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1. Introduction
 

Dengue infection is caused by four distinct types of dengue viruses. 

Clinical manifestations of infection range from inapparent infection and 

classical dengue fever to dengue hemorrhagic fever (DHF) and dengue shock 

syndrome (DSS). Classical dengue fever is a mild form of the disease and is 

characterized by a sudden onset of fever, headache, lymphadenopathy, myalgias.
 

and petichial hemorrhage or maculopapular rash. Hemorrhagic fever and shock
 

syndrome are severe-disease manifestations that may be fatal, even when
 

treatment is given (1). These severe forms of the disease start with high
 

fever and progress to nausea, vomitting, abdominal pain, hepatosplenomegaly,
 

epistaxis, hematemesis, melena, and petichial hemorrhage. Shock usually occurs
 

from day 5 to day 7 after the onset of fever.
 

At least 2 hypotheses for the pathogenesis of DHF/DSS have been proposed.
 

The first hypotheses (dengue virus virulence) states that different strains of
 

dengue viruses of all four serotypes possess varying degrees of virulence and 

vary in their pathogenic potential (2). The second hypothesis states that the 

severity of shock occuring in this disease is due to an immunopathologic
 

mechanism caused by a second, heterotypic type, dengue infection. Timing of 

the second infection is also proposed to be critical in the causation of this 

imimunological consequence (3). This later hypothesis iscalled the Second
 

Infection Hypothesis. 

The possibility that immunopathological processes are the factors 

determining the severity of clinical manifestations is suggested by the 

finding that most DHF/DSS are secondary, heterologus dengue viruns infection 

(3,4,5). Observation of the anamnestic antibody responses with high
 

concentrations of IgG antibodies in the sera of patients during their 
acute
 

phase support this hypothesis (6). Because there is evidence that infections 
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virus and antibodies are'present at the same time, antigen-antibody complexes 

have been postulated to exist in dengue hemorrhagic"fever (5,7). Patients with 

DSS have low levels of complement C , C and factor B, suggesting that 
3 4 

complement consumption occurs in vivo via both classical and alternative 

pathways (7,8,9,10). The levels of depression of complement correlate with the 

severity of the disease ana the depletion of complement is not due to 

extravasation (8). The complement consumption parallels signs which occurs in 

dengue hemorrhagic fever but not indengue fever. These signs include an 

increase of vascular permeability, a decrease in plasma volume, hypotension, 

thrombocytopenia, and a hemorrhagic diathesis. These symptoms have a rapid 

onset, and are shortlasting, and thus must be a consequence of rapidly 

reversible pathophysiologic processes. Histopathological vascular lesions were 

not found which suggested that the role of active mediators is important for 

the generation of increased vascular .permeability (10,11). These circumstances 

lead to a hypothesis that an activation of the complement system yielding the 

formation of anaphylatoxins, C3a and C5a enhance the shock syndrome (8). 

Evidence of disseminated intravascular coagulation (DIC); low platelet counts, 

reduced fibrinogen levels, presence of fibrin degradation products (FDP) and 

reduced Hagemann factor, have been observed (8). These pi.enomena appear in the 

milder forms and are increasingly present in the more severe forms, suggesting 

their primary role in 'the shock syndro ie. Tle changes in both complement and 

clotting systems are well correlated with the severity in cases of DIHF/DSS 

(8). Since complement could initiate blood coagulation through platelets, 

observed DIC may be a consequence of intravascular complement activations. 

Plasma enzyme inhibitors may be depleted due to the activation of proteolytic 

enzymes from the complement, coagulation, and possibly the kinin system. An 

imbalance between activated ehzymes and inhibitors may produce an increase of 

vascular permeability and lead to the development of a shock state. 
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The role of the immune response (at sub-neutralizing level) in 

enhancing dengue virus infection is suggested to be a major determinant of the 

development .of .hemorrhage and shock .(12).. •With.. In- Vitro- experiments,­

antibodies act through the Fc-mediated mechanism to enhance infection and 

virus yield from human monocyte culture. Experiment in animal, passive 

antibodies at sutneutralizing level causes higher levels of viremia in rhesus 

monkeys. Shock in infants is postulated to be due to maternal antibodies in a 

similar manner. Eventhough there are data that dengue viruses can cause 

primary hemorrhagic fever, there is more evidence supporting the importance of 

secondary antibody-mediated enhancement. These antibodies come from infection 

with other dengue serotypes or from passively transferred antibodies. e.g.
 

maternal antibodies. Thereby a host-virus interaction dependent on the humoral 

imune response seems to be very much tied to the severity of this disease.
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2. Overall aims and sJific objectives. 

To investigate our general hypothesis that more severe forms of dengue 

infection have an imunopathogenesis, we propose to: 

A. Completely describe the pattern of antigen reactivity of acute and
 

convalescent sera from patients with all clinical degrees of dengue infection,
 

i.e. asymptomatic (subclinical), dengue fever, dengue hemorrhagic fever and
 

dengue shock syndrome. Additionally, the humoral response to attenuated dengue
 

virus infection (vaccine volunteers) will be similarly described.
 

B. Completely describe, using collections of serially collected sera or
 

plasma from patients with well-characterized clinical dengue syndromes, the
 

type, the quantity and kinetics of circulating dengue antigens.
 

C. On the basis of these data, identify a viral antigen or anti-viral
 

peptide antibody whosq presence or absence is highly associated with the
 

occurrence of severe symptoms. 

D. Purify dengue viral polypeptide (s) using preparative gel 

electrophoresis and/or Fast protein liquid chromatography (FPLC) system and 

further reduce the peptide chain to fragments by either enzymes or chemicals. 

E. Determine biological properties of the purified proteins, i.e.
 

immunogenic property, protective inducing , and complement activation ability.
 

F. Develop a rapid, simple but sensitive laboratory test based on the 

conclusion above (#3) to prospectively select from the entire set of febrile 

children those likely to progress to a severe form of dengue infection. Such a 

test, in all likelihood, t.ill require the preparative purification of a 

biologically active denglue peptide or peptide fragment, for use either as a 

test antigen or to produce, in animals, a diagnostic antibody reagent. 
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3.Relevance to development
 

The relevance of this research could be viewed as follows
 

1. Study of the immunopathogenesis of dengue hemorrhaic fever is avery
 

potent mechanism for scientific and technology transfer in the fields of 

immunology, immunochemistry, protein chemistry and molecular 'biology of 

viruses among others. These technologies will aggressively updated and
 

utilized for research. Training and development of manpower in these various 

fields at all levels will be central to the activities outlined in the
 

proposal. The scientific information should be used in the molecular 

understanding of the immune response to dengue infection. 

2. Dengue hemorrhagic fever is am important disease of South East Asia. 

But a recent outbreak of this disease in Cuba in 1981 which represented a
 

dengue 2 virus epidemic following dengue 1 outbreak in 1977. resulted in a 

heightened awareness of the possible spread of this disease to areas where
 

both the vector Aedes aegypti and more than one type of dengue virus are 

present. Such areas include most countries in the Caribbean area, some 

countries in South America such as Brazil and countries in South Asia such as 

Sri Lanka. The information generated from this study will contribute
 

significantly to the better understanding of the molecular immune response to 

dengue infection and also could be utilized for rapid diagnosis and management 

of patients. These efforts can be viewed as contributing to development as 

well as moving the frontier of knowledge about dengue far forward. The latter 

is obviously of global significance. 
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4. Innovative aspects 

Three innovative aspects of this, research proposal are envisaged. The 

first aims to clarify basic question on the human imune resp toonse 

different dengue polypeptides. We want to see whether there is a basic 

difference in the humoral inmiune response of human inan endemic area who
 

respond to dengue viral infection only with seroconversion, with milder 

symptomatic dengue infection or with hemorrhagic fever, mild and severe, 

Earlier classic epidemiologic studies support the notion that humoral immune 

differences may underlie different dengue disease syndromes but traditional
 

serologic techniques have not confirmed this hypothesis. Western blotting and 

radioimiunoprecipitation are newer, more powerful methods, not yet applied to 

this question. 

The description yf the humoral irmiune response at the molecular level 

may identify "phlogistic" polypeptides which are crucial in the mechanism of 

disease i.e. related to mediators released or complement activation.
 

The second innovative aspect is the concept of early dianosis of severe
 

disease through screening of a large number of febrile children during the 

rainy season in dengue endemic areas. Those children who have circulating 

dengue polypeptides could then be singled out for special observation because 

that they are potential shock victims. Those affected observation because
 

that they are potential shock victimis. Tlose affected by other infectious 

agents or non-dengue could be released, freeing physicians or health
 

personal from the task of carihg for an impossible number of febrile children. 

The children with cirulhting dengue polypeptides could then be further 

monitored to detect certain dengue antibodies which if present or absent 

could be a warning signs of an impending serious manifestation. 

Alternatively, the children could be monitored for complement cleavage 

products which would indicate complement activation and warning signs for 
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increased permeability of the vascular system. This would put treatment of
 

DHF on a sound scientific basis hopefully improving. the existing clinical
 

S.. pathophysiologic. approach-

The third innovative aspect is to use these new approaches to study the
 

immune response involunteers immunized with live attenuated viruses. Dengue 

vaccines are currently being developed in Dr. Natth Bhamarapravati's 

laboratory. The candidate dengue-2 vaccine 16681 PDK. 53, appears very 

encouraging after initial tests of reactogenecity and inmuno-genicity inhuman 

volunteers. But short of huge field studies, the safety of these vaccines can 

not be ascertained. This study should complement studies in other 

laboratories aiming toward the definition of molecular mechanisms of 

attenuation. Such information would reduce the element of risk in testing new 

dengue vaccine, a procedure which can be done only inhumans. Additonally, 

this study may provide a clue to the identity of a polypeptide or peptide 

fragments which could elicit a protective ininune response without activating 

the complement system or causing antibody dependent enhancement of infection 

and thus serve as an alternate subunit vaccine. 
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5.' Technical plan
 

Materials and Methods
 

A. Preparation of dengue viral antigen
 

A.1. 	Conventional systems for dengue viral antigen preparation
 

A.l.a. 	 infected suckling mouse brain suspension 

A.l.b. 	 infected cell cultures such as infected mosquito cell (C6/36) 

or Rhesus monkey kidney cell (LLC-MK2) 

A.2. 	New approaches
 

A.2.a. 	preparation of dengue viral polypeptides and peptide fragments.
 

A.2.a.l. Preparative gel electrophoresis to isolate viral proteins.
 

A.2.a.2. Western Blot.
 

A.2.a.3. Proteolytic digestion and chemical cleavage to identify
 

imunogenic peptides from interesting proteins e.g. NV3 etc. 

,B.Characterization of prepared dengue antigen 

B.1. by 	poiyacrylamide gel electrophoresis
 

B.2. 	Viral antigen strips/Enzymeimuno assay (VAS/EIA)
 

B.3. by 	Crossed inmunoelectrophoresis
 

C. Preparation of anti-dengue sera
 

C.1. antibody raised in rabbits using different conventional sources for
 

antigen preparation as plentioned inA.1. as immunogens
 

C.2. trial 	using each dengue viral polypeptide or its fragments from A.2
 

as an imunogen
 

C.3. human hyperimmune sera collected from dengue hemorrhagic fever (DHF) 

patients during acute and convalescent phases 

C.4. 	 monoclonal antibody (Mab) 

D. Characterization of prepared anti-dengue sera
 

D.I. by 	Viral antigen strips/Enzymeiiiunoassay (VAS/EIA) 

D.2. by 	Crossed immunoelectrophoresis
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E. Collection and Confirmation of DHF and NON-DHF cases by available
 

diagnostic tests
 

E.1. Hemaglutination inhibition test
 

E.2. Viral isolation
 

E.3. Crossed immunoelectrophoresis
 

E.4, VAS/EIA test
 

F. DetectAon for circulating dengue viral antigen (S), antibodies and
 

complement split products
 

F.1. patients
 

- Classical dengue fever patients
 

- DHF/DSS patients
 

- patients of other infectious diseases
 

F.2. healthy individual
 

- adults (series of tests if possible)
 

-. children (inseries if possible)
 

- cord blood for a maternal antibody survey
 

- Vaccine trial volunteers.
 

G. Determine biological interaction of polypeptides and polypeptide fragments
 

G.1. inmunogenic property and protective ability 

G.1.a. Immunize rabbit to elecit antibody
 

G.1.b. InVivo test for protective ability using simple mouse model or
 

rabbit model.
 

G.1.c. In Vitro test using monocyte culture with immunocytochemistry test 

to determine rate of "infectivity by counting infected cells" 

G.2. Complement activation capability
 

G.2.a. 	 In Vitro test using crossed immunoelectrophoresis test for
 

determining complement split products.
 

H. Data 	collection and analysis 
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6. Work completed and in progress 

During the past three and a half years, a lot of works have been done 

according to the plan. Part of the results were sunmarized and published. 

Certain portion of work has to Ib ceased Clued to the limitation of the 

technique. Results obtained were still under progress to be analysed with the 

hope that they may be published in the near future. According to the sequence 

of work plan in our original proposal, they can be reported as following 

A.A. Conventional systems for dengue viral antigen preparation 

A.1.a Infected suckling inouse brain suspension 

Preparation of the dengue viral antigen was done for all denzgue 

serotypes, Japanese encephalitis, and chikungunya without any problem. They 

were kept in infected suckling mice at -70 C until used. Part of the antigen 

from each viruses were extracted with sucrose acetone method (13) and were 

titrated by hemagglutination (HA) test (13). 

A.l.b. Infected cell cultures such as infected mosquito cell (C6/36) or 

rhesus monkey kidney cell (LLC/MK2). 

C6/36 : Infected C6/36 cell culture was done at the Center for Vaccinie 

Development, Salaya Campus, Mahidol University. 'Te infec.ed cells 

demonstrated high density of viral antigens as seen by inmnunocytochemistry 

test which is the peroxidase-anti-peoxidase (PAP) staining (Fig 1). High 

titer of plaque forming units was also noticed. However when this infected 

cell suspension wias eaiployed with the western blot/enzymeii-nunoassay using 

non-infected cells as negative control, we observed the few stained bands 

indicated certain antibody activity (Fig 2) 

LLC/MK2 Infected LLC/Mll2 cells also demonistra.t d high irt:ensity and 

density of the viral antigen by PAP staining (Fig 3). 

Comparison among these sotuces of dongue viial. antigen by western 

blot/enzymeinmunoassay indicated that the antigen derived from the infected 
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suckling mice gave a good and reproducible results (Fig 2). YTherefore, this
 

type of antigen was used in the western blot/enzymeinmunoassay through out
 

this experiment. C6/36 and LLC-MK2 cells were still employed to isolate the
 

circulating viruses,from patients' _sera. The viral isolation was done at the ..
 

Center for Vaccine Development, under the supervision of Dr. Sutee Yoksan,
 

Co-investigator.
 

A'2. New approaches
 

A.2.a. Preparation of dengue viral polypeptides and peptide fragments
 

a.l. Preparative gel electrophoresis
 

The preparative gel electrophoresis method was used. The verticle 

column was purchased from BRL. We are still trying to separate dengue viral 

antigen by this method. Three years ago, itwas difficult to follow the 

position of the proteins while they are traveling in the electrophoretic 

field. Lately, the new protein markers are commercially available e.g. rainbow 

markers (Amersham) and prestained markers (Sigma) . These markers were pre­

stained and they are visible while moving in the gel allowing an easily 

allocation of the known molecular weight proteins. We have already ordered the 

markers and will try to use them for this experiment as well as replacing them 

inother experiment. 

a.2. Western blot
 

This experiment was designed to used the protein attached on the
 

surface of nitrocellulose (NC) membrane as an iimiunogen. The NC strip were cut
 

and was dissolved in (0.5 ml) dimethylsulfoxide (DMSO) emulsified with an
 

equal volume of Freund's adjuvant. After testing, only the unwanted antisera
 

to the mouse brain were obtained. The antibody activities disappeared after
 

absorption with the normal mouse brain. The problem may also due to the
 

difficulty to locate exact possition of the wanted proteins and may be
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improved by using the prestained molecular weight proteinsTmarkers. However,
 

the only low titers of antibody was observed in this experiment,> which
 

discouraged us to use the protein-on-nitrocellulose nmibrane as the source of-.­

an imuunogen.
 

a.3. Proteolytic 'digestion and chemical clevage
 

Since the previous 'experiment to purify each individual polypeptide
 

did not work out as plamed, this part of the experiment was ceased. However,
 

in order to obtain the interesting protein, we are now using genetic
 

engineering technoloqy. Since the P1ilA sequences of dengue viruses are now
 

available, cloning the recombinant vectors is now be,ng done. Protein products,
 

from cell culture can be obtained. This experiment isnow going on in our
 

laboratory.
 

