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Introducti on 

Dengue infection is caused by four distinct types of 

dengue virunes. Cl inica] manifestations of infection range 

from inappnr.nt: in fection and classi(a] dengue fever to 

dngue hemorrhagic fever (IDuF) and dengue shock syndrome 

-SS). Classic al dengue fever is a mild form of the
 

disease 
 and c har etcr i zed by sudden onset of fever, 

h1eatdac h1 , I ,mp ( tdp mya Ig andI);tIy as petichial 

hemno-1'hr O m0ulo'11iopapullr rash. Htemo rrhagi Fever or 

.hok are severe-disease mani fes;tat ions tha.l may be Fatal, 

cv, when, treamf'nt in g ivyen (1) These severe forms of 

disease War! high
ui lh fov ,r' but., progress to nausea, 

vomittinmg, abdominal pain, hepatosplenomegaly, epistaxis, 

hems temes is, mel-na, and pet ichial hemorrhage. Shock 

usually occurs fr)om day 5 to 
day 7 after the onset of
 

fever. 

At least 2 hypotheses For the pathogenesis of DHIF/DSS 

have beenm pr'opos ed. The f irs t hypotheses (dengue virus 

vi rul eniee ) sLat that t ofes di r e',,en . ptrai ns dengue 

viruses of all. fomur' serotypes possess varying degrees of 

virulence and vary in their pathogenic potent, ial (2). The 

second h,pothes is slates Lha t. the svverity shockof 


ocrur-ing 
 in this disease is due to an immunopathologic 

mechan i va'aused by a second, he terol ypi - type, dengue 

infect.ion. Timing of the second infection is also pr-ol)osed 

to be crit i cal in the causation of this immunologi.cal-

I
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consequence (3). This later' hypothesis is called the 

second inf.ection hypobthesis. 

The posslbiii l ty that imrrunopathological processes are 

the fnaeehr rid, etrmi n i ng the severi ty of c I in i cal 

ma r; ife st at i.(s suggp h ed by hme f ind g that mosti n 

DHF/DSS ar'e soenni a ry, hmL -rologus dengue virus infection
 

(3,.4,5). nbser'vat ini n 
 ' tlite nn st i ant ibody responses 

w,'i th high Ponnfmir., ntins of [gG ant ilbody in sera of 

patients duping Mi 'r ;ameuLth nph11)1)e sLu t this bypothesis 

(6) . Bvpus' there is evidence that in feet lns virus and 

nntihndi,-s; ore presemi h the time,L atl.h¢, same anl igen-antihcody 

compi O,:,-n hW\e been posiula td to exist in dengue 

hemmom'rh'bt:gi , f'ever (5,7) . Pat.ir s m .him DSS have .1ow tevc ls 

of ,omp(me n. C"., -P and factor B, suggesting that,
• .1 

Oo mplmpnt onusumplin C'curs vivoic in via both classical 

and alt.rnal i,- pathwa\. (7,8,9,10) . The levels of 

depressino ni,-,f complement correlate wi th seve'i ty of 

disease and the doplotion of complemenI is not due to 

extravasrition (8). The oomplemunt Ponumpti on parallels 

sign s which occurs in dengue h emorrhai c f'eve r but not in. 

ditengue fever'. Th . i gns are an ncrease of vascular 

permeab l ity, an dc'r,,as-, in p]asma volume, hypotension, 

t rom tl.n , and a omr"or'hag i. K i:tLhesi s. Theseo ytop i a 

symptoms have r'ap id onset, and are shot'tlasting, and thus 

must he a Ponsequence of rapidly reversi b e 

pathophysi,4) ogi c p;' oeo se5. Histopa t1ho og i ca I vascular 

tlesions ar'e no found which suggested that the r'ole of' 

active mnciiialors is imporLtant for gener'ation of increased 
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C 

