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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. 
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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. 

' Department of Animal Virology, Changchun Ur~iversity 
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Road, Changchun 130062, P.R. China. Corresponding 
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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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