B. Characterization of prepared dengue antigen
 

B'1. By polyacrylamide gel electrophoresis (PAGE)
 

PAGE has been used as a tool to analyse all iatches of prepared 

antigen. This technique was modified by deleting the reducing agent, 2­

ntrcaptoethanol, from the protocol when the analysing of the viral envelope 

protein and other proteins besides the non-structual protein-NS1. When 2 ­

mercaptoethanol was included, the NS1 protein both indimeric form (Mr of 

85,000) and monomeric form (Mr of 45,000) can be detected. mhis experinent 

included an alteration of the volume of dengue antigen, and otljbr chemicals 

such as the solubilizing agent (sodium dedecyl sulfate) and the reducing agent 

(2-mercaptoethanal) in order to preserve dengue proteins. After reaching 

optimum condition, the proteins were transfered from polycrylamide gel by 

the western blot method. 

B.2. 	 Viral Antigen Strips/Enzymeinmunoassay 

The western blot following with ininmioenzyntic process were applied
,:/I 	 Vi
 

for 	characterization of the separated proteins from PAGE method. This part of
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thd. work was reported inSoutheast Asian Jouriial of Tropical Medicine and
 

' . iPobic Health (14), and copy of the manuscript is in the appendix section ,
 

p34-45. Shortly electrophoretic period and voltage to transfer the separated
 

proteins from.. PAGE.fr were varied-to-obtain .maximum protein- transferration.. 

Immunoenzymatic assay was done using human hyperimmune sera, monoclonal
 

antibody/and rabbit anti-dengue antisera as the primary antibody. The second
 

antibodyj to locate the specifically bound primary antibody IgG to dengue
 

proteins were labelled with peroxidase enzyme. The visible bands were
 

estimated for their molecular weights by comparing with the molecular weight
 

markers and were classified according to the nomenclature proposed by Rice et
 

al, 1985 (15). Sensitivity and reproducibility of the methods were evaluated.
 

Dengue viral antigen strip was standardized and was used to detect and
 

characterize dengue antisera thereafter. At least 13 visible bands can be
 

obselved and seroconversion can also be observed in patients' sera collected
 

during acute and convalencent phase of illness.
 

B.3. By Crossed irmiunoelectrophoresis
 

Crossed immunoelectrophoresis was done as described by Weeke (16).
 

First dimension electrophoresis was performed using 10x10 cm glass slides with
 

15 ml of .8%agarose (Litex, Denmark) in0.01 M EDTA-tris buffer, pH 8.6. Big
 

wells, 1 cm in diameter, were punched at the left handside approximately 2 cm
 

from left edge. 6-8 wells in the row can be located and dengue viral
 

antigens, 250 ul, were used to fill the wells. Then they were electrophoresed
 

by 10 V/cm at 4 C for 60 min.
 

Second dimension was run perpendicularly in antibody-containing
 

agarose. The antibody used was either the human hyperimmune sera or rabbit
 

dengue antisera. After overnight electrophoresed using 2 V/cm at 4 C,
 

precipitin curve of dengue antigen and antibody complexes can be seen
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(Fig 4a). Since dengue. 'purified polypeptides are not available during the
 

studied period these precipitin curves were still not characterized. Future 

planned has been made to elute each precipitin complex from the gel and 

identify by PAGE. Hoping that some of these protein precipitates may be 

useful as a starting reagent or imniunogen inestablishing the protocal for the 

screening test. 

C. Preparation of anit-dengue sera
 

C.1. Antibody raised inrabbits
 

C.i.a. Using conventinal sources of antigens as an immunogen
 

Polyclonal dengue antisera were raised in rabbits as planned. Our
 

first generation rabbit antisera had antibody activities toward all dengue
 

serotypes and also to JE viral antigen. This cross-reaction are conmonly 

observed especially in human infection. Strong antibody activities were 

found against E, NS3, NS5, and NS1. 

In an attempt to prepare polyclonal antibody specific to each dengue
 

serotype, the first generation antisera were absorped with other dengue
 

serotype eg antisera to dengue type 2 was absorped with sucross acetone
 

estracted dengue type 1 antigen. After complete absorption, polyclonal
 

antisera specific to dengue 1, 2, 4, and JE can be obtained. The last 2
 

proteins found with the western blot/enzymeiiiunoassay were the doublet
 

proteins at Mr ,of 67 and 71 which are the NS3-nonstructural protein. This
 

protein, NS3, was postulated to be involved in RNA replication with an
 

enzymatic role (replicase enzyme) (15). This section of work was presented at
 

the International Symposium on Dengue and Dengue Hemorrhagic Fever (17) and
 

reported in Southeast Asian J. Tropical Melicine and Public Health, tec 1990
 

(18). The copy of. this manuscript isin the appendix section of this report
 

(p89-97).
 

C.1.b. Trial using each dengue viral polypeptide or its fragnnts as ani
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immunogen. 

Purification for each polypeptide can not be reached by .the proposed 

method, therefore this part of this experiment was done differently using 

other method to obtained the antibcdy specifically bound to individual 

polypeptide . As mentioned in previous section, the specific antibody to NS3 

of three different dengue serotypes; dengue 1, 2, and 4, are available for 

further used (18). 

C.2. Human hyperimmune sera collected from DHF/DSS patients during 

acute and convalescent phases.
 

C.2.a. Sera will be tested by hemagglutination inhibition (HI), crossed 

inmunoelectrophoresis, and western blot 

- Hemagglution Inhibition test (HI test) 

HI titers to dengue type 1-4, JE, and CHIK were titrated inall 

specimens including patients' sera, rabbit antisera, sera from cord blood,
 

children infected with other disease, healthy adult sera and vaccinee, The
 

conventional method was employed, During the first 6 months, the test was 

done at AFRIMS and later the test was done at our laboratory by our trained 

technicians. 

- Western blot. 

Viral antigen strip containing dengue type 1 to type 4 and normal
 

mouse brain as negative control was used to characterize antibody to both 

structural proteins and non-structaral proteins. With this method, antibody
 

in patients sera were characterized for both primary and secondary dengue
 

infected cases. The antibodies inrabbit sera to certain proteins can also be
 

traced after immunization.
 

C.3. Monoclonal antibody against peptide fragments
 

The monoclonal antibody to E protein specific to each type of 
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dengue viruses were produced in our labolatory using the purchased hybridoma
 

cells from ATCC. These hybridomas to each dengue type are as following
 

dengue type 1 (15 F3-1), dengue type 2 (3H5-1), dengue type 3 (5H4-11), and
 

dengue type 4 (1H10Q-6). These cells were passaged to obtain the 
healthy
 

clones before injected intraperitoneally to the pristane-primed BALB/C 
mice.
 

Monoclonal antibody 
rich ascites fluid were collected and the antibody
 

activity was traced by the western blot/enzymeinrmunoassay using the tested
 

monoclonal antibody as the primary antibody. This antibody was used to 

confirm the E protein position in the Western blot strip.
 

D.Characterized of prepared anti-dengue sera
 

D.1. by western blot method follow by enzymeimmunoassy.
 

The rabbit and mouse antisera were characterized as planned. The
 

polyclonal dengue type specific sera were characterized and reported (14,18)
 

D.2. by Crossed Immunoelectrophoresis 

Crossed immunoelectrophoresis was applied to titrate and 

characterize antibodies using tested sera containing intermediate gel. 

Results obtained can indicate titer of antibxdies as shown in Fig 4b. Since
 

the results containing 
from Westerl blot yielded more informations, this
 

experiment was deleted.
 

E. Collection and Confirmation of DHF and Non-DHF cases.
 

E.1. Hemagglutination Inhibition test (HI test)
 

HI tests for every specimens were done by our laboratory,
 

Immunochemistry unit. 
 Results from July 1987 to November 1990 were in "data"
 

in appendix section (p46-88). There were 150 cases in 1987, 29 cases in1989,
 

44 cases in 1989, and 40 cases in 1990. All cases were admitted to Ramathibodi
 

Hospital.
 

E.2. Viral isolation
 

Viral isolation was 
done at the Center for Dengue Vaccine
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Development, Mahidol University. Viruses can be isolated from sera collected
 

during acute phase of illness as following: 20 cases in 1990 (Appendix, data,
 

p42-86). Actually, the number of'cases with isolated virus were more than
 

those mentioned. Unfortunately, they were the cases with only one specimen
 

collected and were excluded from the studied list. Most of them had mild
 

clinical symptoms and the sera were mainly collected from out-patient
 

department. In an attempt to isolate virus at our unit, we have used the
 

suckling mice together with the western blot for detection and found that it
 

is helpful. This paper was presented at Dengue Symposium and published in
 

1990 (19). The copy of the manuscript is included in appendix (P98-104).
 

E.3. 	Crossed inmunoelectrophoresis
 

Crossed inmunoelectrophoresis was initially applied to observed
 

dengue antibodies but the western blot can give a better results, therefore 

only the priliminary work has been done and the result was demonstrated in 

Fig 6. Using the same volume of sera frcmi the same patient, but: collected 

from acute and convalencent phase of illness, higher titer of anitbody can be 

observed. Sera with no titer of antilxdy to dengue can't capture dengue 

antigen, and the dengue antigen-antibody complexes appeared in the upper gel 

only. Sera with low titer can bind to scone dengue antigen and the precipitin 

complexes appeared lower between the upper and the intermediate gel. With
 

high 	titer, the precipitin ccmplexes occurred in the intermidiate gel, Since 

soft detergent, 1% Triton X-100, was included with the dengue antigen, many 

curves can be demonstrated indicating mlobility of different solubilized 

proteins. This method offered a comparison between 2 different antibody titers 

and 	may be helpful for pLeparaltiol of the piecipititil complexes to ly used as 

an 	imunogen. The preparation of the polyclonal antibody to viral proteins
 

with 	different rate of llobility is possible using these complexes. 
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E.4. Western blot and enzymeirnunoassay 

Western blot enzyneinunoassay was used to characterized 

antibody in number 	of cases of P-DHF and S-DHF as planned. The preliminary 

work was reported at the workshop to celebrate Chiangnai University 25th' 

-
Anniversary- named AID/SCI Funded-Research in Irmunology in	 Thailand-,- December .........
 

4-6, 1989, organized by Cliangnai University, BOSTID, and US Agency for
 

International Development (USAID) and the copy of the manuscript is included
 

in Appendix secton, P98-104 (20).
 

F. Detection of circulating dengue viral antigen (s), antibodies, and
 

complement split products.
 

F.1.a. Patients to 	be studied
 

Patients 	sera were collected mainly from Ramathibodi Hospital
 

co­with the collaboration with Dr. Sayomporn Sirinavin who became our 


investigator. The number of specimens collected during each year were as 

f6llowing
 

1. 1987 ; Total number of specimens were 509. There were 409 specimens 

from 150 studied cases, and 100 specimens were the lost
 

cases (singlq specimens)
 

2. 	 1988 ; Total number of specimens were 121. There were 82 specimens 

from 29 studied cases, and 39 single specimens. 

3. 	 1989 ; Total number of specimens were 175. There were 123 specimens 

from 35 cases, and 52 single specimens. 

4. 1990 ; Total number of specimens were .180. There 	were 112 specimens 

from 40 cases, and 	 68 single sjxc.imns. 

The studied cases were tested for HI titers, isotype capture ErjISA
 

tests for IgM ad IgG anti-dengue antibxdies, Viral isolation, Western
 

blot/enzymeimunoassay, and complement studies. Part fo the results were shown
 

in"data" part in Appendix, P42-86.
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Patients with other disease were also included inour studied and they
 

were also included in our studies and they were used as negative control or 

for comparison. 

F.1.b. healthy individual 

Healthy adult sera were collected from the Blood Bank unit, 

Ramathibody Hospital. The whole blood samples: 30 individual, men and women,
 

were studied just like they were the patients sera. Dengue antibody by HI
 

titers and Western blot demonstrated anti-dengue activities. At least 3 type
 

of antibodies to dengue proteins were found. (Table 1.)
 

Children sera were collected from children under 10 years old whom were
 

not ill because of viral infection. These sera were collected from the
 

Clinical Chemistry unit, Ramathibodi Hospital. From 30 children, 23 children 

were found positive with western blot while 16 children had positive HI
 

antibody titers. (Table 2).
 

Cord blood sera from 30 new born infants were collected from the 

Department of Obstetrics and Gynaecology, Faculty of Medicine, Ramathibodi 

Hospital and 96.67 or 29 out of 30 samples were positive with the western blot 

and HI tests (Table 3). 

Vaccine trial volunteers
 

Only 5 volunteeers sera were examined and the results were summarized in 

Table 4. Low titer of antibodies to certain dengue proteins were found on the 

day. they received the vaccine indicating that they already exposed to certain 

Flavivirus which the antibodies cross react with dengue antigen. The results 

were in Table 4. 

F.2. Methods 

The antibody analysis for primary and secondary dengue infected 

patients was completed and the manuscript to cover this work was submitted to 
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the American Journal of Tropical Medicine and Hygiene since Aug 19, 1990. No
 

c-ments was given from the Journal until now. The copy of submitted
 

manuscript is included in appendix section, P110-134.
 

To detect complement split products, C3c and C3d can be detected. The 

appearance of .... circulation are much longer than C3a ..­both proteins in. or,, C5a.
 

(Fig 5a). Verification for the presence of C3dl was done by crossed 

inmunoeletrophoresis with intermediate gel. While C3 and C3c were bound with 

anti-C3/C3c which was incorporated in intermediate agarose gel, the C3d pass 

through the part of gel and form a specific precipitin curve of C3d-anti C3d 

complexes as shown in Fig 5b. The presence of C3d is now under investigation 

and our preliminary results indicated a possibility to detect C3d protein as a 

parameter of severity of illness. This study is still going on with the hope
 

to develope a simple screening test for this complement activation product.
 

G. Determination for the biological role of polypeptides and 

polypeptide fragments will be done as soon as the purified polypeptides are 

available. 

H. Data collection and analysis
 

Certain portion of our data is enclosed herewith in an appendix
 

section (P46-88). Analysis of these data is still being done. When this
 

analysis is completed, we may be able to present more reports.
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Future Plan
 

During the past three and a half years, we collected a lot of
 

specimens. They were stored with the proper storage boxes (-85 C). Many
 

tests were done to detect for the presence of antibodies to polypeptides, the
 

presence of viruses inpatients' blood circulation, and the presence of
 

complement products. The continuation of this study will be done and it can
 

be done rapidly and efficiently if the suppo. ting fund is available. During
 

1990, we also managed to send 2 CO-investigators; Dr. Rungtiva Kongkananda,
 

DVM, M.Sc., and Ms. Kanchana Sirisidhi, B.Sc., to be trained at Tokyo
 

Metropolitan Research Institute for Neuroscience. Ms. Kanchana can handle the
 

gene detection system using PCR to amplify dengue viral gene and using
 

digoxigenine labeled probe to verified the amplified nucleic acid. With the 

DNA synthesizer, we are able to synthesize dengue primers for every serotypes
 

and also synthesize the primers for other laboratories to detect abnormal DNA
 

or DNA of other infectious agents. Dr. Rungtiva is involving with the epitope
 

studies by preparation of monoclonal antibodies to the proteins obtained from
 

genetic engineering.
 

We have sent a new preproposal to PSCT program for the development and
 

application of a rapid, accurate and sensitive test for dengue viral
 

infection. The aims are for the development of screening test and the 

sensitive confirmatory test to detect dengue virus in various type of 

specimens. This preproposal isattached here with inan appendix, P135-137. 
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x I 

Fig 1. C6/36 cells infected with dengue type2 demonstrated viral antigens in 

cytoplasm. At least 2 types of stains can be seen, the big red granules and 

homogenous red stain incytoplasm. The negative, non-infected cells, showed
 

blue cytoplasm.
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41'41 k 

Fig 2. The comparison among different sources of dengue antigens. From left,
 

lane I contains dengue type 2 sucrose acetone extracted antigen from infected 

suckling mouse brain showing protein bands at Mr of 92, 71, 
 67, 59, 55, 50,
 

45, and 16 kDa. Lane 2 contains 50% suspension of dengue type 2 infected mouse
 

brain antigen showing fewer bands. Lane 3 contains dengue type2 infected LLC-

MK2 cells showing protein bands at Mr of 67 and 59 kDa. Lane 4 contains non­

infected LLC-Mk2 cells. Lane 5 contains dengue type 2 infected C6/36 cells 

showing 2 bands at Mr of 67 and 59 kDa. Lane 6 contains non-infected C6/36 

cells. 
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Fig 3. Dengue type 2 infected LLC-MK2 cells showing positive stain with strong 

red color inr:cytoplasm. 
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Fig 4 a. crossed ~imnucelectropheresis~ofdengue type 2 and rabbit an:it . 

dengue type 2. At least 5 curves can be seen. 

