institute of Child Health (QSNICH, forrnally known 
as the Bangkok Children's Hospital) was conducted 
in Bangkok, Thailand from 1973 to 1998 (Nisalek et 
al. in prep.). During this period of observation 
17 277 children were admitted with suspected severe 
dengue disease, of whom 14 680 were diagnosed 



with acute dengue infection: 2276 serologically con- 
sistent with primary dengue and 12206 with 
secondary dengue. Dengue virus was isolated from 
4881 patients and identified as den-1 in 1241 
children (25% of all isolates), den-2 in 1575 (32%), 
den-3 in 1597 (33%) and den-4 in 468 (10%). 

The predominant isolated dengue virus serotype 
by year was: den-2 from 1973 to 1986; den-3 in 
1987; den-2 in 1988 and 1989; den-1 in 1990 to 
1992; den-4 in 1993 and 1994; and den-3 from 1995 
to 1998. No association was observed between 
specific dengue serotypes and severe dengue years. 

In one country hyperendemic for dengue, at least 
three dengue serotypes can be isolated in any given 
year. One predominant serotype emerges and re- 
emerges as the cause of the yearly epidemic over 
tlme without specific dengue serotypks associated 
with large epidemics. 

T11e Current State of Dengue Diagnosis 

A sapid im~nunochrornatographic test for IgM and 
IgG antibodies to dengue viruses was evaluated. The 
rapid test demonstrated 100% sensitivity in the sero- 
logic detection of dengue virus infection and was 
able to distinguish between primary and secondary 
dengue virus infections through the detection of IgM 
and/or IgG antibody. The specificity of the test for 
non-flavivirus infections was 88% (3 of 26 positive), 
while for JE virus infections the specificity of the 
test was only 50% (10 of 20). The rapid test denion- 
strated a good correlation with reference laboratory 
assays and may be useful for the rapid diagnosis of 
dengue virus infection (Vaughn et al. 1998). 

Understanding the Iinmune Response in 
Dengue Disease 

Fever, headache, eye pain and severe rnuscle and 
joint pain classically characterise the acute illness 
caused by dengue virus infection and described as 
dengue fever. Shock and haemorrhage associated 
with dengue infection, dengue hae~norrhagic fever 
(DHF), was first noted in Manila in 1953 and recog- 
nized in Bangkok, Thailand as a clinical entity in 
1958 (Gubler 1997). In 1958, there were 2158 
reported cases of DHF in Thailand with 300 reported 
deaths. 

Since 1958, Thailand has experienced a dramatic 
rise in the annual reported cases of dengue and is 
now considered hyperendeniic for dengue with 
periodic large outbreaka of disease occurring every 
three to five years. The reported annual incidence of 
DFIF increased from 9 per 100 000 in 1958 to 189 
per 100 000 in 1998. 

The largest reported outbreak of DHF in Thailand 
occurred in 1987 with 174 285 reported cases of 
DHF with an incidence rate of 325 per 100 000 
(Nisulak et al. 1999). Plasma leakage is the hallmark 
of DHF though little is known about the pathophysi- 
ology of severe dengue disease. 

Our group has ongoing studies that are demon- 
strating several important viral and host determinants 
of disease severity in dengue haemorrhagic fever. 
The association of viral factors such as certain 
dengue specific serotypes with more severe dengue 
disease and the demonstration that peak virus titre 
correlates with clinical severity have been recently 
demonstrated in our studies on dengue (Nisulak et al, 
1999, Vaughn et al. 1999). T lymphocyte activation, 
increased cytokine levels and apoptosis also 
correlate with early immune activation in acute 
dengue illness and is related to the development of 
plasma leakage and disease severity (Green et al.). 

Conclusion 

The Department of Virology, AFRIMS maintains a 
high level of expertise in the field of arbovirology 
and flaviviruses. It is a resource for information on 
regional viral disease threats, diagnostic assays, 
product development, vaccine field site develop- 
ment, and phase 111 vaccine trials. 
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Serological Responses to Japanese Encephalitis in 
Thai Swine 

Ananda Nisalakl 

Studies of Japanese encephalitis v i r ~ ~ s  (JEV) in Thailand have contributed lo  our understanding 
of the transmission cycle of JEV between Citli,.~ mosquitoes, swine and humans. Studies performed 
in the Chiangmai Valley. Northern Thailand in 1970 re\ealed that JEV infections in senlinel and 
indigenous sh ine  occur every month in Thailand except during January and February. Most infec- 
tions occur in a 2-3 ~nontli  period. t'rorn Mnq to July. The role of vector densit) and JEV trans- 
mission was studied in three suburban communities in Bangkok from January to June 19x7. All 
three co~nmuni t ie \  demonstrated comparable rates of trnnsmission of JEV to sentinel swine despite 
one com~nuni ty  having a fraction of the mosquito density of  the other communities. Peak sero- 
conversion rates in \wine preceded the peak mosqulto density. In 1985. a field study of JEV 
demonstrated the isolation of virus in ~nosqui to  pool\ at the same time that infections \\.ere noted 
in sentinel swine. Of 63 seronegatiie swine placed in f i \ e  villages, 58  seroconverted and JEV was 
isolated in four suine .  Serologic studies of swine in 1993 demonstrated that JE-specific IgM is 
detected first followed b) haelnagglutination inhibition and IgG antibody. Both virologic and hero- 
logic data de~nonstrated that 35%. 80% and 1 0 0 4  of sentinel swine became infected by study days 
8. 17 and 57  respecti\el>. Understanding this transmission cycle and the serologic re\ponse of 
su ine  to JEV infection as s en t ine l  for Iiuman disease will further our ~~nders tanding of the patho- 
genesis of this disease. 