vascular permeability (10, 11).These circumstances lead to 

a hypotho.ii si s that an acLivat:ion of t:he co'pl ment system 

yielding the forination of anaphylatoxi u, C and 

3A- 5aen(han, e .h<.
t -hn . syli r (8).,me Evidenc'e of di sseminated 

intrava, ularI n agul ation (DP ); low pl {ii ,1 eL cou Lt9, 

reduc<'ed fibrinog,on le-, .s, presence of fibrin degra'lation 

products (FDP) and r'eOliei) tlaigemann Factor, have been 

observed (8). Th,ese phenomena plpea r in the mild forms and 

are increas ingl y p',esrnt in s\.re ferms, suggesting their 

pr'imary rain' in the wh(k syndirome. Th changeR in both 

c'omp liemient :iIl "l areand Ling sstipms well col'related with 

the sev riL.. in case.s of DIIF/I)2S (8). Since compl ement 

culd inii Ji.e Woo1d coagul at. ion through p] atelets,
 

Obse r'ved 11 C may he a consequence of i.t ravascu] ar
 

omlo'ip "men anct.iva Lions.
I Plasma enzmnc inhibitor.s may be 

depleted due to the activation of pr'ote] ytic enzsymes from 

the complement , coagulation, and possib] y the kinin 

sys,t em. An .imha1l: ' tehet,weeii ac t i vated enzymes and 

i nh ihi i nrs; may p'odutc<e AN i nc'eae of-; vascular 

pernnabi l i ty and load o developnnt of a shock tat e. 

Tho role of' the immuineu reslonse (at sub-neutralizsing 

lo-ve]) in enhanciig de1g nge virus i nfecti on is suggested to 

be a major ,l,.er'min nan - of he deve] opmentl of' hemorrhage 

and shook (12;. -n rn Vitro ex:pe r' inent., antibodies act. 

th o'igti the F'-iaili ileI(.rd ili('ehani ill Ii clhance inrfeepl, in and
 

vir's 
 yield lrom human m o 2,I clt rIe. Experimert in 

ani.ma, passive an ilhd y at su tnu trL'a. izing level causes 

3
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higher' 1evols of virem ia in rhesus monkeys. Shock in 

inf'ant.s is ostulaLed to be due to materna. antibody in 

the si milar mannn,. Fvn though there are data that 

denguc vvi .uss n n:aUs, pi, liflry hemniorrhag fever, l;here 

is moe' CV id(len ce HU ingsupo'ir the Ii0po1ta c. of secondary 

ant ib dy-mi,1 iat i o nih reenLi t., These antibod i ,escome from 

infc Lion wi l her dengue serotypes n- Prom passi vely 

tIransafr',r id n i bd i P,.-. ma,l erna] anLi body. Thereby a 

hosLt-vi i'm-s inter action dopientdenL on the humoral immune 

response seems Lo be very much tied Lo the severity of 

this disease. 

4
 



Obj ec t i ves 

To investigate our general hypothesis that more 

severe forms of" dengue infection have an 

i.mmunopathogenes i., up propose t-: 

1. Co mpl e t.ely desc I.i he 1he pattern of antigen 

reactivi ty of" auLie and (anvna ,.scent sera from patients
 

with alll ciliical 
 dengroes of dng90e infection, i.e.
 

asymptLomrnnt i w 
 (sube I i ni 'a] ) , dengue Fever, dengue 

heor'rhagi c fever and dcngio shock syndrome. Additionally, 

eth hultirAoa riesponse to at nn pald dengue viri-us infeption
 

(vaccine 
 vol. onnto ,is) :il 1 he simi].1 lap d,- scribed. 

2. Compl,,tely desppi he, using coilect.ions of serial
 

sera or pl a.ma from paV. int 
 wiih we, l-characterized
 

clinical denigue syndpn ,,, 
 I he type, the quantity and 

kinetics of ceirul atinrg dengue ant igens. 

3. On the hasis ora theme data, identify a viral 

antigen or anti--v ir al peptide antihody whose presence or 

absence is high y associa ted with the orpurrenee of severe 

symptoms. 

1. Pua'i fry deng e vira] po]ypeptide (sI using 

preparer, iye gel electmrophoresis and/or Fast protein liquid 

chromalogrmaphy (FPIC) system and further reduce the 

pept ide chMin to fr-agiment.s by i ther enzymes or chemicals. 