-44 

Fing 4 b. Crossed imunoelectrophoresis with intermediate gels. On left 

side, intermediate gel contained sera collected during acute phase (LOW 

antibody titer), while on the right ,sidethegel contained the convalescent 

sera with high anti-dengue titer. The preIpitin complexes appeared in 

intermediate gel when the high antibody titers,was tested. 
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ANTIBODIES TO DENGUE VIRAL POLYPEPTIDES
 
1. SENSITIVITY AND SPECIFICITY OF THE 

VIRAL-ANTIGEN-STRIPS/ENZYMEIMMUNO ASSAY (VAS/EIA) 

VINA CHURDIBOONCHART, NATIit BIAMARAPRAVATI*, SUPORN PEAMPRAMi'RM CI IA, 
CHARUPAN PINTHONG, KANCHANA SIRISIDI and AMPilORN CHAIYOTIIA 

Department of Pathobiology, Faculty of Science, Mahidol University, Rama VI Rd,
 
Bangkok 10400, Thailand.
 

INTRODUCTION 

Many tests are employed for titration ofantioFaviiruss,des o nd he ost 
antibodies to Flaviviruses, and the most 
frequently employed techniques are the 
hemagglutination inhibition (HI) test (Clarke 
and Casal, 1958), the plague reduction neu-
tralization test (PRNT) (Russell et al., 1967) 
and the antibody capture enzyme.linked 
immunoabsorbent assay (Burke and Nisalak, 
1982). None of these tests can described 
the antibodies specifically react toward 
individual dengue viral proteins. Seventeen 
polypeptides were found during in vitro 
dengue infection using different kinds of 
target cells (Westaway and Shew, 1977 ; 
Westaway et al., 1980; Heinz et al., 1984). 
Three polypeptides are the structural or 
virion proteins including the E or major 
envelope glycoprotein, C or capsid protein, 
and M or membrane-like protein. Envelope 
glycoprotein (E, or VSP-3, or GP59) has 
molecular weight (M.W.) of 51,000-60,000 
daltons, while the capsid proteins, C or VSP-2,has pproimaely dalons.W.of 1,50has approximately M.W. of 13,500 daltons 
and the membrane-like proteins, M or VSP-
has M.W. of 7,700 daltons. The other 13 
proteins were detected in dengue-2 infected 
Vero cells namely P98, p82, P67, gp54, GP46, 
p30, p28, gp22, GP20, p18, gpl 6, pl 5and p14. 
In dengue-2 infected Aedes albopictus C6/36 
cells, gp54 and GPI3 were absent (Smith and 
Wright, 1985); while in dengue-2 infected 

p5 5 BHK2I cells, p130, p83, and p21 were 
demonstrated with suggestive role of non 

stable precursor proteins (Ozden and Porier, 
1985). 

The role of the immune response (at sub­
neutralizing level) in enhancing dengue virus 
infection was suggested to have a major role 
for the development of haemorrhagic and 
shock syndromes(Halstead, 1981). Titrations 
for the humoral immune respones were 
either based on the ability of antibodies to 
neutralize or to inhibit agglutination reac­
tion, or to attach specifically to any portion 
of the viral antigen. Information concerning 
antibody response toward individual proteins 
is lacking and this information may lead to 
a better understanding for the immuno­
pathologic mechanism of this disease. Three 
techniques; SDS-PAGE, western blot, and 
enzymeimmuno assay were employed and 
modified. The whole process was called "the 
Viral-Antigcn-Strips/Enzymeimmunoassay" 
(VAS/EIA). We have used the classical 
SDS-PAGE which was described by Laemmli 
with western blot and enzymeimmunoassay 

and found that the antibody to dengue viralenloeptin(orG5)wsamt 

envelope protein (E or GP59) was almost 
absent in both human hyperimmune sera and 
in healthy population (Churdboonchart et 
al.. 1986). With this study, certain chemical 
and physical treatment were investigated for 
their effects to dengue viral polypeptides 
which reflect the binding of human antibo­
dies. The VAS/EIA results wcre scored from 
0 to 4 (Schupback ot al., 1985). These 
results can be obtained in 48 hours. The 
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sp cificity, sensitivity and reproducibility are 
discussed. 

.MATERIALS AND METHODS 

Serum samples : Dengue haemorrhagic 
fever (DHF) patients' sera and negative 
control serum were provided by Dr. B.L, Innis 
and Dr A. Nisalak of the Virology Depart-
menL, Armed Forces Research Institute of 
Medical Sciences (AFRIMS), Bangkok 10400, 
Thailand. 

Viral antigens : Suckling mouse brain seed 
viruses ofdengue-l(dl); Hawaii M199 passage 
# 17; dengue-2 (d2), New Guinea C, passage 
# 33; dengue-3 (d3), H-87, passage # 27,
dengue-4 (d4), passage : 32, and Japanese 
encephalitis (JE), Nakayama, passage # 17, 
were obtained from the Virology Depart-
ment, AFRIMS, Bangkok 10400, Thailand. 
Dengue viral antigens were raised in suckling 
mouse brain. Sucrose acetone extraction for. 
these antigen was performed as previously 
described (Clarke and Casals, 1958). They 
were titrated by hemaglutination (HA) test 
and confirmed to have following HA titers : 
dl (1:1280), d2 (1:1280), d3 (1:1280), and 

del ecoos and. bstrips 
Gel electrophoresis and blotting :SDS


polyacrylamide gel electrophoresis (8%sepa-
rating gel with 2.5% stacking gel) was per-
formed as described by Laemmli (Laemmli, 
1970). The reducing agent, 2-mercapto-
ethanol (2ME), was added with varying 
concentrations in order tc evaluate its effects 
on dengue viral polypeitides. 

The separated proteins in gels were blotted 
onto the surface of 0.1 im nitrocellulose 
membrane (NC) (Schleicher and Schuell; PH 
79, Germany), according to the method 

Transfer­described by Towbin et al., (1979). 
ring was made for 3, 6, 12 and 18 hours at 
3 v/cm. a 

For this experiment; dengue viruses, type I 
to 4, and normal mouse brain (NMB) as a 

Vol. 18 No. 3 Septembcr 1987 

negative control were loaded in sequence. 
After elect rophoresis, the gels were cut so that 
one gel strip will contain the separated 
pr6teins of dengue viruses type 1, 2, 3, 4 and 
NMB. The NC membranes were also cut tothe same size as the gel. The NC strip after 
blotting will contain the separated dengue 
viral polypeptides and was called as the viral 
antigen strip or VAS. 

Enzymeimmunoassay for the detection of 
proteins on NC : Bovine serum albumin, 
BSA, (Sigma, St. Louise, MO 63178, USA) 
and non-fat dry milk, NF, (Slim, Iverson 
Dairy Group, Wisconsin, USA) were used 
as blocking agents to prevent nonspecific
background after immunochemical reaction. 
VAS were incubated with diluted test serum 
which was diluted with 10 mM Tris-hydro­
chioric acid (pH 7.4) with 0.9 % NaCl (TBS) 
and BSA (5%) or NF (10 %),3 hr or over­
night, at 37°C. They were washed extensively 
with TBS containing 0.5 % (v/v) Tween 20 
before incubation with peroxidase labelled 
antibody, rabbit-anti-human-lgG-HRP (214, 
Dakoimmunoglobulin, Denmark). After 
another washing cycle (4x, 5 min each), the 

were soaked with freshly made solution 
of 3-amino-9-ethylcarbazole (AEC) and H202for 15 min (Broe and Ingild, 1983). Then 
they were rinsed with distilled H 2 0 and blot 
dried. The color reaction developed with 
different level of intensity allowing a possi­
dit tovelor tem allows a possi­
bility to score them as follows (Schupback 
et al., 1985) : 0 or (-) was for negative (nocolor), 1 was for barely detected or faint
pink color, 2 was for clearly positive (sharp 
bands with pink color), 3 was for strong 
positive (red), and 4 was for very strong 
positive reaction or darkred color. 

RESULTS
 

Dengue viral antigen from dengue viruses 
type I to 4 were separated by SDS-PAGE 
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(8 ), and transferred onto the surface of NC 
membrane. The NC containing viralantigens 
(VAS) wiere immersed in diluted test serum 
allowing specific: antibody, towards -these -
Separated proteins to bind specifically, 
'Bounded antibodies were located by immu-
ihoenzymatic reaction using enzyme labelled 
antibody and substrate reaction. Different 
protocols were set up by varying concentra-
tion of reducing agent (2n-mercaptoethanol) 
with or without heat treatmnent, varying 
volume and titer of viral antigens, and 
varying dilutions of test serum., The results 
were impressive and are shown in Figs. Ito 8. 
Since 2-mercaptoethanol (a reducing agent) 
used by Laemmli was suspected to cause the 
lost of antigenicity for certain proteins, this 
reagent was excluded in the first two follow-
ing experiments, 

Fig. 1sho3ws the optimum condition using 

sucrose acetone extracted dengue-2 antigen 


- - ... 

4 

, 


- I -

SHVSIS ,fl m 1S..S me e• *4 I.. 

ol-Ag U i, I~ El.*.UMSilleis4 

Fig. I-SDS-PAGE results for seriallydiluted sucrose 

acetone extracted dengue type-2 antigen

(HA 1:1,280 to HA 1:20) and normal mousc
 
brain treated with the same protocol as 

negative control. Note the higher number of
 
stained bands in serially diluted SAE-d2 in
 
comparison with serially diluted mouse 

brain proteins. MoICcular Weight markers 

were placed on the far left side of each gel

strsip. 


with SDS-PAGE systems. lp1 of' viral 
antigen and the sample buffer (1:1 ratio) 
were loaded into each well. The right side gel 
strip shows the separated dengue-2 viral 
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proteins when serially diluted (fron HA I: 
1280 to 1:20), while the left side gel shows the 
serially diluted proteins from normal mouse 
brain as. a negative- control.- The- separated 
bands from dengue-2 with HA titer of 1:1280 
were seen sharply and well separated. With 
larger volume of viral antigen, 20 iil and 
30 pll; these bands were broader but not as 
sharp. At this stage, proteins from mouse 
brain or viral proteins can not be different­
iated. 

In order to determine the specificity, 
serially diluted dengue-2 viral antigen (form 
HA titers of 1:1280 to 1:20) were loaded in 
sequence. After blotting to NC membrane, 
serum with anti-dengue-2 activity proven by 
HI test (HI titer to dengue type 2 was 1:2560) 
and negative control serum, proven by both 
HI test and the neutralization test, were 
separately incubated with 2 identical twin NC 
strips. No specific enzymc-imnmunological 
reaction with the negative serum was found, 
but at least 3 positive bands with dengue-2 
antigen at 1:1280 can be observed (Fig. 2).
These 3 bands were compared wit h molecular 

%weightmarkers and their molecular weightswere estimated as 71,000, 66,000, and 59,000 

. 

:. 


. ; 

'
 

' . 
,. _ . 

- .. , t-w '- "':" 
. . .
 

Fig. 2-Spcillcity test for antibodies detected by 
VAS/EIA. Positive serum from dcnguc-2 
infected patients bound to 3 polypeptides
while negative serum demonstrated an
absence of bound antibody. 
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daltqns. The best blocking agent for this test 
was the non-fat dry milk, 10% (W/V). 

. .In order-to -find- out- the- effect--of-2ME 
dengue-2 antigen (HA 1:1280) and non-dilute 
sucrose acetone extracted normal mouse 
brain were treated with different amount of 
2ME(Fig.3). The finalconcentration of2ME 

7,:- ":'' 

. .... =:,.. 

. .GP 

Fig. 3-Effect or 2-mercaptoethanol demonstrated 
by varying final concentration of this re­
ducing agent. Normal mouse brain showed
negative result while SAE-d2 (HA: 1280) was
sensitive to this treatment. Note the 
disappearance of bands at 71,000-68,000,
60,000-54,000,50,000-48,000,21,000-19,000, 
and an appearance of strongly positive
band at 85,000-77,000. Also note for
the higher color intensity at 85,000-77,000 
and at 45,000. 

were5,4,2, 1 and0.5, leaving the last well for 
control (without 2ME or 0%). This serum 
had anti-dengue-2 HI titer of 1:2560 and 
demonstrated at least 8 antibodies when 
2ME was not included. These polypeptides 
are as following : between M.W. of 130,000-
110,000 (p130-110), 71,000-68,000 (p71-68), 
66,000-64,000 (p66-64), 60,000-54,000 (GP 
60-54), 55,000-50,000(p55-50), 50,000-48,000 
(p50-48), 46,000-44,000 (GP46-44), and 
21,000-19,000 (GP21-19) daltons. When 
2ME was included, some of the positive 
bands disappeared such as the polypeptides 
with M.W. of 71,000-68,000, 60,000-54,000, 
55,000-50,000, and 21,000-19,000 daltons, 
At the samctime, this treatment beought 
about an increasing of intensity to certain 

Vol. 18 No. 3 September 1987 3? 

Table I
 
Antibodies to dengue 2 by
 

VAS/EIA in--an absence and --in presence
 
of 2-mercaptoethanol.
 

Intensity scores for antibodies to
 
dengue 2 polypetides
 

%2ME 

0 0.5 1-2 4 5 

p,!85-77 - 3 3 4 4 4 

p 71-682 

p 6 6 -64 

60-543 
2 I I I I I 

p 55-50 
p 50-48 

2 
1 

1 
-

1 
- -

II 
-

I 
-

GP 46-44 
GP 21-192 

I 1 
-

2 
-

2 
-

2 
-

2 
-

polypeptides especially the one with M.W. 
of 85.000-77.000 and 45.000 daltons. These 

results are shown in Table I. NF is still 
the choice for blocking agent. 

Another factor that can cause the lost of" 
antigenicity is the heat treatment, 5 rin at 
100°C. This process is needed for 2ME to 
reduce di-sulfide bonds and normally all 
proteins were treated to reach a condition of 
being a straight single polypeptide chain for 
estimation of their molecular weight. A 
patient serum (C0909), collected 15 days 
after hospital admission, was used to compare 
the effect of 2ME with and without heat 
treatment, and without the 2ME. HI titers of 
this serum are as follows : dl (1:5,120), d2 
(I :2,560),d3(>I: 10,240)and d4(>I :10,240). 
The results are demonstrated in Fig 4 and 
Table 2. With 2% of 2ME and heat. antibo­
dies to p85-77 and GP45 can be observed. 
When 2ME was included, voluime of all 
dengue viral proteins and negative control 
must be raised up to 20 itl, otherwise the 
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Fig. 4--Comparison of the results obtained from 3protocols, A-strip was from VAS/ElA without 2ME, 

B-strap from VAS/EIA with 2%. 2ME, and C-strip from 2%/ 2ME wiath heat Ircatmncnt at 100 0C 

for 3 min. Strip B and C werc tested at the same time, so the bands can bc compared while A-strip 
approx M.W.. Notc lower inten­

was run separately using different M.W. mirkers to determin 
and higher intensity at 45,000 after hcnt treatmecnt.

sity of color development at 85,000.77,000 

immunoenzyme reaction will be poor and 

can not be compared with the results ob-

taned when 2ME was excluded, 
ascores 

bodies in DHF patients ; dengue viral 
1 to 4, and NMB,antigens, from type 

were tested with sera collected on day I 
(0192/80) and day 15 (0317/80) after hospital 
admission. On day 1, HI titers were as fol­

lows dlld :,120, 3(l:5,20)(12,50), 
and d4 (1:2,560), Dengue type 2 was 
isolated on day I indicated that the patient 
was secondary infected with dengue virus 
type 2. Antigens used in this expcriment
 
were not treated with 2ME. From Fig. 5., 


dengue
antibodies were found against all 

366 

serotypes. Comparison between 2 strips was 

made and the scored for color -intensity were 

assigned to each individual bands. These 
are shown in Table 3. Ten antibodies 

todnu- lyeieswrntdinea 
collected during covalescent phase. 

With another pair sera, 2% of 2ME was 
used to treat the antigens but heat treatment 

Fig. 6 and Table 4. Eventhough the antibo­
dies were found to react with lesser number 
of polypeptides, the seroconversion can be 
clearly seen by visualization. 

Normal adult sera were subjected to VAS/ 
EIA with excmption of 2ME. Examples of 
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Table 2 
.- Antibodies in-human hyperimmune serum (C0909) to dengue viral polypeptides deteced 

under different conditions. 

Highest VAS/EIA score to each polypeptide 

Reducing Reducing
Antibodies to Non-reducing condition condition
dengue viral condition (+ 2% 2ME) without (+ 2% 2ME) with 3 min
polypeptidcs heat trcatment heat treatnmcnt
 
p130-1 0 3 (dl) 2 (d2)
 
p 85-77 
 4 (d1,2,4) 3 (d2)
 
p 71-68 
 2 (d2) 2 (d2,3)
 
p 66-64 2 (d2)

GP 60-54 4 (d1,2) 2 (dl) 2 (dl)
 
p 55-50 2 (d2)
 
p 50-48 2 (dl)

GP 45 
 1 (d all) 2 (d 1-,2,3)
 
p 30-28 .
 
p 26-24 .
 