JAP.ANESE encephalitis (JE) virus is a mosquito-borne 
tlavivirus first isolated in Japan in 1935 from the 
brain tissue of a fatal encephalitis case. Early 
epidenliological studies demonstrated the seasonal 
occurrence of this disease in Japan and suggested that 
an insect vector may be transmitting the virus. In 
1938. the virus was isolated from C1rle.r tr.itaenio- 
i~ll~r~c~liirs mosquitoes and subsequently shown to be 
its principal vector. Since the first clinical descrip- 
tions of this disease. much has been learned about the 
epidemiology of JE. High JE seroprevalence rates has 
been \yell documented among pigs. horses. and in the 
bird population in Japan and several other countries. 
Other vertebrates including cattle, sheep. dogs, and 
monkeys have also been found to have appreciable JE 
seroprevalence rates. Pigs are considered to be the 
primary amplifying host of JEV. The peak seasonal 
occurrence of JE varies geographically. In Thailand. 

' Department of Virology. Armed Forces Research Institute 
of Medical Sciences 

epidemic peaks occur between late June and early 
August or September. In China. Japan, and Korea. 
epidemic peaks tend to be in August. 

Studies at AFRIMS 

In 1969, an epidemic of Japanese encephalitis 
occurred in the Chiangmai Valley and other areas of 
northern Thailand. Several epidemiological studies 
of JEV in Chiangmai Valley were conducted by 
AFRIMS from 1970 to 1971. These studies 
examined the relationship of rainfall. Cules mosquito 
density. human encephalitis cases and JEV infections 
of sentinel pigs. The studies demonstrated that JEV 
transmission to pigs and humans is highly endemic 
in Northern Thailand and occurs throughout the year. 
Peak incidence of cases occurs during the rainy 
season and correlates with the vector density and 
infection rate in swine. 

Studies by AFRIMS from 1985 to 1987 explored 
the relationship of JE and vector density during an 



urban o ~ ~ t b r e a k  of this disease. In 1985, an unex- 
pected outbreak of Japanese encephalitis occurred in 
Bangkok. An epideniiological survey was initiated in 
three suburban areas. C~rlcn rr~iru~~niol-h~t1(.11rrs and 
CY Gc~1idzr.s comprised 71-96%~ of all ~nosquitoes 
collecred by COz-baited CDC traps at the three sites. 
JEV was isolated in both species and the minimal 
infection rate (MIR) was comparable in both species. 

'The proportion of sentinel pigs that had JE anti- 
bodies increased proportionately and correlated with 
vector abundance at each site. Vector abundance was 
highest during the monsoon (May-October), mod- 
erate during the transition seaaon (March-April and 
November-December), and lowest during the dry 
(Jariuary-February) seasons. 

Mosq~~i toes  collected during the nlonsoon yielded 
the greatest amount of Jti isolates. Swine serocon- 
versions were greater during the monsoon and tran- 
sition seasons than in dry seasons. Indices of JE 
transmission activity (vector abundance, pig sero- 
conversions, and MIRs) increased proportionately 
with rainfall. 

In 1985, AFRIMS conducted a field trial study 
using an inactivated Japanese encephalitis vaccine 
(Biken) in 65 224 school children in Kaniphangphet 
province, Northern Thailand. Studies of the trans- 
mission of JEV were included in the vaccine trial. 
Two sentinel pigs. seronegative for JEV. were placed 
in each village throughout the province every two 
weeks during the vaccine trial. Mosquitoes were 

collected at each site and swine tested for sero- 
conversion to JEV every two weeks. 

Results of the survey demonstrated that trans- 
mission of JEV was widespread. JEV was isolated 
from mosquito pools (the first sample was collected 
in the last week of May), and new anti-JE antibody 
was detected ill a serum sample collected from a 
sentinel pig o n  24 May, 1985. Of 54. seronegative 
pigs placed in five villages, 48 seroconvel-ted. JEV 
was recovered from the blood of f o ~ ~ r  pigs. 

In 1993, studies conducted at AFRIMS examined 
swine as a potential animal model for JEV vaccine 
testing. Antibody analysis after acute JEV infection 
demonstrated that JE-specific IgM is detected first 
followed by haemagglutination and IgG antibody. 
Both virologic and serologic data demonstrated that 
35%, 80% and 100'Xj of sentinel swine became 
infected by study days 8, 17 and 57 respectively. 

Conclusion 

Pigs are important in the transmission cycle of JEV. 
Virtually all-domestic swine that becamc infected 
develop viraemia capable of infecting mosquitoes. 
Our studies with sentinel swine demonstrated that 
they became infected within one week of entering an 
endemic region with infection occurring throughout 
most of the year. Serologic data demonstrated that 
anti-JEV IgM is detected first followed by haemag- 
glutination-inhibition and IgG antibodies. 