5. Detimi'min hi gi- ,I properties of the purified 

proLeins, j .0, immung n ic property, protective inducing 

and compi U elnri at i vat, i an all 1 i ly. 

.9
 



6. Develop:, a rapid, simple but sensitive laboratory 

test, based on tle oonc] usi on above ( #3 ) to prospectively 

s l cot from thm ,nl I i re ".t or frj I , eli l~cfd ,, those 

li]elyko 1rt-c p(rg g o a s(vor e form of d(-ngu i., ,t ion. 

Su'i a tJ.s) , in a I 1 I i I i hoolho , ,i I I recli re the 

preparapive pr fi c:a ion of a hi r1ogi()a I y anti ve dengue 

i)epti i de o 1, )'p t i d, f'I'agmen fo . u,se i (:hr as a test 

al igen or to prod'iet, in an nima Is, a di.agnostic antibody 

1'eagc il.. 



Materials 	 and Methods 

[,. Pr'epara t,ion of doinigue vi ral anti gen 

A. 1 . n)n t' i nlna syst ems for dengue viral antigen 

p repn Sin t 1 on 

A.l.a. 
 in f'oi,1tvd 	 surkli-g mouse brain suspension 

A. .b. 	 i n fetted ] I cu] L-,rues such as infected 

inlos(IO i o ceI 1( (G/ 36) or Rhesus monkey kidney 

cc]l I( 1,1C-Nb2) 

A.2. New app)ia'',1e. 

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

peptide fragmen ts. 

A.2.a.1. 	 Proprial ie gel eleetrophoresis to isolate 

vi r'a] proteins . 

A.2.a.2. West ern Pot ting.
 

A.2.3-.3. Prot eoDyt, (igestion 
 and chemical cleavage 

Io i den 1't) y i mmunogen i c pept ides f 'om 

in ere.stio{ protei~ns e.g. NV3 etc. 

B. Character i.zo.t mi (f ,,-opared dengue antigl, 

B.I. by 	 1)oly 'IrYl'!Inii (Ie ,gl ( 'l, rophores is 

B.2. Virannl igon tivi.ts/Vnzvnimmuno assay (VAS/EIA) 

B .3, by 	 is'innnoArrplres 

C. Prepara 	Lion orf ;mnt i -- iengiie p' 

C. I . anti Ic dy ra isd, in rabbits using different 

o , v, 1)i., I,. fo - t i genII.oI 	 "e .-s perparation as
 

men I oned 	 i i A . I . as i mmunogens 

.7 



C.2. trial 
 using each dengue viral polypeptide or its 

fragme- s f'rom A. 2 as an immu nogent 

C.3. human hypvr'immune SeUM collected from dengue 

hemorrhgi o,ver (DuIF) patients during acute and 

Qonv\] ( 1 Q xwa.;
 

C .4I. monln A anIm1~t ibod y (Mnh)l 

D. 	 Characterization of' pr'epa'red a~nti-dengue scra 

D.1. by Viral ant ,gcn strips/Enzym immunoassay (VAS/EIA) 

D.2. by Crossed inmunnoel-ot r plhor'esis 

F. 	Col -,eel ud
vion C nrirn'ivnt.i, (; DIlF and NON-DHIF cases 
by 

avO 1ai ad i a )0st.i(- Los ts 

E.1. lhfm gl ut iralinH Itnhibition test 

11.2. Viri ima solaotion 

F.33. Crossed Immunoelectropho:resis 

R.I. VAS/LI \ lest, 

F. 	Detect i on ,"r i.reulat i ng dengue viral antigen (S), 

nnti hodions and complement split, products 

F. 	1. patientsi 

- Classical dengue fever patients
 

- DHF/DSS pat ients
 

- paLtients of oiher infections diseases
 

F.2. hea.ithy ind ividual 

- adult~s (series of tests if possible) 

- children (in series if possible) 

- cord bood P'or maternal antibody survey 

- Vaccine ti.a. vo lunt:eer s. 