OP 21-19
 
p 14
 

, . , . , Ta b le 3
" 'Antibodies to dengue viral polypeptides

':' ' "' " ? "i°" " I''"in patients (SDS-PAGE without 2ME) 

.- -" Antibodies to dengue Serum Number]viral polypeptides 0192 0314 

'pp130-110 2 (dI) 3 (JI) 
t . p71-68 2 (d2) 2 (d2) 

p66-64 3 (d2) 3 (d2) 

GP60-54 3 (d2) 4 (dl,2) 
D VAS/EIA p55-50 I (d1,2) 1 (dl,2) 

results p50-48 1 (d1,2,3) 3 (dl) 
Fig. 5-Sero-conversion to all types of dengue GP46-44 1 (dl,2,3)2 (d2)viruses (dl, d2, d3 and d4) as seen by VAS- p30-28 1 (d]) I (d)EIA without 2ME. 0192 is the serum
collected on day I after hospital admission p2624 I (d I) 2 (0 )
and 0317 Is the serum collected on dayl 5.
Note the higher intensity of color develo- GP21-19 I (d2) 3 (d2)
pment and number of positive b/nds in


0317 (Convalescent serum). 
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Table 4 

Sero-conversion between sera collected 
,.::, during acute and convalescent phase in 

presence of 2% 2-mercatptoethanol. 

Antibodies to dengue Serum Number 
- viral polypeptides 1099/80 1267/80 

,.: , , 130-11I0 1(d1, 2) 2 (d2) 

p85-77 I (d all) 4 (d2) 

VAS/EIA p7 1-68 - (d2l 

results GP 59 I (d2) 1(d2) 
p52-SO I (dl, 2) 1 (dl,2) 

", *. GP45 l (dl) 2 (dI) 
:..7 : ....: :.. .:. €,;,,. .,...,:-. 

';...;r .;,':. ', +Me. 
':d 

HI titers 
1 

d2 
1:41:40 
1: 40 

1:2560 
1:2560 

Fig. 6-Sero-conversiontoalltypesofdengueviruses d3 1: 160 1: 10240 
as seen by VAS/EIA with 2% 2ME without
heat treatment. Note the sero-convcrsion d4 I: 40 1: 5120
especially at d2 and at M.W. of 45,000
daltons. 

Table 5
 

Antibodies to dengue viral poLypeptides in healthy adult male by VAS/EIA without 2 ME.
 

Antibodies to dengue viral polypeptides -!rum Number 
NHS 19 NHS 20 NHS 21 

p 130-110 p 71-68 2 (dl,3)2 (d2) 3 (d])3 (d2) 3 (dl)4 (d2) 

p 66-64 3 (d2) 3 (d2) 4 (d2) 
GP 60-54 3 (d 1,2, 3) 4 (d I, 2, 3) 4(d I, 2, 3) 

VAS/EIA p 55-50 
results p 50-49 1 (dl) 2 (dI) I (d 1) 

OP 46-44 - -

p 30-28 
p,26-24 
GP 21-19 2 (d1, 2) 2 (dl, 2) 

dl <1 :20 1 :80 1 :160 
HI titers d2 I:20 I :40 1 : 80 

d3 I :80 1 :80 1 :160 
d4 I :20 1:40 1:160 
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D1 D2 D3 D4 N~hI D1 D2 D3 D4 NMB D1 D2 D3 D4 NMB 

NHS 19 NHS 20 NHS 21 

types of dengue viruses In normal adult male sere -by VAS/EIA without
FIg 7. Antibodies to all 


all dengue viruses and different level of color
2ME. Note appearance o antibodies to 


intensities among the sera.
 

to all type of dengue viruses in a platlent's sere serinliy collected from day I, day 15,
 
Fig 8.Sera-conversion 


day 30, to day 60. VAS/EIA was performed in non- r.educing condition. Note forf the appearance of
 

-entibbdy to pnlypeptide with approximate m.w. 
 aroiund 14,000 daltona on day 15. 
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this result are demonstrated in Fig 7. VAS/ 
EIA scores and HItiters are shown in Table 5. 
VAS/EIA demonstrated higher sensitivity 
than Hli test i.e. when HI titer was lesser than 
1:20 for dl in NHS 19. 

Antibody to protein with M.W. around 
14,000 was found in a ce'.taincase. This anti-
body appeared on day 15 after hospital 
admission, and cannot be detected on day 30 
and 60 in which the samples volume were 
increased to 20 p1 (Fig. 8). 

DISCUSSI10N 

The VAS/EIA used in this study was 
proven useful to study dengue viral polypep-
tides and human humeral immune responses 
specifically against these individual proteins.
With classical SDS-PAGE protocol (Laem-

mli, 1970), 2-ME was included in the sample 

buffer and this mixture must be heated at 

100C for 5 min. After electrophoresis, the 

separated proteins can be stained by Coomas-

sic brilliant blue and observed as shown in 
Fig 1. After blotting, these proteins on 
surface of NC membrane can be traced by 
Indian ink. We have selected 15 hr to transrer 
these proteins since we found no Coomassie 
stain in gel and many strong Indian ink bands 
on NC strips. 

When serially diluted sucrose acetone 

extracted dengue type 2 antigqns were tested 

with positive and negative control serum 

(proven by HI and PRNT tests), we found that 

strong antigen with HA titers of 1:1,280 gave 

the best result while the required antigen 

volume is only 5 pl. After mixing this antigen 

with equal volume of sample buffer, the final 

volume loaded into each sample well is only 

lI I.) 

Hyperimmune sera, diluted from I :54 1:10, 

1:50, 1:100, 1:200, 1:500 and 1:1000, were 

incubated with viral antigens strip and normal 

mouse brain strip. Then the bound antibodies 


Vol. 18 No. 3 September 1987 

VIRAL POLYPEPTIDES 

were traced by second labelled antisera, 
rabbit anti-human lgG. The optimum result 
was seen with 1:50 dilution. Therefore, all 
test sera were diluted to 1:50 dilution by 
bufferAwithadditionof5% BSAor 10y,,NF 
for non-specific blocking. 

When we applied the test sera to the viral 
antigen strips, few pinkish-red color bands 
developed indicating antibodies against these 
polypeptides. With classical Laemmli SDS-
PAGE method, where 5%2-mercaptoethanol 
was used as a reducing agent and heat treat­
ment at 100°C for 5 min was required, 'we 
observed antibodies towards the polypeptides 
with estimated M.W. between 130,000­
110,000, 85,000-77,000, 71,000-68,000 and 
45,000. With BSA as non-specific blocking 
agents, the antibodies to smaller polypeptides 
(30,000-28,000, 26,000-24,000 and 21,000­
19,000-daltons), were often found. One 

is that the non-specificdrawback of BSA 
back of s that ose in 

band can be seen with normal mouse brain 

strip causing difficulty to interpret the results. 

Replacing BSA with NF, all non-spccific 
background disappeared, however the in­
tensity of positive bands were also decreased, 
and certain bands diminished. This problem 
was solved by increasing sample size from 
10 pI to 20 p1. Each band was broader, but 
eventually brought up color intensity. 

However, the separation of protein bands was 
not as good as when the sample size was 
10 P1. 

To study the effect of 2ME, various concen­
tratons of this reducing agent were mixed 
with the sample buffer from 0, 0.5, 1.0, 2.0, 
4.0 to 5.0 percent. The samples were not 
heated when 2ME was not included. As seen 
in Fig. 3, without 2ME and without heat 
treatment, more antibodies can be demon­

strated especially to the polypeptides at M.W. 
or 130.000-110,000 (P130-110), 71.000-68,000 
(p71), 66.000-64.0(X) (p66), 60,(X)0-54,000 
(E or GP59), 66,000-64.000 (p66), 55,000­
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50,000 (p55) 50,000-48,000 (p50), 46,000- 2 for polypeptides with M.W. at p130-110, 3 
44,000 (GP45) and 21,000-19,000 (GP21 or for antibody to GP59, andI for antibody to 
prM) . At -2 2ME, antibdies at p130- p50. Therefore, the sensitivity can be claimed 
110, p66, p55; and GP45 can be seen with to be higher than that of HI test. 
an extra band at M.W. of 85,000-77,000 
daltons (p85-77). Serum collected du ring The new nomenclature for flavivirus 
convalescent phase (15 days after hospital proteins were designated according to theiradmission) was used to compare 3 different gene expression after the entire RNA genome
following protocols. of the yellow fever was described (Rice el al.,1985). The first structural protein is the Capsid
(1) excluding 2ME and heat treatment; (C) protein with M.W. between 13,000-16,000 

(2) including 2ME at 2 %and excluded heat daltons and the antibody toward this protein 
treatm ,nt; can be seen with the non-reducing condition 

in certain hyperimmune sera (Fig. 8). The 
(3) including 2ME at 2% and treat sample at next structural protein synthesized in sequ­

100°C 	 for 3 min. ence is the virion M protein (M.W. of 8,000­
8,500 daltons). This protein has not beenThe results indicated clearly that GP 59 is found in infected cells and was postulated to 

very sensitive to 2ME and also the antibodies be derived from a precursor glycoprotein 
to protein p130-110, p71-68 p66-64, p55-50, (prM) which was also called as GP23, GPI9, 
and p50-48. With 2ME and heat treatment NV2, or NV2 1/2 and has estimated M.W. of 
only few antibodies can be seen with lower 19,000-23,000 daltons. With VAS/EIA, 
scores. However, the antibodies to p85-77 antibodies to M was so far absent but 
GP45 can be best observed, the antibodies to protein at prM position 

With the same scoring system that was can be detected. Envelope (E) protein 
applied to quantitate HIV antibodies in AIDS follows M with M.W. between 51,000 to 
significant seroconversion can be observed 60,000 daltons. Under non-reducing condi­
by VAS/EIA such as seen in Fig. 5. Higher tion, human hyperimmune sera reacted with 
color intensities were recorded and also there at least 3 polypeptides at the approximate 
were antibodies towards more polypeptides. M.W. of 60,000-54,000, 55,000-50,000 and 
This changing pattern is interesting and allow- 50,000-48,000 daltons. We can say that the 
ing the analysis of antibody responses at the antibodies to structural proteins can be 
molecular or polypeptide level. Realizing detected under non-reducing condition and 
the effect of 2ME and heat tratment inves- they are quite sensitive to 2ME and heat 
tigation for interesting antibody or monoclo- treatment. 
nal antibody may be undertaken by careful The antibodies to the non-structural­
selection of a proper protocol. proteins, NSI (NV3 or GP45 with M.W. of 

Sensitivity of VAS-EIA when applied with 44,000-49,000 daltons) and NS3 (NV4, or 
other virus such as the avian leukosis viruses p77) with M.W. of 67,000-76,000 daltons) can 
(Esenman ef al. 1980), it was calculated that be seen best with the classical SDS-PAGE 
a specific viral protein (p27) as little as 1-2 ng when the concentration of 2M Ewas decreased 
can be detected by hyperimmune rabbit serum to 1-2 percent and the heat treatment period 
at 1:50 dilution. In our experiment (Talble 5). was also reduced to only 2-3 min. The ns 2a 
when antibody to dengue type I was found was found to have similar molecuaurweight 
lower than 1 :20, antibodies to dengue I to prM, therefore the antibody to this poly­
polypeptides still can be recorded as follows : peptide or prM must be differeniated by the 
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use of their specific antisera. This situation 
must also be applied to ns2b because .its 
molecular"weight is ' about 12,000 to 15,000 
daltons and cannot be diffeientiated from 
antibody to C protein until the specific an-
tisera is employed. With ns4a (NVX or NV2 
1/2 with M.W. between 24,000-32,000 
daltons, we observed at least 2 bands(at M.W. 
of 30,000-28,000 and. 26,000-24,000 daltons). 
The antibodies to ns4b (NVI with M.W. of 
10,000-11,000) was absent, while antibody 
to NS5 (NV5 with M.W. of 91,000-98,000 
daltons) were observed with reducing con-
dition in certain patients' sera. 

Besides the proteins mentioned, VAS/EIA 
revealed antibodies toward at least 2 more 
proteins : the proteins with M.W. between. 
130,000-110,000 and the other with M.W. of 
85,000-77,000 daltons. These antibodies are 
probably toward the p130 and p83 respec-
tively. 

In this study, VAS/EIA was proven as a 
powerful tool in monitoring antibodies to 
dengue viral polypeptides. It can be used to 
study humoral immune responses in vaccinces, 
patients, and in population as well. The 
results may lead to a better understanding 
of the immunopathogenesis and may as well 
lead to further application as rapid diagnostic 
method. This study is now in progress in our 
laboratory. 

SUMMARY 

The authors applied polyacrylamide gel 
electrophoresis in the presence of sodium 
dodecyl sulfate (SDS-PAGE), western blot, 

being sensitiveand rapid, this technique yields 
information of the polypeptidcs or molecular 
level. An increasing of intensities of positive 
reactions indicated risingin antibodies titers 
and all serotypes ofdengue viruses (from type 
I to type 4) can be tested together allowing 
reliable comparison among serotypes. With 
hyperimmune human sera, at least 13 poly­
peptides reacted with sera while negative 
non-immune subject showed no reaction. 
It is highly possible to use this technique as a 
rapid quantitative and for qualitative 
analysis of antibodies to individual viral 
proteins as well. 
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IMMUNE RESPONSE IN RABBITS TO DENGUE VIRAL PROTEINS
 

Vina Churdboonchartl, Natth Bhamarapravati 2 and Kanchana Sirisidhi3 

1,3Department of Pathoblology, Faculty of Science, Mahidol University, Rama VI Road, 

Bangkok 10400, and 2Department of Pathology, Faculty of Medicine, Ramathlbodi Hospital, 
Rama IV Rd, Bangkok 10400, Thailand. 

Abstract. Antisera to all types of dengue and Japanese encephalitis (JE) viruses were raised in 
rabbits. The first set of rabbits was immunized with crude antigens prepared by a sucrose acetone 
extraction. The first generation of antisera demonstrated antibody activity towards the group 
specific flaviviruses, without unwanted antibody activity towards the mouse brain material. Anti­
body activity towards E,NS3, NS5 and NS1 could be observed by western blot/irimunoenzymatic 
assay. Another set of rabbits was immunized with the precipitin complexes forrn.d between antisera 
raised against each type of dengue, or JE viruses, and their homologous antigens. Each rabbit serum 
was screened again by the westerij blot/immunoenzymatic method, and was absorbed with other 
types of dengue viruses until the specific activity towards the Immunized viral annyen was obtained. 
The last 2 bands detected on the viral antigen strip were the doublet of protein bands at Mr 67 and 
71 kDa, which are the NS3 protein. The specific polyclonal antisera obtained ca'n be used with other 
tests as well as the monoclonal antibody. Since absorption can lead to type specific antisera, this 
NS3 protein must be quite unique, it processes atype specific determinant (s)and deserves further 
study as a target molecule at the polypeptide level as well as at the RNA level. 

INTRODUCTION 

The flaviviruses are a serologically related 
group of viruses in the family Togauiridae. 

Cross-reactivity of the immune responses caus-

ed difficulty in diagnosing this Infection by a 
hemagglutination-inhibition (HI) test (Westaway, 
.1968 a; Westaway, 1968 b; Scott et a, 1972). 
Many attempts to produce specific antigens for 

, serological tests have been made (Smith et a!,
.,eooia et ae enmd Sihe t 
1970; Qureshi and Trent, 1973; Eckels et at, 
1975). However, in effective serological tests 
such as the HI (Clarke and Casals, 1958) and 
enzyme linked immunoabsorbent assay (Burke 
et at, 1985; Innis et al, 1989), crude antigens 
made from sucrose acetone extraction are still 
used. On the E glycoprotein, the serotypic, 
flavivirus-group-reactive, and complex-reactive 
determinants could be identified with polyclonal 
antisera by a competitive antibody-binding 
assay (CBA) (Trent, 1977). The hybridoma 
technology has contributed significantly in the 

area of rapid identification and the availability 
of monoclonal antibodies (MAb) to all 4 types 

of denguc viruses. (Gentry et at, 1982; Henchal 
et at, 1982). These MAb have been applied 
for use with other techniques, such as the 
Indirect iunofluorescence assay, IFA 
(Henchal et at, 1982). The MAb are being 
routinely used to identify, virus agents in mos­

quitos inoculated with' sera from dengue
patients In an attempt to detect the etiologic
virutses. 