Genetic Variations in Chinese Field Strains of 
Hog Cholera Virus 

Zongji Lu, Hongwei Li, Changchun Tul, Xinglong Yu, Yuehong Li and 
Zhen Yinl 

RT-PCR was employed to amplify the portion of the E2 gene encoding masor immunogenic 
site!, at the N terminal of the hog cholera virus E2 glycoprotein. This fragment was amplified 
directly fro111 23 field strains from hog cholera (HC) tissue samples, which had been ~.esponsible 
for serial HC outbreaks in nine geographically distinct provinces in China. Computer-based phylo- 
genetic relationships among these strains and reference strains were obtained by analysing 
nucleotide sequence data. This resulted in classification oT the 23 strain\ into two major groups. 
Nineteen belong to Group 2 and were further subdivided into Subgroups 1 ,  2 and 3. Thc remaining 
four strains, together w ~ t h  the Chincse reference Shi~nen and attenuated vaccine C strains, belong 
to Group I. These findings reveal, surprisingly, that HCV field strains prevalent in China in recent 
years are genetically divergent from the Shimen and vaccine C strains, indicating a different origin 
for this virus in China. 

Hoc; CHOLERA (HC), caused by the hog cholcra 
virus, a pestivirus belonging to the Flaviviridae 
family, is a highly contagious domestic animal 
disease worldwide, having important economic 
ramifications. The disease first occurred in the 1920s 
in China, where now there are two standard HCV 
strains, a virulent Shirnen strain and an attenuated 
vaccine strain. The latter, appearing in 1957, was 
derived from serial passages of virulent Shimen 
strain through rabbits, and so is now known as hog 
cholera lapinised virus (HCLV). Since that time, 
HCLV has been used in China as a unique vaccine 
strain to prevent HC in pigs (Yin et al. 1997). 

After spreading gradually worldwide, HCLV 
became known as 'C' strain. Because of a nation- 
wide immunisation policy of twice-yearly inocula- 
tions of pigs, in spring and autumn, hog cholera is 
well controlled in China. with large-scale outbreaks 
rarely seen. However, sporadic onsets can be found 
each year. 
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It is noteworthy that a mild and atypical form of 
hog cholera, having a long duration, atypical clinical 
and pathological symptoms, and relatively low 
morbidity and nlortality, has been observed often 
since the late 1970s, and that a certain proportion of 
vaccinated pigs contract it. The reason for this 
remains unknown, but is assumed to be due either to 
insufficient imtnunisation caused by non-rationalised 
vaccination procedures, or to a genetically variant, 
less virulent HCV. 

Although serologic iuvestigation has not shown 
different serotypes, studies using monoclonal anti- 
body typing (Lowings et al. 1996), gene sequence 
analysis (Lowings et al. 1994, 1996; Vilcek et al. 
1996) and restriction enzyme mapping (Lowings et 
al. 1996) have shown distinct HCV genetic groups, 
thus furthering understanding of IlCV molecular epi- 
demiology and evolution. However, this kind of 
work has not been carried out in China, a geographi- 
cally huge country, where exist factors likely to 
influence virus variation and evolution. Such factors 
include a cotnplex ecology, the coexistence of 
various animal husbandry methods. a vaccination- 
based disease eradication policy, and highly mobile 
com~nercial herds. 

In order to understand HCV's genetic history in 
China, we have analysed E2 gene variation in 



23 HCV field strains by nucleotide sequencing and 
phylogenetic analysis. The 23 strains cover 23 sites 
in nine provinces, almost one-third of the country. 
Secl~~ence data obtained from this fraction of the 
country reveal the existence of at least two distinct 
HCV groups in China. Most of the strains prevalent 
in recent years are clustered in Group 2 and are sur- 
prisingly divergent from the classical Shinien and 
vaccine HCLV strains, both of which belong to 
Group 1. Thus, a different origin of HCV in China 
has been proposed. This investigation has yielded 
results similar to those of previous studies (Hofmann 
et al. 1994: Lowings et al. 1996; Vilcek et al. 1996). 

Materials and Methods 

Viruses 

All 23 HCV field strains used were from spleen or 
lymph node tissue samples from pigs that died from 
clinically-diagnosed HC. Each of the 23 san~ples was 
collected fi-o~n a different site in nine Chinese 
provinces; thus, each strain was taken from a single 
site. The area involved in the investigation comprises 
about one-third of China. 

R'J-PCK and sequencing 

One set of degenerate prin~erswere chemically syn- 
thesised based on a previously published study (Low- 
i n g ~  et al. 1996). Sense primer is S'TC(GA)(AT) 
CAACCAA (TC)GAGATAGGG.?' corresponding to 
Alfort position 2467-2487. Antisense primer is S'CA 
CAG(CT)CC(AG)AA(TC)CC(AG)AAGTCATC 3' 
corresponding to Alfort position 2738-27 16 (Meyers 
et al. 1989). 

Total RNA, prepared directly from collected 
tissue samples, using TRlzol reagent according to 
the manufacturer's (GibcoIBRL) instructions, was 
used to amplify a region encoding predominant 
neutralising epitopes at the E2 N terminus by pre- 
viously established RT-PCR protocol (Li et al. 
1998). Utilising ABI PRISM 377 DNA Sequencer, 
PCR products were gel-purified and automatically 
sequenced without cloning. 