8
 



G. Determine hi ologic i nteraetion of polypeptides and 

polypeptide fragmentLs 

G.I. immul og4C Iic prop( rL y anOd protiec live ability 

G.1.a. Inmuniz' Nh titI to ele ci t inn i body 

V.1.h. Tn Vin l.wwt for protcetive ability using 

simple m1100sf' model o rabbit, model.. 

G.i.e. Tn Vii ro tcst using monocyte e"ultLure with 

immuno cy I hi ,tsry tes. to determine rate of 

infect vity by 'oUnting infpcL, e!Cels 

G.2. C mpl] jnu Iii ,I. a i o n catai I ]i.Lty 

G.2.a. In Vilro Lest sirgn crossed i mmunoe]ectrophoresis 

Iest for deter'mining compl ement split products. 

H1. Data collecL ion and analy sis 

9
 



Progress .ice last report 

A. preparation of dengue viral antigen
 

A.1, Preparation for dengue viral antigen 	by existing 

meLhods were done and tQe antigen were characterized. Wi th 

the is Led mIlmethods For characteri zat.on (Section 

B/Mat.eri. as ind Methods), we sel-ted the first protocol 

us i.ng suckl i ni : omg Lc prcjat r, our anti igen ( sucrose 

acetone extrN' L.d ant iger, SAE) dengue viral antigen(s) 

after M.olt in.g hiil, surface or. niLtroce]lulose membrane is 

still 
 reLai aig he i mmunogen ic reactivity and reacted 

wi Lh I be spec i fi't' dengue an sera ill] uding the monoclonal 

ant ibody, rabbiLt. sera, and hyperimmun human ser (1.3). 

SAE toLl. ig en w s al so used is the starting material Lo 

pill'u. [ each awd oli-sLruetural 

ei ther the hir,,mnal, .grphic or electrophoretic system. 

u( tolr i 	 proteins by 

A.2. New app rehes to purify dengue viral polypeptides 

and 	 pol.ypepi.i, hfragments 

Three approaches ap'e being made for this purpose. 

The prep.pati v. gel eletrophoretic system is not 

funct.i oned as ox petp:.od. The first reason may be due to the 

fact that 
maot dengue viral polypept ides are sensitive to 

2-mercapt0)Lanol (2 ME) and 	 this reagent is neccessary. 

Second 	 reason due to the 	 flow rate which can not be 

adjusLed to allo: enonrgh proltein separation. We observed 

i rregular pa tterns of p; tain migration and a non­

reprodurible r-sul. I.s 

10 

http:petp:.od


With c'ossOed immunoelectrophoresis, the envelope 

protein (E) Ls the best protein to work with this method. 

Few other unident:i fitd proteis be obtained as well.ean 


(Fig 1), ;rd 
 they aro Jiew be ing studi ed in our unit. 

The co 11 n: 1-, Ch i:'oma Log raplhy offers the most 

promissing res;ul Ls. (e filtration system, using superose 

6 IIR 10/20 :,Iumn Aith MW range 5,000-500,000 da]tons from 

Pharmac i a (S.ed:..i), rvealed 6 interesting peaks (Fig 2). 

These pea h a r'o (aI,,1cted for further purification. 

B. CharaeLe r za oI of p'epared dengue ant igen 

((; we 

in addi.Li on, we are now establisohing the enzyme-linked 

.immunonassiheri. 

All lpropo me thods- acre ,st: ablished and being used. 

nasav (ELISA) by collaborateion with 

D'. Brio Ino i . and Dr'. 	 Anandra Nisalak from AFRI.MS,
 

(Bangkok) . The test it.soc!" are now functioned, and the 

AFRTMS'.s authorities will ass ist for standardization and
 

interprPe t on pal sine this test for dengue virus 

sy s temI was esi, :ahl i s: d by them. 

C. Preparat ion aolor "i-,langor sera 

C. 	 1. Rabbi t akti-d.ngue sera 

Rabhi Itv were immunized with dengue type 1 to 

type 4, Japanese B encepha].i tis (JEV) and Chilkungunya. 