In this report, polyclonal antibodies were 
raised in rabbits. Immunoprecipitin from the 
first generation of dengue antisera and dengue 
antigens obtained from counter immunoelec­
trophoresis (Churdboonchart et a!, 1979) were 
used as an immunogen. This short cut was 
employed before using crossed Immunoelectro­
phoresis precipitates to produce specific herpes 
simple:n virus type 2 antisera (Vestergaard, 
1975). The second generation antisera were 
repeatedly absorbed with other dengue sero­
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types to obtain serotypic polyclonal antibodies. sucrose acetone, were. loaded in the anodal 
The specific antibodies are against the non. side, or. row numbers 1, 3, and 5; and the 
structural dengue specified protein NS3. The rabbit aWi-dengue antisera were loaded on the 
results suggest the possibility of using them for cathodal side, or row numbers 2, 4 and 6. The 
simple .aInd raIpi11d diagno .sI s. vo6ume o.f antigens 'a'rid_ ant'ibodies'loaded, into 

each 4 mm well was 25 pl, Electrophoresls, 
20 mA per slide, was done at room tem-

MATERIALS AND METHODS perature for 90 minutes using a 0.05 M 
Veronal buffer, PH 8.2. Precipitin complexes 

Viruses and viral antigens between viral antigens and antibodies could be 
seen by the naked eye. 

Dengue type 1 : Hawaii M 199 (Dl); dengue 
type 2 :New Guinea C (D2); dengue type 3 : Serology tests 

H-87 (D3); dengue type 4: H-241 (D4); and Serology tests for an estimation of anti-
Japanese encephalitis: Nakayama (JE). Viruses dengue activities were done by 2 methods; the 
were used in this experiment. micro-modification method of the hemagglutina-

Viral antigens were prepared from dengue tion-inhibition (HI) test (Clarke and Casals, 

infected suckling mouse brain. They were ex- 1958), and the isotype antibody capture enzyme­

tracted by acetofie in presence of sucrose (SAE) linked immunosorbent assay for specific dengue 

Clarke and Casals (1958). virus lgG antibodies (GAG-ELISA) (Burke et at,according to The 
1985; Innis et at, 1989). Sera were extractedantigens were titrated by a h'emagglutination 

(HA) test, Viral-antigen.strip/enzymeimmunoas- by acetone before being subjected to both tests. 

say (VAS/EIA) (Churdboonchart et at, 1987), For the HI test, the antibodies to all 4 types of 

and countercurrent immunoelectrophoresis dengue Japanese encephalitis and chikungunya 
viruses were titrated. GAG-ELISA was used to(CIE) (Churdboonchart et at, 1979). 
detect antibodies towards the dengue group

AntisIera antigen, and Japanese encephalitis viruses. 
Goat anti-Rabbit lgG and rabbit anti-human Viral antigen strips/enzymelimmunoassay 

IgG labeled with "peroxidase enzyme were pur- (VAS/EIA) 
chased from Sigma. Monoclonal antibodies 

were raised from hybridoma cell lines (3H5-1) Viral antigen strips (VAS), containing SDS­
purchased from the American Type Culture PAGE separated polypeptides of all 4 types of 

Collection (ATCC). Human hyperimmune sera dengue viruses, and normal mouse brain were 
were collected from laboratory confirmed cases prepared as reported previously (Churdboon­
of secondary derdgue hemorrhagic fever (S-DHF). chart et at, 1987). The reducing agent, 2-

Countercurrent mmunoelectrophoresis mercaptoethanol, was excluded from the 
classical Laemmli protocol (Laemmli, 1970). 

Countercurrent immunoelectrcphoresis An immunoenzymatic assay was done using 

(CIE) for forming dengue viral arqtigen-antibody the prepared rabbit antidengue antibodies as 

carried out as previously des- a primary antibody. Specific rabbit anti-denguecomplexes was 
cribed (Churdboonchart et al, 1979). Briefly, (IgG) antibodies which complexed with dengue 

18 ml or 0.6% agarose (BDH Chemicals, Eng- viral antigens, were detected by the second 

land) in 0.05 M Veronal buffer, pH 8.2, was antibody, anti-rabbit lgG, labeled with pero­

layered on a glass slide (3.2 in by 4.0 in). After xidase enzyme (Sigma). The color intensities of 

gelation, 6 rows of 4 mm wells were punched, positive bands were graded according to 

leaving 3 mm between row 1 and 2, 3 and 4, Schupback's criteria (Schupback et at, 1985) 
as well as 5 and 6, in order to form precipit'in as follows : + 1 for a barely detected or fainted 

as acomplexes. The viral antigens, extracted with pink color, +2 for a clearly positive seen 
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sharp pink color bands, +3 for a strongly. were titrated again by GAG-ELISA to all dengue
 
positive (red color), and +4 for a 
very strongly and JE viruses.
 
positive reaction seen with a dark red color.
 

,.Polyclona[,type- specific- antisera -to -dengueREUT 
viruses. 

Polyclonal antisera were raised in rabbits by Characterization of the antigens
 
the inoculation of one type of SAE dengue an­
tigen on each foot pad. One part of the SAE Antigens that were to be used to detect
antigen was thoroughly mixed with one part of antisera developed in immunized rabbits wereantign ewasscharacterized by HA test. Antigens with HA 

an IcompeteFreud's djuant.Afte 10 titers higher than 1 : 640 units were characte­days, of 3 immunized doses at weekly intervals, rized by human hyperimmune sera from con­the rabbits were bled and the sera were char- firmed DHF cases by Hi and by GAG-ELISA.
 
acterized by CIE, HI, ELISA, and VAS/EIA. These H tite and to d 
 g EiS
 
The rabbit sera were freed from unwanted an- These high titer antibodies to dengue proteins
 
tibodies by a liquid phase absorption, using in immune sera bound to viral proteins on the 

S50% homogenized normal mouse brain in a nitrocellulose membrane revealed the kind and
 
phosphate buffer for the absorption, until they quantity of each dengue viral protein. Good
 
were devoid of any antibody activity to a nor- batches of dengue antigens usually demon­
.mal mouse brain, Usually the antisera against strated strong color bands to envelope (E) pro­
dengue viruses abtained at this step react with 
 tein (Mr 52-60 kDa), core (C) protein (Mr 16type specific as well as dengue group specific kDa), NS5 (Mr 91-98 kDa), NS3 (Mr 67 andantigens. 71 kDa), and NS1 (Mr 45 kDa). All 4 types of
 

dengue viruses, (a1 to D4), and Japanese

With CIE, precipitin complexes between encephalitis (JE) antigens were selected after
 

dengue viral antigens and rabbit polyclonal an- the characterization, in order to be used to
 
tibodies can be obtained. After electrophoresis, produce the viral antigen strips, or VAS for
 
the precipitating bands In agarose gel Iwere ex-
 titration of anti-dengue activities in this ex­
cised and homogenized with an incomplete periment.
 
Freund's adjuvant at 1 : 1 ratio (V/V). The Human Immune responses to dengue pro­
second set of rabbits were immunized with this
 
precipitin complex using the same Immuniza- teins.
 
tion schedule. The antibodies obtained at this Sera from S-DHF patients, collected during d 
step usually demonstrated higher antibody ac- different phases of the illness, were employed

tivitles. The sera were examined by CIE in order 
 for this experiment. Sera from day 4' to 10 
to screen for the precipitin bands and were the after the onset of fever were examined, using

first to be absorbed wilh the mouse brain the standardized dengue antigen strips. Serolo­
material if any activity 
 to the mouse brain gical tests of these patients are shown in Table
 
showed up. Then, they were absorbed with 1, and the antibodies to dengue proteins are
 
other types of dengue viruses. In this experi- demonstrated in Fig 1. Antibody activities to
 
ment, the following programs were employed: dengue structural proteins : E protein of Mr 59
 
D4-SAE antigen to absorb the antisera to D1 kDa, with 2 smaller E.proteins of Mr 55 and 50
 
D1 -SAE antigen to absorb the antisera to D2, kDa, and C protein of Mr 16 kDa, could be
 
D4-SAE antigen to absorb antisera to D3, prominently detected during the convalescent
 
D1 -SAE antigen to absorb the antisera to D4, phase. The antibody to M-protein at Mr 8.5 kDa
 

:and D2-SAE antigen to absorb the antisera to could be seen only in certain cases when the 
JE. After complete absorption, the antisera titers to other proteins were already strong. The 
were screened by VAS/EIA. These antibodies antibodies to the non-structural proteins : NS 5 
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.H[titprs, Day after HI (reciprocal) 

D 1 D2 D3 D4 JE CHIK 1gM IgG igM lgG 

day'4 .20 20 <'20 <20 <20 <20 39 21 75 122 
day 51 280 640 640 320 640 <20 ND ND ND Nd 
day 6, 1280 1280 640 1280 1280 <20 ND ND ND ND 
day 10- 2560 2560 320 2560 5120 <'20 228 362 46 441 

ND - not done 

RS 343 
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Fig~1-Viral antigen strips A, B,C and Dare shown for comparison of the development of, dengue antibody 
responses Inchildren with dengue Infection. Each strip has 5 lanes and dengue antigens prepared from 
dengue viruses type 1 to 4 by loading Into lane 1 to lane 4. Normal mouse brain supnslon was loaded 
In lane 5 as the negative control. Antibody responses to E,NS1, NS3, NS5 and pMffroteins could be C 
detected during acute phase of illness on day 4 (Strip A) and higher responses couldbe observed during 
the convalescent stage on day 10. These standard strips were confirmed to contain enough dengue 
proteins for detecting the dengue antibodies. 
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,at Mr 92-97 kDa, NS3 at Mr 67 and 71 kDa, 
and NS1 atMr45 kDa, were detected in most 

S-DHF during the convalescent phase.1 The first 
antibody observed was the antibody to E­

ib~it~~59 kDa and the s eco nd Ione Iwas 
:the antibody to NS3 at Mr 67 kDa. The viral 
antigen strips were comfirmed here to contain 
enough dengue proteins for detecting dengue 
antibodies in the serum of an Immune person. 

Rabbit Immune responses to dengue pro­
teins. 

The first generation of rabbit antisera obt' 
ained from the immunization of the rabbits with 
sucrose acetone extracted antigens demon. 
strated cross-reactivity among dengue sero­
types and JE with reference VAS as shown in 
Fig 2. The antisera were freed from antibodies. 
to mouse brain materials showing an absence of 
bands to mouse brain antigen. These. rabbit 
antisera to flavivirus antigens were good enough 
to be used for quantitating the group peclfic 
antigens prepared from dengue and JE viruses. 

A second set of rabbits was immunized with 
the precipitin complexes formed between the 
antibodies from the first set of rabbits and their 
homologous antigens by the CIE method. After 
absorption, good antisera would show the 
specific activity toward the inoculated type of 
antigen as demonstrated in Fig 3 (A, B, and C). 
It is Interesting to note that the bands which 
Indicate the specific reactions toward each type 
of.antigen are against the doublet bands of NS3at Mr 67 and 71 kDa. The results from .12 

rabbits, whose era demonstrated the type 
specific antibody activity, are summarized in
Tabl an y amouse 

Application to rapid serotypic identification 
The rabbit polyclonal specific antibodies to 

dengue D2 were applied to Identify the type of 
*dengue Infection in an Infected mouse brain, 
tThe results are demonstrated in Fig 4. This 
antiserum showed specific activity towards D2 
i(lane 8) in the reference part of the strip. These 

.. antigens were serially loaded withreference 
idengue type I to 4, JE, and normal mouse brain 

. : * 

2 3 4 5 

"
 

- . 

-
 . ' 

. 

. . : . 

. 

. ... ..
 
" r 

. O : ". 

Fig '2-Rabbit serum after immunizing with crude 
sucrose acetone extracted dengue type 2 an­
tigen and absorbed with homogenized normal 

brain suspension. Antibodies to alldengue serotypes are shoawn in lanes 1 to 4 

which were loaded with dengue type1 to type
4. An absence of anti-mouse brain activity canbe seen with an absence of -stained bands in 

lane 5 (loaded with normal mouse brain 
suspension). 

from Lane 7 up to lane 12. The antibody acti­
vities towards the bands from patients , 26, 
# 65, and # 67 were demonstrated at the same 
position on the nitrocellulose membrane. D2 
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1 23 4 5 12 34 5 

1 2 . 3 4 . 5- 6. 

a-D2 

A a 04 

.JE 

Fig 3-Antibodies to NS3 protein at Mrof 67 and 71 kDa can be seen in Fig 3A (lane 2, to dengue type 2), and 
in Fig 3B (Lane 4, to dengue type 4). Antibody to JE virus (Fig 3C) after absorption of antibodies to 
dengue proteins, can be seen toward several Je proteins Including at Mr of 50 kDa. 

1 23 4 S 6 7 8 9 10 11 12 [j 

.................. ........
 

20­

23, 26 65 67 149 152 

Fig 4-Rabbit specific antibody to dengue type 2 was used to identify the serotype after the Infected from 3 
confirmed cases in lanes 2, 3 and 4 and detect dengue type 2 reference antigen in lane 8. Reference 
dengue antigens from types 1, 3 and 6 were loaded in lanes 7 9 and 10 respectively. Negative control, 

L....- ormal mouse brain, was loaded Inlane 11. 

, i j4 L a4; : ,, .: .. , 'f ;:!.:%/ ­ :' 

'- '-, :" i. ! ~ !: : , :;12 :'",,!:; :,' >?. ; .; : :: . . . 
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45-

Fig 5-Monoclonal antibody to dengue type 2 was used to detect dengue serotype as comparison. This antibody
showed the specific detection of dengue type 2 virus yielding the same result as the rabbit polyclonal 
antibody (Fig 4). 

vlruseswere Isolated from these 3 patlents' sera last and specific band against each type of 
by mosquito anI suckllng 'mouse Inoculation: dengue virus could be seen at the position of 
the results of identification agreed with the NS3 (Mr67 and 71 kDa). Besides obtaining 
serotype identification by monoclonal antibo- monospecific antisera, the antibodies demon­
dies, demonstrated In Fig 5. strated specificity toward the NS3 protein. 

This gave a short cut method by avoiding the 
DISCUSSION purification of this protein, which Is not avail-

Thea able at present. This protein was described ashydrophilic protein and carries net 15 po
crude sucrose acetone extraction, for each type hargessItive charges. It was posnttwaspstulated to be Involved
of virus, were employed with the CIE method in RNA replication wvth an enzymatic role (Rice
to quantitate dengue antigens and antibodies en inalwys shows as a(Chrd~chat A 18)ist 
(Churdboonchart et a/, 1979; Churdboonchart 

etel,197, Chrdboncart et a,1985). This protein always ows asia 
atisea culdnotdifer-
etol 191).Thee dobebaofM67nd1kawtthdoublet band, of Mr 67 and 71 kDa, with the 

etlat, 1981). These antisera could not differ- western blot method as shown in Fig 3 and 
entlate the types of dengue viruses. By using Fig 4. NS3 proteins must have a type specific
precipitin complexe of dengue antigens and determinant. Even though there may be cross 
rabbit antisera (which form in agarose get) as reaction among dengue types, this cross reac­
an immunogen, the stronger antibody activitles tion can be gotten climinated by a liquid phase 
can be obtained In rabbit sera after an absorp- absorption with other dengue types. This anti­
tion of the unwanted antibodies, eg the anti- body titer may even bep/etter if the purifiedbody activityto the mouse brain. 

-eie 

protein was used for Immunization,.NS3 The 

After selecting the antisera with CIEbands type specific antibody response created by the 
to be tested with VAS/EIA, the selected NS3 protein Indicates the existence of type 
ntsera were absorbed with other types of specific determinants on these proteins. The 

dengue viral antigens. After absorpti6n, the specific antibody to deigue type 3 is still not 
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in hand because the antibody response in the 
first generation was not as strong as iiue dengue 
type 2. Dengu~e type 2 demonstrated its~lf. to 
be the best, immunogen among the dengue 
scotypes. However, the JE viral antigen gave 
the best antisera both in the first and second 
generations. Further application using high 
titer antibody of anti-NS3 specificity for each 
type of dengue virus for serotypic identifica-
tion of dengue viruses'deserves further study. 
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Abstract. The suckling mouse which is used in the classical method to detect and propagate 
dengue viruses was evaluated in conjunction with the western blot and immunoenzymatic methods 
to detect the Infecting strains of dengue viruses. After intracerebral inoculation of patients' sera 
Into the suckling mice for 7 days, the mice were examined for the presence of dengue proteins, even 
though the mice did not have the neurological symptoms which usually serve as an indicator for the 
presence of dengue Infection In the mouse brain. With a blind study of a set of 12 specimens, the 
suckling mice could detect the virus with the same. frequency as the mosquito system but in shorter 
time of Incubation period. The whole process to identify the type of infection takes 9 days. Another 
important finding is the demonstration of the virion antigen in the liver. The quantity and quality of 
viral proteins In liver are comparable to those in the brain suggesting that the virus may replicate in 
the liver as well as In the brain.., 

INTRODUCTION 

Dengue viruses can be Identified after pas-
sage of infected human sera to suitable per-

missive hosts or cells. Originally, the suckling 
mouse was used to identify dengue viruses Irom 
type 1 to type 4 (Sabin, 1950; Sabin, 1952; 
Hammon et a/, 1960; Hammon and Sather, 
1964). After cell culture systems were devel-
oped, several cultured cell types such the 
LLC-MK2 ; Rhes'us monkey kidney cells 
(Sukhavachna et a/, 1966) and C6/36 mosquito 
cells: Aedes albopictus (Singh and Paul, -1968) 
were employed to isolated dengue viruses from 
patients' specimens. Later, the adull mosquito, 
Toxorynchites splendens (Rosen and Gubler, 
1974), was successfully used to isolate the In-
fected virus from patients' sera. With existing 
systems, viral isolation and Identification takes 
approximately 3 weeks with a recovery rate 
between 5-40% (Scott et a/, 1980). 