Phylogenetic analysis 

DNAsis computer software (MITACHI Software Co. 
Ltd) was used to construct a phylogenetic tree of 
HCV strains. In addition to the 23 nucleotide 
sequences and their derived amino acid sequences 
obtained in this study, six reference sequences repre- 
senting two groups and four s~~bgroups were 
retrieved from the GenBank database: Shimen 
(Accession No. U72047, Li et al. 1998) and HCLV 
or C (Accession No. 72048, Li et al. 1998), Alfort 

(Accession No. 504358, Meyers et al. 1989), Brescia 
(Accession No. M31768, Moor~iiann et al. 1990). 
C I W (Accession No. L36 164, Lowings et al. 1994) 
and ALD (Accession No. D49532, Ishikawa et al. 
1995). 

Results and Discussion 

Sequence-based phylogenetic analysis is a powerful 
tool widely used for molecular epidelniology and 
viral evolution. The current study shows that the 
region encoding predominant neutralising epitopes 
on the E2 gene 5' is not highly variable, but variable 
enough (van Rijn 1993) to distinguish HCV groups. 
A~lalysis of this region is highly consistent with the 
results for the 5' NCR region, NSSB region, and 
even lnonoclonal antibody typing (Lowings et al. 
1996). 

Utilising sequence data analysis. extensive study 
of phylogenetic relationships among HCV isolates 
from more than 200 samples revealed HCV's world- 
wide r~~olecular epiden~iology history (Hofmann et 
al. 1994; Cieerts et al. 1995; Lowings et al. 1996, 
1999; Stadejek et al. 1996; Vilcek et al. 199. Vilcek 
and Paton 1998; Harasawa and Giangaspero 1999; 
Widjo.joatmodjo et al. 1999). However, there exists 
no relevant information for China. 

China has veterinary world importance, not only 
because it is geographically huge, but also for the 
following reasons. HC has been endemic in China 
for more than half a century; o~~tbreaks were domi- 
nated by typical and acute infection of pigs at all 
ages with high morbidity and mortality before the 
1970s, then featured atypical and chronic infection 
and sporadic onset with relative low morbidity and 
mortality since the 1980s. 

In recent years, infection of piglets has been seen 
rnuch more frequently than of young and adult pigs. 
In addition, China has pigs numbering 475 million, 
the largest in the world. This. coupled with China's 
vaccination-based control policy and the high 
rnobility of con~n~ercial herds, maximises oppor- 
tunities for HCV transmission. 

In order to understarid the background of HCV 
molecular epidemiology in China, and to make this 
kind of analysis comparable to a previous study 
(Lowings et al. 1996), the exact same primer set was 
used to sequence the partial E2 gene of field strains 
collected in China so far. Nucleotide sequences or 23 
Chinese field strains, along with six reference 
sequences, were aligned and compared to analyse 
variation and determine the phylogenetic relationship 
among the strains (see Figure I). It was determined 
that the 23 field strains could be divided into two 
ma.jor groups with a nucleotide homology of less 
than 80%. Most, 19 of the 23, were genetically 



SHIMEN SEQ 

JL3 (98) SEQ 

XZI (98) SEQ 

Subgroup 1 1 
Group 1 GX1 (98) SEQ 

J lNl  (98) SEQ 

ALD SEQ 

HCLV SEQ 

Subgroup 1.2 - BRESCIA SEQ 

GD8 (98) SEQ 

GD4 (93) SEQ 

HUB1 (98) SEQ 

GD1 1 (99) SEQ 
Subgroup 2 1 93 3% 78 2% 

HEN1 (98) SEQ 
93 0% 

YN3 (97) SEQ 

YN1 (97) SEQ - 
90 7% 

GX 3 (98) SEQ 

ALFORT SEQ 
Subgroup 2.2 

92 0% 

Group 2 GDl  (90) SEQ 

C1 W SEQ 

JLI  (94) SEQ 

GD2 (93) SEQ 
95 2% 

GX2 (98) SEQ 

JIN3 (98) SEQ 

Subgroup 2 3 GD9 (98) SEQ 94 4% 

HEN3 (98) SEQ 

JL2 (94) SEQ - 91 1% 

NMG1 (98) SEQ 

GD6 (96) SEQ 

QH1 (98) SEQ 

Figure 1. Key to field-strain dchignation: Capital letters indicate the provincial locatio~l of the vit-uh strain, i.c. JL: JiLin: 
XZ: XiZang; GX: GuangXi: GD: GuangDong: HUB: HuBci; HEN: HcNan: YN: YunNan: NMG: NciMongGu; and 
QH: QingfIai. The numbers following the letters indicate the order in which the strain\ were collected. Parenthes~hed 
numbers indicate the year that the virus strain was collected. Rekrcnce strains al-c identified by their original liltines from 
previou\ publication\. Pelcentages reprehent the homology hetween two lineages. 

divergent from the classical Shimen strain (isolated 
in the 1950s and now a Chinese reference strain), 
their variation, compared with Shirnen and HCLV, 
existing in the E2 gene. The 19 strains, together with 
Alfort and C1W (an Italian field strain isolated in 
1985), belong to Group 2 and could bc further 
divided into three subgroups. The remaining four 
strains, together with Brescia, ALD, HCLV and 
Shimen, belong to Group I .  This would indicate that 
our classification is comparable to those published 
previously (Lowings et al. 1996; Stadejck et al. 
1996; Vilcek et al. 1996). 