Specific antisera to Japanese B encephal.itis and 

Chik ingunya v i ruses are the f irs two ;hat can be 

obtained. An shown in Fig 3, rabbit antisera to JEV 

reacted with at; least 5 po1 ypepti des of Japanese B
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encepha 1 I.is and ant, i -chi kungunya react with one 

chikungunya polypeptide. Dengue type 1 to type I were 

demo0str'at,cd in Fig 4. 'Phesc- polyclonan, antibodies react,ed 

well with homologous ngen, Cross reaction amongthei r nnti 


dengu: sprotyps my~ius h- usbd. Dengue type 
 2 antisera
 

hay very litle. rrera' sed rnenti vily 
and we hope t~o have the 

speci fic rpct ior from dengue type 2 antisera i.n a very 

near fulture 

C.2 . Dengue viral polypept.i d-i or i ts fragments are 

still not. available to use as imininogen 

C. 3. Human h lr immuno sera were col lected and 

retrospectively i ve,-;t igated. 

1C7..1 .Monocl1onal 11n.i hod y ( Mob1 

The resilt ; using mono, lnal rntihody with VAS/ETA 

I:est for both chur'neLtri ;:ntion and identification were 

shown in Fig 5 . Wi h our modified sysLem, we can 

demons ra., o monnoc1onal an;ihbdy gpoi f ie'i ty toward dengue 

viral plyppt iden. The anti body to en r' Iope protein can 

he clearly soeen. We hope to reeeiv\e anti.sera to NS1 or Lo 

n t:her nnn-st,r'uctural protei ns to test, for tl'ei r 

specif'iYites as well. This an Le done by collnboration 

with Dr. Joel M. Dof r'tympl of UhI S Army Meli cal Research 

ns;t i l.ta, of Infectio s Diseases whom hns done many works 

for preparation of monor'Itna] anl i.sepna. 

D. Characterizat ion of prupa r',d ant i-dengue sira 

Both methods, VAS/EIA and Crossed immumoelectro­

phores is were established. The characterization are 

12
 



being done together with other techniques such as the 

hemagglut.ination inhibition (H1T) test, and ELISA test. 

E. 	 and F. S t ud i es wi th pa t i en .P ' spec imens 

From July 1187 to December 1987 we were able to collect 

at lea. r 150 cases of' clinically suggested Dengue 

Iemorrhagic Fever (DHIF) and Dengue Fever (DF) Outcases. 

of this, 21 cases were eonfirmed by ill arid ELISA tests to 

be :he p~r'imary cases whom has n-vor been infected before 

wi. h dengu- vi ruses . tludles for comp]lemenl system by our 

repoi tid protocol (141, 15) and the plafelet, system in 

pr m.ma ceases id incated tha t i.n severely i.l cases, 

grade Ill and IV, both systems were activated regardless 

of the age oF tlie pa iont s (Fig 6). Both TI and ELISA 

tests I'evealed iegaLi ve aiti-dengu, activi ty indicated 

that the shck syndlrome can ,opur in absete of the 'qengue 

antibody. The report for this finding is under 

preparat. i on. 

FPrthep study to separat.e human .immunoglobulin G 

and M ( lgG and TgM) was done us i ng our own protocol, 

Prel1iminary results apre demonstrated in Fig 7 using PAGE 

and We st e rn blot, we can identif.y IgG apd 1gM peaks which 

was Plutd from None -Q column (anion exchange chrorlato 

graphy). The IgG anad r gl fin.g tions weri'e sent to AFRIMS 

again Qe Lest for their dengue spec.ifi cati. bodies. The 

protoeol for spa ration wi l.] he reported in a separate 

manuncripl. 
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Remarks 

We are now preparing 4 manuscripts. The first report; 

describes how to produce rabbi t anti-dengue sera from 

immunopr-,ipitin hands. Second report ,i .1I ,e the protocal 

for .ela rati oni of human immnng 1obul in G and 

immun g.lobul in M by chroma I ograph3 and its app] i cati on 

with t:, Wo-. ,orn bloL analysis. The third report will 

cover he findt!ings in pr."imary infected cases emphasizing 

UPn eomi]ement sys temn and antibodies. The fou rth one 

i n\'olves L.P, ident if icatIon of dengue polypeptides by 

monoclonal ant ibody and howt to use VAS/EIA to charact1erize 

spec I f i.c ant ibody activity towards dengue viral 

polypepkides. 
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Workplan for the next period 

Collection of specimens from clinically suspected 

patienL s wil] he continued be-ausc during this period, 

from July. to Spllember, often seo moe cases of Dngue[ we 

Hemor'rhagic IFever. 