The present report shows that dengue vi- . 

ruses may be Identifled after a passagd in 

suckling mouse brain which was used in this 
cases as a biological amplification system. 

Suckling mouse inoculation together with the 
western blot technique was used and compared 

with mosquito lno~ulation plus Indirect immu­
nofluorescence test (IF'T). Other mouse organs 
such as liver, spleen, and also plasma were ex­
amined for the presence of the dengue virion 
antigen by the western blot method. 

MATERIALS AND METHODS 

Patients 
Twelve patients admitted with a clinical 

diagnosis of dengue Infection to the Ramathl­
bodi Hospital, Bangkok, Thailand, in 1989 
were randomly selicted for this study. Twelve 
serum samples collected during hospital admis-
Sion were split and aliguots sent to two labora­
torles working independently. to compare the 

results. Our laboratory handled the mouse inoc­
ulation and western blot technique, while the 
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'Center for Dengue Vaccine Development 
handled the mosquito Inoculation and immuno-
fluorescence"assay-The patients wee6gr ded 
according to the severity of disease by the cri­
teria set by WHO (1975). 
-Viral Antigens 'Sera 

a Aalbumin 
Mouse brain antigens extracted with sucrose 

acetone (Clarke and Casals, 1958) were pte-
pared from dengue type 1 (D1): Hawaii M199; 
dengue type 2 (D2); New Guinea C; 'dengue 
type 3 (D3) : H-87; dengue type 4 (D4) : 
H-241; and Japanese encephalitis (JE), Na-
kayama strain. They were titrated by hemag-
glutinatlon (HA) test, and screened by western 
blot for the presence of the optimum dengue 
protein bands to be used later as the positive 
control antigens. (Churdboonchart et al, 1987). 
Serology ' 


Sera were extracted with acetone and tested 
by a micromodification of the hemagglutination 
inhibition (HI) test (Clarke and Casals, 1958). 
Each case was classified as a primary (P-DHF) 
or secondary (S-DHF) infection according to 
the serologic criteria set by WHO (1975). 

rescence test 

welvne tert we sproteins 

used as the second antibody to detect the bound 
MAb to dengue viruses. 
Serotypic identification by suckling 

mouse and western blot technique 
were diluted 1 : 2 with bovine serum 
(0.75%) in borate buffered saline (BBS)

before Injecting one drop (.02. ml) intracere­
brally to each of the 1-2 days old suckling mice 
using a tuberculin syringe and 24-gauge needle. 
Diluted serum from each patient was inoculated 
into one liter of mice, which is comprises ap­
proximately 7-12 suckling mice. Infected mice 
were killed on day 7 after inoculation and their 
plasma, brain, liver and spleen were collected 
and kept separately. These organ specimens 
were each homogenized after mixing with 0.9% 
normal saline at approximately an equal ratio 
(V/V). The mixtures were centrifuged at 10, 
000 rpm for 30 minutes at 4*C. The supernat­
ant fluids were solubilized with 1% sodium 
dodecyl suftate (SDS) in Tris-glycine buffer (25 
mM Tris, 192 mM glycine, pH 8.0) at a ratio of 
1 : 1 (V/V). They were then electrophoresed in 
8% SDS-polyacrylamide gel (Laemmli, 1970) 
and transferred from gel to nitrocellulose mem­
branes (Towbin et al, 1979). The separated viral 

on nitrocellulose membranes were 
Twelve sera were stored at -70C until u-~_ characterized by an immunoenzymatic method 

ed. They were diluted 1 :'5 with RPMI- 1640 
-media (Gibco) before inoculation intra-
thoracically :36 ul into 13 adult mosquitos, 
Toxorynchites splendens, aged 1-3 days. After 

*Incubation at 32 0 C for 14 days, the mosquitos 
were killed and the head parts from 5 out of 13 
mosquitos were~scr )by indirect Immuno-
fluorescence, assay using human hyperimmune 
sera to dengue viruses as the primary antibody. 
Rabbit anti-human-lgG conjugated with fluores-
cein thlocyanate was used to detect the pres-

nce of the bound dengue antibody. If the 
screening test revealed a positive result, the 
body parts of the mosquitos were used for se­
rotypic strain Identification by Indirect immu-
nofluorescence assay using monoclonal anti-

to the dengue prototype strain ap the pri-
'iary antibody. Then the rabbit anti-mouse IgG 

conjugated with fluorescein thiocyanate was 

described previously (Churdboonchart et a/, 
1987). Human hyperimmune sera from dengue 
hemorrhagic fever patients (with HI titers higher 
than 1 : 20480 and demonstrated +4 score to 
dengue E protein and +3 score to NS3, NS5, 
and 0 proteins by the western blot immunoen­
zymatic method) were used as the primary 
antibody using a dilution of 1 :400. Rabbit 
anti-human-IgG labeled with peroxidase (Sigma) 
was used as the secondary antibody with a 
working dilution of 1 : 800.1 

RESULTS 

Observation of dengue viral proteins In
 
Infected suckling mice. 

When the mouse brain syspension from each 
Inoculated mouse was electrophoresed under 
denaturing conditions using 8% SDS-PAGE 

de c
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and characterized by the immunoenzymatic 
method, positive bands could be seen as shown 
as an example in Figl1;Patient .26serum was ...... 
Inoculated into a litter composed of 12 suckling 
mice, and the brain suspension from 5 out of 12 
or 41.67% of the mice demonstrated positive 
bands Indicating replication of the infecting 
virus In the brain. This experiment was a blind 
study, so the 12 specimens were split for 2 
laboratories. Our results agreed with the results 
from the Center for Dengue Vaccine develop 
ment. Three dengue type 2 and 2 dengue type 3 
were recovered from both systems. The viruses 
could be recovered from all 3 P-DHF (case 
# 23, * 26, and # 67) as shown in Table 1. 
The percentage of viral recovery was 41.67% (5 
out of 12). It is surprising that dengue type 3 

No, 26,' IkDa 

* .,9 99°, 

... ... 

• 

....................
 

virus can be recovered from serum collected on 
day 18 after onset of fever. Sera from the last 2 
pa... htlei 169 and -* 171) ,-were collected, oni ts(1 
days 24 and 22 respectively. According to the 
regular rule for viral isolation, sera should be 
collected before day 7 to obtain a high per­
centage recovery. Patients # 157 and 167 may 
not in factpgepresent dengue cases. Only a single 4.ptit 

specimen was taken from each case, and in 
normal practice they will not be included. If 
those 4 cases were taken out, the percentage of 
virus recovery would be 62.5% (5 out of 8 
cases). 

Liver suspension gave similar results when 
compared to the brain. All 5 positive cases re­
vealed dengue antigen in the liver suspension 
(Fig 2). The position of proteins in liver infected 

, •.. . , , ,o, . 

9 .~*~ * *rfl~j ~ .116*v ,t, "~~~~9 .. *" 

..'T
 

. .. . ,- .. .2 A4 
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,Table 1 

Results from the mouse-inoculation/compared to and :the mosquito inoculation. 

Clinical history Serotypic identification 

Patient Age Grade Day after Diagnosis Mouse Mosquito Reciprocal HI 
number onset of titers 

fever 

23 lyr 3m DF 2 P-DHF dengue type 3 dengue type 3 < 20 
26 6m 2Y 5 P-DHF dengue type 2 dengue type 2 < 20 
65 8yr IV 6 S-DHF dengue type 2 dengue type 2 640 
67 (OPD) 10yr 1 3 P-DHF dengue type 2 dengue type 2 .20 

149 4yr IV 5 S-DHF - - ND 
152 6yr 111 4 S-DHF - - 320-1280 
157 (OPD) NA NA NA NA ­ - 20-40 
163 12yr II 1 5 S-DHF - - 320-640 
165 13yr 11 18 (CONV) S-DHF dengue type 3 dengue type 3 1280 
167 9yr NA NA NA - - 640-1280 
169 6yr IV 24 (CONV( S-DHF - - 5120- <20480 
171 4yr III 22 (CONV) S-DHF. - - 320-1280 

Y = with unusual clinical manifestation
 
CONV = convalescent sera
 
NA = not available
 
OPD = sera collected at out patient department
 

with sera number 26, 65, and 67 demonstrated shown in. Fig 3 the serotypic strains of dengue 
E-protein at 59 kDa, and other antigens such as viruses could be identified, using the E-proteins 
NS5, NS3, NS1 and prM could also be observ- as markers. Dengue type 2 E-protein has Mr 59 
ed. The presence of NS3 in liver seemed to be kDa and dengue type 3 E-protein is smaller (Mr 
less than in the brain, but the NS1 at Mr 45 kDa 56 kDa). The position of the E-proteins from 
showed a stronger band. Liver infected with patients numbers 26, 65 and 6V had the same 
dengue type 3 ('0=26) revealed E-protpin with Mr as that of dengue type 2 and the E-proteins 
lower molecular weight as observed with the from patients numbers 23 and 165 had the 
infected brain (Mr 56 kDa). The other specim- same Mr as that of dengue type 3. 
ens from dengue Infected mice, the plasma and 
spleen, gave negative results. DISCUSSION 

Se " Identi o by w n bDetection of dengue virus infection byb wsuckling 
and immunoenzymatic method used to detect the first dengue virus strain forty 

ro .c eo . mice was a classical method which was 

It was obser.ved that the positions of protein years ago. Normally, observation of neurologi­
bands from different strains of dengue viruses. cal signs of the Inoculated mice is used as a sign 
were not at the equivalent position (Fig 1),.With of virus growth in the mouse brain. When the 
the reference dengue prototype strains, the animals were well, the investigator had to pas-

K positive brain suspensions were compared as sage the brain to the next liter of mice etc until 
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2-Analyses of dengue proteln from lier inoculated with I: 23 (lane 1), =26 (lane 2), 4 65 (lane 3), v 67 
(lFie 4), 149 (lane 5), w152(lane 6) in comparison with reference dengue viral protein D1 (lane 7),
D2 (lane 8), D3 (lane 9), and D4 (lane 10) Japanese encephalitis antigen was loaded into lane 11 and the
negative control (normal mouse brain) was in lane 1?. The positive livar with serum 23 showed a 
strong E-protein band (Mr 56), NS3 protein Mr 71 and 67 kDa, NS1 protein at 45 kDa and Cprotein Mr
l6 kDa., , 

.they observed signs of illness or assumed a 
negative result. 

For this experiment, th e were killed 

day 7rwithout observation of neurological signs. 
Some of the mice demonstrated certain signs 
shuh the nd l ign oeve, nnesweaknshow 
had the signs usually observed after intracere-bral inoculation with 0.02 ml of the prototype 

• strains (2X 105 plaque-forming units) which are 
;'usually employed' to propagate dengue Viruses. 
iThis result indicated that the suckling mice 
' harbored a certain number of viruses even 
ii the signs of illness.ithough they did not show 
L.:i;The suckling mouse iS stil a g o biological 

detet the presence of the multiplying virus 
proedy. The detection system used to detect 

The presence of dengue virsens inher 

material can be the western blot followed by 
immuroenzymatic assay as reported here or, 
other sensitive test. The whole process took 9 

days t te a ter period otiecompared with other"viral Isolation andsety 
plc Identification methods. 

The presence of dengue viral antigens in liver 
tissue correlated well with the brain data. Thus, 
the presence of viral protein bands such as, 
NS3, NS5, and C proteins were similar in liver 
and brain. At the same time, plasma and spleen 

amplification system to propagate dengue vi- specimens were negative. This evidence sug­
'ruses, but one must use a sensitive method to gests that liver may be another site of dengue 
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Fig. 3-Analyses of dengue proteins from mouses brain Inoculated with sera.26 (iane 1), # 65 (lane 2),,A 67 
(lane 3), #23 (lane 4)and 4j 165 (lane 5).'Batteries of sucrose acetone extracted antigens; dengue type 
1 (1)1) Inlane 6, dengue type 2 (D2) Inlane 7, dengue type 3 (13) in lane 8, dengue type 4 (134) inlane 
9 and Japanese encephaitis virus (JE) InlaneilO. Normal mouse-brain which was used as the negative 
cIontrol was loaded ini?.ne 11. The molecular weight marker was stained with Indian ink and displayed 
at the right side for comparison. Lane 1,2 and 3demonstrated! E-protein at Mr 59 kDa, comparable to 
the E-protein Inlane 7 (D2). NS3 (Mr 71 and 67 kDa) from ianes 1,2,3,was also similar to NS3 inlane 
7. Bands in lanes 4 and 5demonstrated asimilar mobility as the bands in lane 8 which isdengue type 
3. 

virus replication. In the human, most patients We thank Dr Mi Mi Khin for her advice and 
have enlarged livers and,hepatomnegaly was also Kanchana SirisiIdhi, Ruisana. Nangnuan, Mali- 4 
found in sick Imice. The presence of viral antigen wan SwastI-Chuto,(Mar4s"KmarunnmAns ougm 
in mouse 	 prts similar situation Chandee Rabablert, Tussanee Chalyaruk andliver sugges that a 
may occur In human4 Am Chalyotha for their excellent labora­infection. 	 rn 
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ABSTRACT'
 

Antibodies against dengue viral'polypepti'des, 
in dengue infected patients, were
demonstrated by western blot and enzymeimmunoassay. Primary dengue cases 
showed
a low .titer of IgG class antibodies to envelope (E) proteins and 2 non-,\

structural proteins, NS3 and 
NS5, 
in the sera collected during a convale'scent!i
phase. Secondary dengue infected patients demonstrated at least an amount of IgG
antibodies to E proteins in the 
sera collected during an acute phase, and high
titers of IgG antibodies to many polypeptides, including the NSI,.'NS3, NS5, and
prM proteins 
in the sera collected during a convalescent phase. An early
appearance of antibodies to E, NS3, and NS5 
 can be detected within 5 days after
the onset of fever. These 3 dengue viral proteins may be applicable for further
 
use as an immunodiagnostic reagent.
 

Keywords : Dengue polypeptides, Dengue viral 
proteins, Antibodies to Dengue
polypeptides, IgG anti-dengue 
 polypeptides, Antibodies 
 to Dengue

structural and nonstructural proteins.
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.INTRODUCTION
 

The Flavivirus genus, family Flaviviridoe, consists of a group of 70 closely
related human or veterinary pathogens including the 
dengue virus. Infection
caused by dengue viruses, type I to'type 4, can result in 
a spectrum of ailments
ranging from a mild form of illness to 
a severe one such as 
dengue hemorrhagic
fever (DHF) and-dengue shock syndrome (DSS). severe
These manifestations of
dengue infections mostly occur in children and young aaults who have a secondary
infection, but cases have also been reported those with 
a primary infection (P-
DHF) in infants of less than one year old (1).,
 

The hypothesis for pathogenetic .mechanism of 
this disease invol.ves both the
quantitative and qualitative aspects of the 
immune responses within the
individual host. However many 
tests were employed to quantitate dengue
antibodies, none of them could differentiate the antibodies at the polypeptide

level.
 

We 
have used the application of polyacrylamide gel electrophoresis with sodium
dodecyl sulfate (SDS-PAGE) (2), 
 western blot (3)', and enzymeimmunoassay to
detect dengue viral polypeptides. 
This application was called Viral-antigen­strips/enzymeimmunoassay (VAS/EIA) (4).' Each viral-antigen-strip could be
employed to detect all 4 prototype strains 
of dengue polypeptides for a
comparison. This application covers the use of VAS/EIA to detect IgM and. IgG
'antibodies to dengue viruses 
in the sera of clinically and serology confir'med
dengue infected patients. The immunogenicity of each 
polypeptide , to clicit"immune responses in these 2 groups of.patients, are presented. 
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MATERIALS AND METHODS
 

Test Sera
 

Sera from 150 dengue infected 'patients were collected at Ramathibodi Hospital 
during the year of. 1987. They were then clinically graded according to WHO 
recommendations (5), ,and classified as primary (P-DHF) or secondar (S_-DHF)

usingiWinter's of.dengUe ihfeti6n u criteria (6).- Due to--rarity so many P-DHF 
cases, all, 28 cases were included in these studies, plus another randomly 
selected 30 cases from the S-DHF group for comparison. 