The phylogcnetic tree shows that all seven strains 
from GuangDong province (GD strains), belong to 
Group 2 and could be further divided into three sub- 
groups, indicating HCV variety in the province. 
Located at extreme south of China, GuangDong is 
one of the most economically developed of thc 
Chinese provinces. It has had heavy pig trading, with 
most of its pig populations having been introduced 
frorn overseas, as well as from inner Chinese 
provinces. The high pig herd mobility would suggest 
cross-transmission of divergent HCV strains in that 
area. 111 addition, an evolutionary relationship  night 



be deduced from the fact those seven G D  strains 
have spanned 10 years, frotn 1990 to  1999, implying 
a possible relationship with Alfort, since the oldest 
strain, G D I ,  was closest to  it. This l'inding would 
explain how the European H C V  strain was  trans- 
mitted to China. HCV variety was  also fhund in 
neighbouring GuangXi Province (GX strains), where 
two groups of FSCV exist: strain G X I  belongs to 
Group I ,  whereas strains G X  2 m d  1 belong to 
Group 2. 

Of six references, four virulent strains, Alfort, 
Brescia, C I W  and ALD,  were previously clustered 
into four subgroups (Lowings et al. 1996) and were 
taken in this study as lineage references. These four 
reference sequences confirmed the reliability of our  
grouping of  2 1  Chinese field strains into two major 
g r o u p s a t l d  four subgroups. Moreover, three of  the 
reference strains, though not Brescia, revealed close 
counterparts to Chinese strains in their lineage, indi- 
cating evolutionary origins for  Chinese H C V s  other 
than the one  frorn which Shimen derived. 

This  is a first report o n  HCV tnolecular epidetni- 
ology in China. Although the data obtained s o  far are 
litnited, thorough investigation is under way to deter- 
mine nationwide H C V  variation. 
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DNA-mediated Protection Against Hog Cholera Virus 

Xinglong Yu, Chanchun Tu, Hongwei Li, Changfu Cheng, Zousheng Li, 
Zhen Yinl 

Four DNA fragments encoding hog cholel-a virui (HCV) E2 glycoprotcin with different function 
motifs were obtained by PCR an~plification. Four corresponding eukaryotic cxprcsiion plasliiids 
were constl-uctcd and dcsignatcd as: (a) pcDST containing the cntit-e E2 gene insertion with the 
signal sequence at 5' crld and the t r a n s ~ n e m b ~ ~ n e  one at 3' end; (b) pcl>SW containing the E2 gcne 
insertion with the signal, hut not the transmembrane sequence: (c) pcWT containing the E2 gene 
inscrtion with tmnsmembranc, but not the 3ignal sequence; and (d) pcDWW containing the E2 
gcne inertion without both the signal and the translnembranc sequences. All four. plasmidi have 
been readily transfcctcd in BHK cclli with pcDST and pcDSW capable of secreting E2 antigen. 
Plasmids pcDST and pcTlSW were shown to induce humoral immune reyonse against HCV in 
mice when administered intramuscularly. but no immune responses were detectcd with cither 
pcDWT or pcDWW. The ~untihody level elicited hy pcDSW was higher than that ~nduccd by 
pcDST. The rcsul~s showed the diffcl-ent function motif of E2 gene excrtcd a significant influence 
on DNA-~nediated immune response. When the pcl>SW was used to irnmunise rabbit., and pigs, 
hoth rabbits and pigs were shown to be protected fl-orn the virulent challenge of HCV (hog cholera 
lapiniaed vil-us to]- rabbit\ and Shinlen stl-ain for pigs). 

1 3 0 ~  CHOLERA (FIC), characteriscd by \ymptolns of 
haemorrhagic fever and immune depression, is a 
contagious swine disease usually leading to sub- 
stantial economic losses. The pathogen is HC virus 
(HCV), a ~nember  of pestivirus genus, Flaviviridae 
l'arnily. and also known as classical swine fever virus 
(CSFV). The hog cholera lapinised virus (1-ICLV) 
vaccine, developed in China in the 1950s, has played 
a key role in the control of the pandemic of hog 
cholcra. However, an atypical form of HC and 
imniunisation failure has e~nerged in China since the 
1970s. especially in rccent years. Infection of piglets 
has been seen much more frequently than in young 
and adult pigs. In some countries such as Germany 
and The Netherlands where HCV had been 
eradicated, thc epideinic of HC ernergcd again. It is 
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important to develop a safer and more efficacious 
vaccine with a new type of f IC  strain in control of 
hog cholera. 