Sen.i.tive and Pelinl , enc-.hod wi 1 hbe sonrchad for to 

deteet thre 'ir-'oulating dengue viral antigen besides the 

viral isolation and t e1'.I]'r('IP imu~ce levi ropheresis. 

Besides "ent-. i nuatien flor(If" t-P.3 works, mnnusripts 

will be prepared. Co1 lrbmna'i n with other Inhoratory in 

order to obtin ,,nocl0C al with specific' activity to 

single poly Peptide shall he made. A trip .o Washington 

D.C to visit Dr. .el 1 I. rymple is expected for this 

\'enture. 
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Fig 1. 	 Crossed immunoelectrophoresis of PAGE separated 

dengue type-2 viral withantigen agarose 

cont aUini rig human hyper'immuLe sera. The second 

peak 'r m I ef t i d(e is 1)robably the precipi tin 

complexes be Lween envelope (E) protein and its
 

specific 	 ant i ody. 
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Fig 2. 	 Result firom chromatographic separation of dengue
 

type 2 viral antigen using 6 HR 10/30 column with
 

FPLC (Fast protein liquid chromatography) system. 

At least 6 protein peaks can be collected in
 

separate 	 container al lowing further separation 

by other 	type of chromatography system.
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Fig 3. A. VASIE.[A result showing specific antigen-antibody 

react ion between ch ikungunya and rabbit anti­

c2hi ktulngunya sora? 
 . B]. Japanese B encepha]litis 

antigen and rabbit anti-JEV sera speci fica]ly 
bound Io each other on the last lane leaving 

sprtdprot.eins 
from dengue type I to type 4, 

(Lane 1-4) normal mouse brain, (Lane 5) and JEV 

antigen free yielding negative VAS/EIA results 
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Fig 4. These are tLe resIl ts cn f'irming anti-dengue 

viral an I gen in rabbit; sera. Cross ed reaction 

among typs c aI he s en . Fr example in section 

4 . A r'a bbi) i I " "mmIn i1A :edeh ';enguI vi rus Ltype 1 

(D1)I tlo i g -.IIt i 'o PAG s(1. lt ed protein 

of dengue Iype 2 ([2) type 3 (D3) and type 4 (D4) 
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Fig 5. Monoclonal antibody demlonstrate antibody 

speci f ica1ly reacted i'th envelope protein 

(E, 59,000 daltons). Some of them, DI-4G2-4-15 

(5.A.) and the antibody classified as group 

reactive Flavivirus (5.D.) also showed antibody 

fo a higher molecular weight protein (of M.W. 

approx. >120.000 daitons) 
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Fig 6. Comp-lement (C3) and Complement- split products
 

(C3sp) in eases of primary dengue hemorrhapic 

fever (P-DHF) . Profile of C3/C3sp in sera 

collected dui-ing acut.e and convalencent phase 

we'Cre compa red case by case as they demonstrated 

here in each row (a, b, c, d and e). a, b and c 

are lr.()i nfanL cases (6, 8 and 10 months old 

respectiv-ely) and d and e are from 2 children of 

; and 7 years o3.d. 
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Fig 7. Three fractions, C, 
 M1 and M2, obtained by
 

lonexchange chromatography were 
characterized
 

by VAS/EIA test. 
 When Rabbit anti-human-IgG
 

labelled with peroxidase was used (left sheet), 

G showed the strong positive band at 1.W. 

around 51,000 dalton while MI and M2 showed 

fa-int posi tive band at the same area. With 

vabbit anti-human-TgM, G fraction demonstrated 

negative result while M1 and M2 showed strong 

positive band at M.W. around 66,000 daltons. 

These result suggested that fraction MI and M2 

contain only 1gM 
while fraction G contains
 

mainly IgG with low amount of IgM 
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