Western Blot and Enzymeimmunoassay for Detection of Dengue Viral Polypeptides.
 

In order to detect the IgM and IgG antibodies to dengue viral polypeptides, 8%
 
polyacrylamide gel electrpphoresis (PAGE) was used to separate dengue viral
 
proteins, then these -proteins were transferred to the surface of a
 
nitrocellulose membrane by the Western blot method. Dengue type 1 to type 4,
 
sucrose acetone extracted antigens, and a mouse brain, used as a negative

control 'were included .inone strip to compare the pattern of immune responses

for each tested sera (Viral-antigen-stHps, VAS). After incubated with the
 
specimeis to be tested, each VAS were incubated Wihperoxidase labeled anti­
human IgM or' IgG. Hydrogenperoxide was used as an- and the 3-amino-9­
ethy~carbozole (AEC) was used as a chromogen. The sensitivity and specificity

for detecting dengue proteins by these protocols were reported (4). Sera from
 
the P-DHF were diluted to 1:20 -and from the S-DHF were diluted to 1:50 before
 
being tested. The scoring of color intensities was done for comparison (7).
 

RESULTS AND DISCUSSIONS
 

Antibodies Detected in Primary Dengue Infection (P-DHF)
 

During the first 6 months of this study (July-December, 1987), endemic outbreaks
 
in Thailand enabled us to collect 28 cases of primary dengue infection from
 
Ramathibodi Hospital. There were 8 severely ill patients with a clinical grade

of III and IV. The IgM antibody to dengue is very hard to detect. Only a faint 
color band (1+), against NS3 and NS5 proteins, could be seen in a few cases. 
IgG antibodies could be dpmonstrated in!,21 subjects which accounted for 75% of 
the cases. All 7 negative cases were non-severely ill patients who had a shorter 
hospital stay,' therefore the antibody response might not have been high enough
to be detected at the time of sera collection. However from the 21 positive 
subjects, IgG antibodies could be demonstrated from the sera collected'during an 
acute phase of 3 patients. Two out of these, three cases were infants of ages 6 
and 10 months old. The first IgG antibodies were formed against the Envelope (E)
protein with the highest intensity of- a positive color towards the infected 
dengue type (3+) (Fig 1.) The second antibodies which became visible by this 
protocol was the NS3 protein. This protein is apparently composed of 2 sizes df 
molecular weight at 71,000 and 6Z,O00 daltons. The next protein to show itself 
was the NS5 at a M.W. of 97,000. This antibody could be seen prominently against 
a dengue type 1 and dengue type 3. Eventhough the isolation was successful in 
only 7 cases, the immune responses towards thc infected type of dengue viruses
 
were higher. The intensity of color was stronger and more bands were seen,
 
indicating, a higher immune response towards the homologous antigen. The
 
patterns of antibody development toward each polypeptide were similar in the
 
severely ill as well as the non-severely ill group.
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Antibodies Detected in a Secondary Dengue Infection (S-DHF).
 

As found with other serology tests, antibodies in sera collected from S-DHF
 
varies in -levels of antibody responses. Some cases had lo titers (1+), but
 
others had remarkably high (4+) titers..When the sera were diluted to 1:50,
 
seroconversion between sera collected during acute and convalescent phases
 

--could, be .clearly ..observed in all cases.. The--antibody -responses-in S-DHF were
 
.found against many polypeptides and are listed as follows
 

1. Structural proteins : Envelope (E) polypeptides at molecular weight (M.W.) of
 
59,000 daltons, Pre-matrix (prM) polypeptide at M.W. of 20,000 d ltons, and Core
 
(C)protein at a M.W. of 14,000 daltons.
 

2. The non-structural proteins : NSI at a M.W. of 45,000 daltons, NS3 at 2 M.W.
 
of 71,000 and 67,000 daltons, NS4a at a M.W. of 30,000 daltons and NS5 at a M.W.
 
of 97,000 daltons. Besides the antibodies to those mentioned polypeptides, there
 
were antibodies found against polypeptides at a M.W. of 55,000 and 50,000

daltons. These 2 proteins may be the envelope proteins with a smaller molecular
 
weight, but the monoclonal antibody against E protein found to be
was non­
reactive. Therefore, some of these,detected proteins remain to be prove in order
 
to confirm the exact type of these polypeptides. The only two confirmed
 
polypeptides are the E-protein at a M.W. of 59.000 daltons and the NSI 
at a M.W.
 
of 45,000 daltons, and then by using monoclonal antibodies specific to these 2
 
proteins (8,9). The example from S-DHF case is illustrated in Fig. 2.
 

An advantage of the VAS/EIA method is that it can quantitate as well as
 
qualitate the antibody responses towards the viral non-structural proteins as
 
well as the structural proteins. Detection of IgM antibody to dengue proteins

revealed only low titers in a fe cases. In the S-DHF, a competitive binding of
 
the IgG antibody to the same polypeptidemay have occurred and led to negative

result. In the P-DHF while a'high titer of IgM antibodies can be detected by an
 
IgM captured antibody enzyme linked immunoassay (MAC-ELISA) which was performed

simultaneously in our laboratory, the IgM antibodies to dengue polypeptide were
 
hardly detected. Only a low titer to' certain non-structural proteinsi NS3 and
 
NS5, could be seen. Therefore, the western blot may not be appropriate to detect
 
IgM antibodies. Detection of IgG antibodies to dengue proteins gave, more
 
information both quantitatively and qualitatively. Sera collected before the
 
patients left hospital were good enough to use as pair sera to observe
 
seroconversion in S-DHF (2-3 days after hospital admission). For P-DHF, pair
 
sera should be collected at least 10-15 days after hospital admission. In order
 
to observe seroconversion in both P-DHF and S-DHF, pair sera should be collected
 
between 10-15 day5 after the first blood sampling. This test can then be used
 
for diagnostic purposes, but can only' be done by trained technicians at high
 
cost. For research purposes, this test can yield detailed information at the
 
molecular level. Preliminary results indicated an early immune responses toward
 
NS3 and NS5 as well as the E proteins. These 2 non-structural protein§ must
 
therefore be good immunogens, while specific antibodies could probably be
 
raised in laboratory animals. During an acute phate, these viral proteins (E,

NS3, and NS5) are probably present to elicit an early immune response. We are
 
now preparing a specific antibody using -these,2 non-structural proteins, and
 
hope to be able to detect the viral proteins which may circulate within the
 

- plasma stream during an acute infection. Antibodies to envelope protein, which
 
appears to be the most immunogenic polypeptide, elicit the first immune response

with a long lasting activity. Antibodies to envelope protein was found in all S-

DHF sera collected during the admission period and also in every case of the
 
healthy adult population who had the antibody to dengue virus.
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ABSTRACT
 

Antibodies against dengue viral proteins were 

demonstited in sera from dengue infected patients by 

polyacrylamide gel electrophoresis, western blot, and 

enzyme imunoassay. Primary dengue cases showed low 

titers of IgG class antibbdies to envelope (E) proteins 

and 2 non-structural proteins, NS3 and NS5, in sera 

collected during convalescent phase. Secondary dengue 

infected patients always demonstrated IgG antibodies to E 

proteins in sera collected during the acute phase, and 

high titers of IgG antibodies to many other proteins, 

including NS1, NS3, NS5, and C proteins in sera 

collected during the convalescent phase. Appearance of 

antibodies to E, NS3, and NS5 could be detected within 5 

days after the onset of fever. These 3 dengue viral 

proteins and their corresponding antibodies may be 

involved in the immunopathologic mechanism underlying 

this disease. For diagnostic purposes, the non­

structural proteins such as NS3 and NS5 may be the best 

target proteins for early confirmation of the disease by 

identifying the presence of these 2 proteins. 
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INTRODUCTION
 

The Flavivirus genus, family Flaviviridae, consists 

of a group of 70 closely related human or veterinary 

-bpathogens -including dengue-viruses.- Infection-caused by 

dengue viruses, types 1 to 4, can result in a spectrum of 

disease ranging from a mild illness to the severe patterns 

of dengue hemorrhagic, fever (DHF) and dengue shock 

syndrome (DSS). The latter mostly occur in children and 

!rung adults who have a secondary infection, but cases 

have also been reported in individuals with a primary
1 

infection (P-DHF) in infants of less than one year old 

Hypotheses of pathogenetic mechanisms underlying this
 

disease involve both quantitative and qualitative aspects
 

of the immune responses within the individual host. Many 

tests have been employed to quantitate dengue antibodies, 

however none of them have differentiated the antibody
 

responses at the protein level. We have used a combination
 
2 

of polyacrylamide gel electrophoresis (SDS-PAGE) , western 
3 

,blot and enzyme inmunoassay to detect dengue viral 

proteins. This application was called viral-antigen­
4 

strips/ enzymeimmunoassay (VAS/EIA) Each viral-antigen­

strip can be employed to detect all 4 prototype strains of 

dengue proteins fdr comparison. Here we report the use of
 

VAS/EIA to detect IgM and IgG antibodies to dengue viruses 

in the sera of clinically and serologically confirmed
 

2
 



dengue infected patients. Data are presented on the
 

imunogenicity of each type of viral -protein in eliciting
 

imune responses in these 2 groups of patients.
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MATERIALS AND METHODS 

Test sera
 

Sera from 150 clinically confirmed dengue infected 

- patients were collected 'at-Rmthibdi H6sital: during the. 

year 1987, cli-ically graded according to WHO 
5 

reccmmendations , and classified as primary (P-DHF) or 

secondary (S-DHF) dengue infection using Winter' s 
6 

criteria.
 

Viruses and viral antigen 

The viruses employed in this study were dengue type 1 

(Hawaii M:199), dengue type 2 (New Guinea C), dengue type 3 

(H-87), dengue type 4 (H-241) , Japanese encephalitis 

(Nakayama) and Chikungunya. Dengue viral antigens were 

raised by virus infection in suckling mouse brain. Sucrose
 

acetone extraction of these antigens was performed as
 
7 

previously described They were titrated by
 

hemagglutination (HA) ,test, and were adjusted to have an 

HA titer of 1:1280 before use.
 

Antisera
 

Monoclonal antibodies were raised from hybridoma 

cell lines purchased from the American Type Culture 

Collection (ATCC), Washington DC., by conventional 

4
 



8,9 

methods . These monoclonal antibodies have specific 

activities toward the E-proteins of their corresponding 

dengue virus types. Peroxidase labeled antisera to h'man 

IgG and IgM were obtained from Sigma 

Serology and virology
 

Serological diagnosis of dengue ,infection was 

done by hemagglutination-inhibition test 
7 
and by isotype 

antibody capture enzyme-linked immunosorbent assay for 

specific dengue virus IgM (MAC-ELISA) and IgG (GAC-ELISA)
10,11 

antibodies . For the HI test, a micro-modification 
10
 

method was used . Sera were extracted by acetone 

before testing. Dengue viral antigen for all four 
12 

prototype 
strains of dengue type 1 to 4 , Japanese 

encephalitis (JE) and chikungunya (CHIK) were prepared 
10
 

by the sucrose acetone method
 

Viral isolation and the identification of the
 

recovered viruses were done as a courtesy by Dr. Bruce
 

Innis and Dr. Ananda Nisalak of the Armed Forces Research 

Institute of inMedical Sciences, Bangkok, and Dr. Sutee 

Yoksan, the WHO Collaborating Center for Dengue, Vaccine 

Development Bangkok. Sera collected the first hospitalon 

day were stored at -70 C until the time of assay. Sera.
 

were diluted at the ratio of 1:5 with RPMI-1640 media
 

(Gibco), and inoculated into adult mosquitos,
 

5 
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Toxorynchites splendens Monoclonal antibodies which had

A 8,9 

been prepared and analysed were employed to identify 

prototype virus strains and for identification of the
 

--. ~-------- envelope protein. 

Polyacrylanide gel ,electrophoresis,. westbrn blot and
 

enzymeinmunoassay (EI) for characterization of
 

antibodies to dengue viral proteins.
 

In order to detect the IgM and IgG antibodies to
 

dengue viral polypeptides, 8% polyacrylamide gel
 

electrophoresis (PAGE) in presence of sodium dodecyl
 

sulfate (SDS) without any reducing agent was used to
 
2 

separate dengue viral proteins , and then these separated
 

proteins were transferred to the surface of a

3 

nitrocellulose membrane by the western blot method 

Dengue type 1 to 4, sucrose acetone extracted antigens,
 

and a mouse brain as a negative control were included in 

one strip to compare the pattern 3f immune responses for 

each tested serum by EIA. The sensitivity and specificity

4 

were previously reported and the-same protocol was 

employed. Sera were diluted with PBS 1:5 (for P-DHF)
 

and 1:20 (for S-DHF) before testing. The scoring of color
 

to compare antibodies
intensities was done in order 

14
 

titers as follows : +1 for barely detected or faint pink
 

color, +2 for clearly positive reaction (sharp bands with
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pink color), +3for strongly positive (red), and +4 for
 

very strong positive reaction or dark red color.
 

-Monoclonal- antibodies (MAb) to envelope proteins- of­

dengue viruses (hybridomas 3H5-1 for dengue type 2 and 

1H10-6 for dengue type 4)were used to locate E proteins 

on nitrocellulose membranes together with molecular
 

weight markers (MW-SDS-70L and MW-SDS-200 kits, Sigma).
 

Dengue viral protein nomenclature was used according to
 
15 

Rice et al. Briefly, dengue type 2 protein with Mr 59
 

kDa or molecula; weight approximately 59,000 daltons which
 

specifically 
reacts with MAb to dengue type 2 virus was
 

called the antibody to E or envelope protein. The
 

antibody bound to the Mr 97 kDa protein was called the
 

antibody to the nonstructural protein NS5. The antibodies 

to a pair of protein bands at Mr 71 and 67 kDa were cited 

as the antibodies to NS3 protein. The antibody to the Mr 

45 kDa protein was called the antibody to NS3 protein, and 

the antibody to the Mr 16 kDa protein was called as the 

antibody to C or core protein.
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RESULTS 

Clinical observations
 

Out of 150 cases studied, 27 were confirmed as 

P-DHF. A group of 108 patients were cases of S-DHF but 

the other 15 cases could not classified be due to 

insufficient specimens or laboratory data. The 27 primary 

cases could be separated into 3 groups as follows 

1. DSS (DHF grade'III and IV) 8 cases 

2. DHF grade I and II 15 cases 

3. Classical dengue fever (DF) 4 cases
 

The 108 secondary cases were graded according to the
 

severity of illness aq follows
 

1. Grade IV- 4 cases
 

2. Grade III 45 cases
 

3. Grade II 28 cases
 

4. Grade I 19 cases
 

5. DF 8 cases
 

6.Unable to classify 4 cases
 

Viral Isolation
 

From 27 primary cases, 14 plasma samples were sent
 

for viral isolation and the viruses from 7 out of 9
 

positive cases were identified as dengue type 3. The
 

remaining 2 cases were identified as dengue type 1 and
 

8
 



type 2 respectively. From the 8 severely ill (Grade III
 

and IV) P-DHF, three dengue type 3 and one dengue type 2
 

viruses were isolated from 5 cases in which virological 

studies were done (Table 1). The high prevalence of 

dengue type 3 isolates in this series reflects the 

dominance of type 3 viruses in the epidemic in the year 
16 

1987 

From 108 S-DHF cases, 60 sera collected during the 

acute phase were sent for viral isolation and viruses
 

were isolated from 10 cases. There were 6 cases of dengue
 

type 2 ; 3 cases of dengue type 3, and only one case of 

dengue type 1 (T.ible 2). 

ELISA and HI test 

MAC-ELISA for the detection of IgM antibodies to 

dengue viruses were positive during the acute phase in all 

except one DSS/P-DHF case of severely ill P-DHF. Higher 

MAC-ELISA values were observed in convalescent phase sera 

(Table 1). On the contrary, GAC-ELISA revealed no I9G 

antibodies in sera collected during the acute phase but 

gradual rising antibody titers could be seen towards the 

convalesent phase.
 

Most S-DHF cases showed positive GAG-ELISA or HI 

titers during the acute phase, while higher titers hii the 

convalescent phase could be observed in all cases
 

(Table 2).
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Identification of dengue proteins
 

In order to identify the position of dengue virus
 

envelope proteins, MAb to dengue type 2 and type 4 
12,13 

envelope proteins were used (Fig 1). Using the 

position of the envelope protein and reference molecular 

weight markers as standards, ,,theMr of each dengue viral 

protein recognized by antibody was estimated and the 
15 

protein identified according to fthe new nomenclature.
 