DNA vaccine can be developed as an alternative 
to the traditional vaccines. Vaccinalion of DNA con- 
structs encoding prominent im~nunogens of viruses 
has been shown to induce antiviral irnmunity in 
variou\ animal models. For example, HIV 
(MacGregor el al. 1998; Ugen et al. 1998; Boyer el 
al. 1999). HBV (Yuen et 31. 1999) and malaria 
(Wang et al. 1998) in humans; BHVl (Hurk et al. 
1997; Lewis et al. 1999) and BRSV (Schrijver et al. 
1997, 1998) in bovine and FMDV ( H u a n  cl al. 
1999; Ward et  al. 1997), PRV (Gerdts et al. 1999: 
Haagnians et al. 1998), PRRSV (Pirnadeh and Dea 
1998) and E. c,oli (Turnes ct al. 1999) in swine. 
Although some host animal trials have been shown 
to be promising in protection against the viral 
challenge, n ~ u c h  more remains to be done to enhance 
the efficacy of the naked DNA vaccination. The 
ob.jective of this study was to determine the HCV- 
specific immune responses elicited from the DNA 
constructs and the animal protection from a virulent 
challenge. 



Materials and Methods performed with the LIPOFECTIN reagent (Life 

Construclion of eukaryotic expression plasmids of 
E2 gene of HCV 

There is a signal peptide preceding the mature El  
protein and three transmembrane domains at its C 
terminus. Four E2 gene fragments were amplified by 
PCR using plasmid pHCE2 as template (Li 1998) to 
contain various combinations with or without the 
signal sequence and the sequences of the trans- 
membrane domains. The primers were chemically 
synthesised as shown in Table 1 .  

'The underlined sequences of the primers are 
corresponding to the E2 gene sequences. The 
remaining sequences arc for restriction enzyme sites 
for cloning purposes. The CCACCATG sequence 
has also been adeed to enhance the translation level 
of E2 gene acording to the Kozak rules (for forward 
primers). Forward primer Ps contains the signal 
sequence and Pws not. Reverse primer Pt contains 
the transrnenlbrane sequence and Pwt not. Random 
combination of forward and reverse primers would 
lead to the PCR amplification of four different E2 
gene fragments. The PCR procedure was as follows: 
95. 60S, 60. 70S, 72. 60S, 30 cycles. In order to 
construct HCV DNA vaccine plasmid. each of the 
four amplified E2 gene fragments was digested with 
Ban1 HI and Eco RI and then cloned into the same- 
enzyme digested plasmic pcDNA3 (Invitrogen). The 
in-frame sequence of E2 gene fragment in each 
plasniid was verified by auto-sequencing using ABI 
PRISMTv 377 DNA sequencer. 

Bacterial transformation and plasmid preparation 

Transformation of E. c,oli and the DNA plas~nid 
preparation were done according to the method as 
described (Wicks et al. 1995). The concentration and 
purity of plasmid DNA were assayed by measuring 
the absorbency at 260 nm and 280 nm with Gene- 
Quar~t (Pharmacia). 

Evaluation of eukaryotic E2 expression plasmids 
in vitro 

The expression efficiency of the E2 gene of the four 
plasniids was analysed by in vitro transfection of 
BHK-2 1 cells followed by direct ELlSA detection of 
the cells and culture supernatants. Trunsfection was 

Table 1. The primer sequences used to amplify the different 1 

~echnologies) according to the manufacturer's 
instructioris with the following modification. Briefly, 
the mixture of DNA and LIPOFECTIN Reagent was 
placed on 40. 60% confluent monolayer of BHK-2 I 
cells for 12 hours. The suspension was replaced by 
Gibco RPMI 1640 containing 10% newborn calf 
serum and 40 yg/mL of Gllx. The cells were 
incubated at 37. for 10 days to let the transfected 
cells be confluent and the untransfected control cells 
be dead. 'Then the Gllx resistance cells were 
passaged one more time by repeating the above pro- 
cedure. Forty-eight hours later. the Gllx resistance 
cells and the culture supernatant were harvested for 
assaying the E2 expression by direct ELISA. The pig 
anti-HCV antibody was prepared as described by 
Tsai Chun Liii (1969). Peroxidase-conjugated anti- 
HCV antibody was made by the method similar to 
that described by Wilson et al. (1978). 

lnimunisation of mice 

Female 18. 20 g K M  mice were purchased from the 
Laboratory Animals Center of Changchun Institute 
of Biological Products. Prior to the vaccination, the 
mice were anaesthetised by i.p. injection of 0.2 mL 
saline containing ketamine and xlyazine (100. g/g 
and 10. g/g body weight, respectively). The DNA 
vaccine was prepared by diluting the purified DNA 
preps to lpg/yl in PBS. Approxitnately 100. g of the 
DNA vaccine plasniid were given to each mouse 
with 50 ug DNA in.jected to the tibias anterior (TA) 
area of each hind leg. A total of six mice was inocu- 
lated with each of the plasmid preparations. Mice 
inoculated with the same amount of blank vcctor 
pcDNAi were used as control. The mice were immu- 
nised at weeks 0, 2 and 4 and the sera were collected 
by tail bleeds at weeks 3 ,  4, 5, 6, and 7 .  

Kabbit immunisation and challenge 

Six New Zealand white rabbits (about 2 kg) were 
purchased from the Laboratory Aninlal Center of the 
university. They were divided into three groups 
(pcDST, pcDSW and pcDNA3 as control). Two 
rabbits were given for each group. The rabbits were 
injected intra~nuscularly at the TA areas of two legs 
with 0.5 mg per leg of [he vaccine DNA preparation 
and intradermally (id.) at 10 skin sites on the back 

S 2  gene fragments 

Prirncr 
- -  

P\ S'.CGGGATCCGCC ACC ATGGTATTAAGAGGACAGGTC GTGC -3' 
I-'w\ j'*C GGGATCCGCCACCATGGGCCGGCTAGC CTGCAAG-3' 
Pt 5'*CGGAATTCCTACTGTAGAC CAGCGGCCJAGCTGTTC'.~' 

Primer.; location in thc E2 gene 
-~ ---- - 

Pwt S'*CC;GAATTCCTAGTC'AAAACCAGTA('TCGCC*3' 966. 984nt 



(20 p g  per site). The inoculation was repeated three 
times at two-week intervals. All imrnunised rabbits 
were challenged with a dose of 10 MID HCLV two 
weeks after the last immunisation. 

Immunisation of pigs 
Eight pigs at two months of age were purchased 
from a HCV-free farm on the outskirls of Changchun 
City. The pigs and their sows had never been vacci- 
nated with HCV vaccine and their sera were testcd to 
be HC-negative by indirect ELISA (Yu et  al. 1999). 
The immunisation protocol was the same as 
described for the rabbits. Six pigs were imnlunised 
with pcDSW and two with pcDNA3 as control. 

Antibody assays 
Anti-HCV antibodies werc detected by an indirect 
ELISA using the recombinant E2 as antigen 
according to the method described previously (Yu et 
al. 1999). Briefly, each well of Nunc immunosorb 
plate was coated with 1.2. g recombinant E2 antigen 
in carbonate buffer saline (CBS, 0.05M pH9.6) for 
overnight at 4. and then blocked for 1 hour at 37. 
with 3% gelatin in PBS. Serum samples were diluted 
in PBS at 1. 200 prior to the addition to the appro- 
priate wells. After 2 hours of incubation at 37. the 
plates were washed three titnes with PBS/O.OS% 
Tween-20 and then added with anti-mouse (or pig) 
peroxidase-conjugate (Sigma). After repeating the 
above incubation and washes, the plates were added 
with 0.045% H202 and OPD (0.4 mg/mL) in 
phosphate-citrate buffer (0.1 M citric acid, 0.2 M 
sodium phosphate dibasic). Allow the reaction for 
30 minutes and add 2 M H2S04  to stop the reaction. 
Absorbency at 490 nm was read on a DG3022A 
ELISA-Reader. 

Results 

HCV E2 expression in vitro cells 
In order to determine whether the signal sequence 
and the transmembrane domain of E2  gene of HCV 
exert any influence on the immune response of DNA 
vaccine, four different plasmids, pcDST, pcDSW, 
pcDWT and pcDWW, were constructed and then 
used to transfect BHK-21 cells. Each plasmid- 
transfected cell and their culture supernatant were 
assayed respectively by ELISA for HCV E2 expres- 
sion. The results showed that E2 products could be 

detected front the cells transfected with plasrnids 
pcDST and pcDSW, but not with pcDWW and 
pcDWT. Moreover, E2 expression was detectcd in 
the culture pellets of cells transfected by both pcDST 
and pcDSW and in the culture supernatant of 
pcDSW-transfected cells as well, but not in the 
supernatant of pcDST-transfected cells based on the 
EL-ISA assay (data shown in Table 1). These results 
suggested that E2 glycoprotein could be anchored on 
the cell membrane by the expression of trans- 
rnernbrane donlain of E2 gene and could only be 
secreted into the culture supernatant as the trans- 
membrane domain was deleted. 

Comparison of mouse immune responses induced 
by four different plasmids 

Four plasrnids were used to imrnunise the four 
mouse groups with six mice in each group. The 
collected sera were diluted 200-fold and their anti- 
body responses against HCV were evaluated by an 
indirect-ELISA ~lsing the reco~nbinant E2 as antigen 
(Yu et al 1999). Serum convcrsion was judged by the 
ratio PIN* 2.0. 

The results showed that the Inice irnrnunised with 
pcDST and pcDSW exhibited serum conversion at 
week 4 (i.e. 2 weeks after the second immunisation). 
The antibody responses were increased gradually to 
week 7, the end of bleed. The specific antibody level 
induced by pcDSW was slightly higher than that 
induced by pcDST (Table 3). However, immune 
responses were not detected for either pcDWT or  
pcDWW (data not shown). 

Protection of rabbits against HCLV challenge 

Plasmids pcDST arid pcDSW were used to vaccinate 
rabbits. All irnntunised rabbits were challenged with 
a dose of 10 MID HCLV two weeks aftel- the last 
immunisation. The body temperatures of the rabbits 
were measured twice a day for 3 days before 
challenge and for 2 days after challenge, and then 
4 times a day for 2 weeks 2 days after challenge. 