The MAb to dengue type 2 revealed that E protein of dengue 

type 2 had Mr 59-60 kDa, and the MAb to E protein of 

dengue type 4 indicated that E protein of Dengue type 4 

had Mr 52-54 kDa. The differences inMr of E proteins of 

the different dengue strains inour study agreed with a 
j7
 

previous report. 

Antibodies detected in primary dengue infection 

During the first 6 months of this study (July-


December, 1987), an epidemic outbreak in Thailand enabled 

us to collect 27 cases, of primary dengue infection from 

Ramathibodi Hospital. IgM antibody to dengue was rarely, 

and inconsistently detected by VAS/EIA: only a faint color 

band (+1), against NS3 and NS5 proteins, could be seen in 

a few cases. IgG antibodies could be demonstrated in 21 
£ 

(75%) of the cases. All 7 negative cases were non-severely
 

ill patients who had a shorter hospital stay, therefore
 

the antibody response might not have been high enough to
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be detected at the time of the serum collection. Among • 

the 21 positive subjects, IgG antibodies could -be 

demonstrated in sera collected during the acute phase in 3 

- patients. Two "out-of these , - three -cases- were 'infants- -7 

aged 6 and 10 months respectively. The first IgG 

antibody was detected on day 3 of illness against the E
 

protein with the +1 score towards the infecting dengue
 

type (Fig 2; case 1 in Table 1). The antibodies which
 

next became visible by this protocol were against the NS3
 

protein. This protein is apparently composed of a,doublet
 

of Mr 71 and 67 kDa (demonstrated by rabbit polyclonal
 

antibodies to this polypeptide, data not shown). The next
 

antibody detected was against NS5 of Mr 97 kDa. This
 

antibody was prominent in D1 and D3 cases. Even though
 

virus isAation was successful inonly 7 cases, the immune
 

responses towards the infecting type of dengue virus were
 

higher than cross-reactions with other dengue serotypes.
 

The intensity of color was.stronger and a greater number
 

of positive bands could be seen, indicating a higher
 

immune response towards the homologous antigen. The
 

patterns of antibody development toward each polypeptide­

were similar inthe severely ill and the non-severely ill
 

groups.
 

Antibodies detected in a secondary denue infection 

As found with other serological tests, the levels 

of antibodies in the sera collected from S-DHF during the 

acute,.stage varied (+1 to +4). When the sera were diluted 
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• 1:50', higher intensity of positi'e bands between sera 

collected during acute and convalescent phases could be 

clearly observed in all cases. Antibodies to dengue 

proteins in 10- cases -of S-DHF" with-confirmed type of . 

infecting virus are shown in Table 2 and examples, of 2
 

cases are demonstrated in Fig 3. Antibody responses in
 

S-DHF were found against many proteins and can be
 

suniarized as follows 

1. Structural proteins : antibodies to the E protein 

of Mr 59 kDa, to the core (C)protein of Mr 16 kDa, and to 

the pre-matrix (prM) protein of Mr 23 kDa could -be 

detected but antibodies to the matrix (M)protein of Mr 

8.5 kDa could only be seen in a few cases when high scores
 

of antibodies to other proteins were observed.
 

2. Non-structural proteins : The antibodies to NS1 of
 

Mr 45 kDa, NS3 of Mr 71 and 67 kfa, and NS5 of Mr 97 kDa
 

,could be observed.
 

Placing all 4 types of dengue viruses in the row in 

one strip as shown in Fig 3 (Lane 1,2,3, and 4), the 

molecular weight of E-protein from each dengue type moved 

differently. E-protein of dengue type 1 :as at Mr 60-61 

kDa, while the E protein of dengue type 2 was at Mr 59-60, 

of dengue type 3 was at Mr 54-56, and of dengue type 4 was
 

at Mr 52-54. In addition, antibodies to tho smaller
 

molecular weight proteins for example in case !\.of dengue
 

type 2 were found against at Mr 55 and 50 kDa. These two
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additional proteins are probably the envelope proteins of 

smaller molecular weight, but the MAb against E protein 

did not react with these two bands. Exact identification 

of some of these detected proteins, especially the C 

protein of Mr 16 kDa and the prM protein of Mr 23 kDa, 

remains to be confirmed by specific antibody which was not 
available at the time of this study. This confirmation is 

needed because of the molecular weight similarity of NS4a 

and NS4b to the C and prM proteins. Monoclonal antibody to 

the NS1 protein used in a separate experiment in our 

laboratory confirmed that the protein with Mr 45 kDa was 

NS1.
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DISCUSSION
 

An advantage of the combination of PAGE, western
 

blot, and enzymeimmunoassay for the characterization of 

antibodies to dengue polypeptides is that it can 

quantitate as well as qualitate the antibody responses 

towards the viral non-structural proteins as well as the
 

structural proteins. Detection of IgM antibody to dengue 

proteins revealed only low titers in a few cases. In
 

S-DHF, competitive binding of the IgG antibody to the same 

polypeptide may have occurred and led to a negative 

result. However, in P-DHF while a high titer of IgM 

antibodies could be detected by MAC-ELISA IgM antibodies 

to dengue polypeptides were still hardly detected. Only 

low titers to certain non-structural proteins, NS3 and 

NS5, could be seen. Therefore, this test may not be 

:appropriate to detect IgM antibodies. 

Detection of IgG antibodies to dengue proteins gave 

more information both quantitatively and qualitatively. 

Sera collected before the patients left the hospital were 

good enough to use as paired sera to observe 

seroconversion in S-DHF (2-3 days after hospital 

admission). However, another serum sample should be 

collected at least 10-15 days after hospital admission for 

laboratory confirmation. This test actually can be used 

for diagnostic purposes, but can only be done by trained 

technicians and it is also costly to perform. For research 

purposes, this test can yield detailed information at the
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molecular level, and this -information is important 

concerning possible involvement of antibody to each 

protein in pathogenesis of the severe syndrome. 

.Preliinary~result i-ndicated-that immune-responses toward.. 

NS3 and NS5 could bb observed as early as the immune 

response toward E protein. These 2 non-structural proteins 

evidently have good immunogenic properties. During the 

acute phase, these viral proteins (E, NS3, and NS5) must 

be expressed since they elicit an early immune response. E 

protein, which appears tp be the most immunogenic 

polypeptide, elicits the first immune response in primary
 

infection with the longest lasting activity. In S-DHF,
 

.,antibody to E protein was always demonstrated in sera
 

collected during the acute stage of illness. Since dengue
 

shock syndrome has been postulated to be induced by
 

antibody molecules which complex with specific; dengue
 

viral protein(s), the quantitation and qualitation of E­

protein and its antibody should be done, since it may
 

contribute to the severe form of illness by such a
 

mechanisn. Studies along these lines may lead to a better
 

understanding of the pathogenesis of this disease.
 

An other important finding is the early and strong
 

imiune response to NS3 and NS5 proteins. These 2 proteins
 

may be good as target proteins to be detected by specific
 

antibody for rapid diagnosis, since we observed their
 

corresponding antibodies appeared rapidly in the course of
 

the natural infection. With a sensitive method, the
 

___________: , + : . +, I • •i+ + 
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chance to detect and quantitate these 2 antigens with 

their specific antibodies appears to be good, and could 

provide the basis for development of an improved rapid 

diagnostic assay.
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LEGENDS FOR T1E~ ILLUSTRATION
 

Fig 1. 	A. Monoclonal antibody from 1 H5-1hybridoma reacts 

with E-protein, of dengue type 2 in lane 2 (Mr 59 

kDa). B. Monoclonal antibody from 1H10-6 hybridoma 

E-protein of dengue type 4"in lane 4 (Mr 52-54 

kDa). 

Fig 2.	Antibodies, to dengue proteins in the sera of P-


DHF. A. Antibody (acute sera)lto E protein (+1 for
 

D2, and 	+1 with more pale band for D3) was found on
 

the third day of the illness (Lane 2 and 3). B.
 

Antibodies (convalescent sera) were demonstrated on
 

day 13 	against E-protein (Mr 59 kDa), NS3 (Mr 71
 

and 67 	kDa) and NS5 (Mr 97 kDa) (Lane 2). Dengue
 

type 	2 virus was isolated from this patient serum 

collected during the acute phase of illness
 

(patient #1on Table 1).
 

Fig 3.	The antibody responses in 2 cases of S-DHF. A.
 

Case 1: Low titers of antibodies in acute phase
 

(left) compared to the higher titers in the 2nd
 

specimen (middle) and convalescent phase (far
 

right). B. Case 2: High titers of antibodies were
 

found 	in the acute phase (left side) and in the
 

convalescent phase (right side). This case is the
 

7 years old boy listed in Table 2 (fourth patient).
 

Dengue type 2 virus was isolated from sera
 

collected on day 4.
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PSTC Research Prepropcsal FY 1991 	 ­

1. 	Project Title :,,,Developen.t and application of a rapid, accurate, and sensitiv&
 
test for dengue viral infection.
 

2. 	PSTC research module_________,,___r j. 
Biotechnologywllrruology (Mo'dule_ 1.)
 

'3. Invest igators " A
 
1. 	 Vina Churdboonchart, Ph.D. '(Pathobiology); Principal investigator 
2. 	 Rungtiva Kongkananda DVM, M.Sc. 
3. 	Kanchana Sirisidhi, B.Sc. 
4. 	Amphorn Chaiyotha, B.Sc.. 
5. 	 Maliwan Sawatichuto, B.Sc.
 

Dept of Pathobiology, Faculty of Science
 
Mahidol University, Rama VI, Bangkok 10400
 
Thailand
 

Tel: 2450752, 2461379, 2461358-74 Ext. 327,328
 
4. 	 Project objective 

To employ immunological and biochemical technologies to deti.ect dengue viral 
antigen and genome. 

5. 	 Project duration : 4 Years 
Starting date : Jan 1992 or as soon as possible
 

6 Research rationale and workplan:
 
6.A.Scientific Antecedents 

Dengue infection is caused by 4 distinct types of dengue viruses, type 1 
to type 4, which belong to the Togaviridae family, and flavi-Airus genus (1). 

anIt is known that a primary infection of one type will .not protect 
individual against other types. On top' of that, the pre-existing antibody has 
been considered as a risk factor for the development of hemorrhage and shock 
syndrome. However, shock syndrome may occur in both primary (P-DHF) and secondary 
dengue (S-DHF) infection with higher frequency rate in S-DHF (2, 3). Since most of 
the 	'Thai adult population possesses dengue antibodies without realizing it, 
dengue infections in certain people may not lead to any noticeable symptoms. 

Dengue viruses are enveloped, RNA viruses, in the flavivirus group. 
Altogether there are 4 diffe:ent types of dengue-viruses and within each virus 
type there are sub-type variation which were clearly demonstrated by its nucleic 
acid sequences (4). Antigenicities of dencue viruses are closely related and 
display a closer relationship among them than the other viruses in the same sub­
group as demonstrated by "hemaggutination inhibition test (HI) (5), or other 
serological tests (6,7,8). , 

Dengue viruses have at least 3 structural proteins (E, M,and C) and 5 non­
structural proteins (NS1, NS2, NS3, NS4, and NS5) (9). With the western blot and 
emzymeimunoassay (10), we found that sodium dodecyl sulfate solubilizpd dengue 

can 	be used to detect circulating ants".',,dies toantigens without a reducing agent 
dengue proteins.. Human hyperimnune sera have strong activities toward many virai 
proteins; E, PrM, C, NS1, NS2, NS3, NS4, and NS5. When 2-mercaptoethanol was used as 
a reducing agent, the antibodies towards protein at Mr of 85,000 or the dimeric 
form of NS1 can be demonstrated. 

In P-DHF, IgG class antibodies were found reacting to E, NS3, and NS5 in 
sera collected during the convalescent phase. Secondary infected patients wh, 
.possessed existing antibodies in acute sera, showed a higher immune responses 
toward every polypeptides in the convalescent phase (11), E, NS3 and NS5 proteins 
ma,y serve as a marker proteins to develop a diagnostic test, since -.he 
antibodies against these proteins appeared early in natural infections and the 
In ibody to NS3 protein showing type specificity (12). 



The! nucleotide sequences of dengue type 1 (13), dengue type 2 (14), and
 
dengue type 4 (15) are partly or almost completely available. Nucleic acid probes
 
were developed and employed to detect viral gene in blood sample (16), and later the.
 
Polymerase chain, reaction (PCR), an in vitro gene aplification, was applied to
 
identify dengue serotypes (17). Detection of dengue viral gene in patients'

specimens is promissing by this technique, however field trial should be done in
-,order.to.search for the replication site,:duration of...viremia,.. type and-subtype-of 
the viruses associate with thp severity of diseases in man.
 
B. Research rationale
 

Dengue hemorrhagic fever/dengue shock syndrome as one of a major problem of
 
public health causes epidemics in many parts of the world with findings of new
 
variants and serotypes. Rapid and sensitive characterization of the virus is needed
 
to understand the epidemiology and molecular aspects of the disease. Our laboratory

is well equipped to detect viral genome in various type of specimens and capable to
 
use immunochemical methods to detect and characterize dengue antibodies. There is
 
also a possibilily to detect and characterized dengue antigens in our laboratory.

All mentioned studies can be done with the same specimens, and the results may lead
 
to be better understanding of the pathogenesis of the severe syndrome occur in
 
certain population, and may be usefulfor diagnostic as well.
 
6.B. 	Workplan
 
a. Preparation and collection of infected dengue virion
 
a.1 	 infected cell culture e.g. mosquito cell line C6/36, or Monkey kidney cell line 

(MK2) (duration : 3 months)
a.2 	 infected animal e.g. suckling mouse (duration : 3 months)

a.3 	 collection of specimens from dengue infected patients

b. Extraction of denguoe viral genome (duration 3 months)

b.1 	extraction from aqueous type specimens (sera, plasma)

b.2 	extraction from tissue type specimens (liver, brain, spleen, lymph nodes)
 
c. Preparation of primers and antisera
 
c.1 	preparation of primers (.3 months)

c.2 preparation of specific antisera with the viral proteins prepared by genetic
 

engineering (2 years)

d. Detection of dengue genome by polymerase chain reaction (PCR)

d.1 	in infected cell lines (3 months)
 
d.2 	in infected animals (6months)

d.3 	in patients specimens (3year)

e.Detection of circulating dengue viral antigens by rapid, sensitive and laboratory­
free technique such as the use of monoclonal antibody coated on red blood cells for
 
rapid detection or other technique .available during the next 3 years. (3years)
 

expensive, and the yield is also low. 


f.Evaluation of the presence of viral' genomes, viral proteins, and antibodies in 
patients' sera. 

7. Innovation 
7.1.The viral isolation technique for dengue viruses are time consuming, and 

In situ hybridization is not so sensitive
 
and probably due to the minute presence of the viral gene in detected specimens.
 
At the same time, many pyrexia of unknown origin (PUO) patients were overlooked
 
or lack of confirmation. Therefore, the methods for accurate diagnosis 
using
 
single specimens is needed.
 

7.2.With the sensitive methods, the presence of dengue viral genomes and antigens
 
may be revealed. Complete study indicate duration, site, quantity and type of
 
virion, are needed in order to set an accurate program for laboratory
 
confirmation.
 

8. The disease has tendency to spread to other countries besides those in the
 
tropical areas of South-east Asia and Western Pacific region. The countries in
 
tropical area in Africa and America were also at risk.
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9. 	 Collaborative arrangements can be arranged with 
1. Dr. Leon Rosen, M.D.,.br. P.H., Director, Arbovirus Program, Pacific Biorndcal
 

Research .:-Center, -University .of-Hawaii-.,--Leahi- Hospitalj- 3675- Kilauea -.- --

Honolul'i, Hawaii 96816, U.S.A. 
Dr. Rosen has a collection of dengue viruses and patients sera which can be 
shipped for our collaborative study. He is a well known virologist in dengue 
field.
 

2. 	 Dr.' Robert E. Shope, Yale Arbovirus Research Unit, Department of Epidemiology
and Public Health, Yale University School of Medicine, 60 Collage street, 
P.O.Box 3333, New Haven CT 06510-8034 

10. 	Budget (US$144,000.00) 4 years . 
Item Year 1 Year._ Year 3 Year 4 
Salaries 12,000 12,000 12,000 6,000 
Equipment/Materials 41,000 12,000 12,000 6,000 
(C02 incubator, Electrophoretic 
apparatus Tissue homogenizer,
Reagents and materials etc)
 
Travel 5,000 5,000 -

Training
 
Overhead 	 .... 
Other cost (bookeeping, local 6,000 6,000 6,000 3,000
 
transportation, postage, secretarial
 
works, photo, copying, text books etc)
 

Total 64,000 35,000 30,000 15,000
 
Grand total $144,000
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