After challenge, pcDNAl controls were deemed 
not to yield immunity against HCLV infection since 
a significant increase of body temperature over I 
was observed at 84-96 hours after challenge and 
lasted for about 36 hours. In pcDST group a mild 
increase of body temperature over 0.5. was observed 
lasting a short time about 12 hours. However, no 
body temperature increase was observed in pcDSW 

Table 2. The expression of HCV DNA vaccine plahmids in BHK-21 (direct-ELISA, ODqg,,) 

- -  

Groups pcDST pcDSW pcDWT pcDWW pcDNA3 control 
-- - -- -- - 

Supernatants 0.070 0.656 0.025 0.037 0.0 14 
Transfected cell pel let  0.52 1 0.510 0.2 13 0.175 0.200 

-- -- - - -- - - - -~ 



Table 3. The 'I~IIHCV IpG levels ~nduccd by pcDST and pcDSW (~nd~rect-ELISA) 

Groups ()1)490 

- ~ -~ ~ ----- ~ ~ ~ ~ 

pcDSW 0.08650.02 1 * 0.139t0.023 0.1 67+0.032 0.24010.020 0.283k0.032 
pcl)ST 0.07310.02 1 0.135+0.0 16 0 .  lh310.025 0.21210.01 5 0.267+0.038 
pcl)NA; 0.06 110.032 0.06010.0 18 0.060%0.020 0.05810.030 0.07010.02 1 

- -- ~ - - ~ - - 

"the rnean value from 6 immunised niice. 

, 1 able 4. Ant~hody rcsponm against HCV ill pi:.; immuniscd with DNA vaccine (indirect ELISA) 

Groups 

l)ayfiafter- imrnunisalion Days uftcr challenpc 

g r o ~ ~ p  which, thereby. was deemed to yield an  construction of the four E2 expression plnsmids. 
efficient immunity against HCLV infection. These Since E3 gene is one partial sequence of a large open 
results probably suggest that pcDSW was likely to reading frame and does not contain the initiative 
provoke stronger immune response than pcDST, code. the sequence CCACCATG. which is c o n -  
although both were effective in  eliciting the HCV patible with K o ~ a k ' s  rule. was added to the 5'  end of 
irnrnune response in rabbits. E2 to enhance the efficiency of translation initiation. 

Protection of pigs against HCV challenge 

Plasniid. pcDSW seems to be the most effective con- 
struct in eliciting an immunity against HCV based on 
the mouse and sabbit studies and so was chosen to be 
used to inimu~iise pigs. Two weeks after last inocula- 
tion all six pcDSW-immunised pigs coriipletely 
resi5ted the challenge with a lethal dose of HCV 
Shinicn strain as detemiined by the observation of 
clinical signs, visible pathological inspection and 
antigen detection of HCV. Two of them just showed 
a slight fever without I1C symptoms and pathological 
le.;ions and recovered next day. The two pcDNA; 
control pigs suffered severe HC after challenge. 
which showed typically acute HC symptoms and 
pathological lesions. One died 10 days later and 
another was killed at moribund stage. The titre of 
IICV-\pecific antibodies elicited by DNA vaccine 
increased with the time and the recalling reaction of 
i~nmune response after challenge was observed for 
immunised pigs but not for controls (as shown in 
'l'able 3) .  

In this study. four different functio~lal HCV E2 frag- 
ments were aliiplified by PCR and subcloned into 
eukaryotic expression vector pcDN.43 for the 

A signal peptide precedes the N terminus of 
rnature E2 nrotcin and three transmembrane doruains 
locate at ~ t ;  C terlnlnus (Rumenape et al. 1993). In 
order to understand whether these two function 
~notifs exert any influence on the irnmunc response 
level, four different E2 gene expression plasmids 
with or without the signal sequence and the trans- 
menibrane sequences were constructed. Immunisa- 
tion of mice with these plasrnids showed that pcDST 
and pcDSW (both contain sigrial sequence pro- 
ceeding E2) could elicit an immune response 
whereas pcDW'T' and pcDWW (both do not contain 
signal scqucnce) could not. The r e s ~ ~ l t  was different 
from that obtained by Haddad et al. (1997). ?'he 
reason may be that E2 is a glycoprotein and cannot 
be processed to be a rnature protein without a signal 
sequence. 

Zijl et al. (1091) has f o u ~ ~ d  that the presence of the 
transmernbrane domains at the C terl~iinus of E2 is 
required to obrain complete protection mediated by 
the reco~nbinant pseudorabies virus (PRV) 
expressing HCV E2. However. it might be different 
for the HCV DNA vaccine. The riiouse serology 
experiment in this study showed that the level of 
irnrnune response elicited by the E2 DNA plasrnid 
without transmembrane domains was higher than 
that with transmembrane domains when adminis- 
tered intramuscularly. 



The reason is unclear. It can be speculated that 
muscles are the major vaccine injection sites and 
there are few AP cells (APC) in muscles. Muscle 
cells do not possess the function of antigen presen- 
tation (AP). Therefore, if the antlgen expressed by 
muscle cell ~ i t h  the transmembrane domain, it 
would be associated with the membrane and thus the 
antigen would not be transported properly. When the 
transmembrane domain is omitted. the E2 antigen 
could be secreted out of the cell and delivered else- 
where through tissue liquids, lymph liquids and even 
blood and thus the antigen message could be pre- 
sented properly to the immune system. 

It is further evidence that pcDSW could com- 
pletely protect imlnunised rabbits from the HCLV 
challenge but pcDST only provided limited pro- 
tection. All six pigs immunised with pcDSW were 
protected from the challenge of virulent HCV 
Shimen strain. The results showed pcDSW could 
induce a strong immune response. 
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