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1, Background/Intreoductions :

Despite many active researches in denguc hemorrhagic fever/dengue
shock syndrcme (D H F /D 5 8} in all aspect: of the disease
during the past decade, DEF/DSS still remains one of the major health preblems,
not only in Southeast Asia but also in tlie Pacifics and lately in the Carribean
areas. DEF/DSS is a severe febrile disease of children and adolescents .
characterized by sudden ocnset of fever, nausca, veriting, abdeminal pain,
hepatcmegaly, petechial hemorrhage, epistaxis, hematercsis, relena and
shock on the fifth to seventh cday of illness with significant mecrtality.
The major pathophvsiolegic hallmarks in CHF/DSS are shock and excessive
herorrhizge which arc the leading causes of death. Previous studies suqgested
that irmunclogical preoresses cre involved in the pathoqenesis of this
disease, Lowever, thc exact mechanisms are largely unknewn. Further
investigations are nceded tc understand the whele irmunopathogenetic
prccesses especially factors leading tce the development of shock which
will lead te better treatwent and ultimate preventien cf this discase
by vaccination.

There are twe rain areas in the study of DHF/DSS that this
proposal tries to erphasise. The first dealts rainly with thc questions
of hcow cellular irmunity manifests in the face of secendary heterotypic
dengue infection. The identificaticn and enureration of subsets of the
peripheral klocd leukocytés in different phases of the disease will agive
a better informaticn on what pcpulation cf cells arc mostly affected and
indirectly will give a generel picture of the cellular circuit cperated
in this conditicn. The identification of sites in which the virus replicated

cnd the derangerent of the architecturc of the lymphoid tissuc and



-
reticulo-endothclial system, tcucther with the data of chanqes of T-lymphocyte
subsets, will give a better insight inte which porulaticen of cells are
involved in cell-mediated immunity as the results of infection and which
population of cells are responsible for killine or irrune elimination of
virus-infected cells.

The sccond area dealts mainly with the role of corplement and irtune
corplexes. The rossibility of the anarhvlatcxins resultcd frem massive
corplenent activation, to generate “shock' in severe cases will be thoroughly
explored. Other possikle mechanisms leading te active complerent activation
will be investigated including thc capakakility of the different scrotypic
viral antigens and/or the infected cells teo activate the complerent systen.
The results will render weight tc the nction that cormplerent activation
perse can lead tc the syndrome cf sheck ané if so, what and how many possible
mechanisms are involved. These cate will be very essential for the

cmployment of dengue vaccinc in the future.
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2. Objectives :
The overall aim is to explore the immunopathological mechanisms of
Dengue hemorrhagic fever (DHF)/Dengue shock syndrome (DSS) with the view of
obtaining a better guide to the therapeutic intervention and the development
of dengue vaccine which is being developed in Bangkok,Thailand. The specific
Objectives are :
I. To determine sites of dengue virus replication and virus-cell
interactions with mononuclear phagocytes.
II. To oxamine in detail the derangement of architecture and
subpopulation of cells of the lymphoid organs.

IIXI To study tho kinetics of peripheral blood leukccytes in
differcent stages of disease, including subpopulation of
T-lymphocytos and natural killer (NK) cells in relation to
the derangencnt of immune response and immune requlation
during the coursce of DHF/DSS

IV. The complement system will be studied in details with

the following emphasis,

a, detail analysis of compicment components, both antigenically
and functionally, in various stagee of the discase.

b, corrclation between the prescnce of anaphylatoxins mainly
C3a, C5a and clinical activity

¢. The capacity to activate the complement system of isolated
viral antigens from different sourcos with and without the
presence of cnhancing antibodics

d. activation of complements by virus infected cells and
gsuscoptibillity to cell lysis by tho complement system.

¢. haplotypu of complement C4 and factor B in patients with

and without shock.



V. Detection of circulating antigen-antibody ccrplexes using various
assays with the cmphasis on the identification cf the subclasses
and class of the antibodies, the type of viral antigens and other
complement components. Isclaticn of the complexes in large arcunts
and detail identification cf the antigens by poly-and rmoncclonal

antibodies to specific serotypes of the virus,

3. Materials and Methods:

3.1 Patient pcpulation toc Le studied

Chiléren éiagnesed as cencuc hemorrhagic fever/denaue shock
syndrome (DIF/DSS) wic were adritted at Cepartment of Pediatrics,
Siriraj Eospital and Children's Hespital, Fanckeok, Thailand were included
in this study. Approximntely 100 serolcgic prcven cases of either
primary ar seccendary dencue hermorrbagic fever will ke studied in details
during the course of illness. The criteria fcr the clinical diacnesis of
(1)

DHF/DSS and grading of discasc severity wecre usced as daecriled previcusly,

3.2 Kinetics of peripleral btloed levkecytes in different staces cf

disease

The peripheral tlccd leukccytes were cbtained every day beginnina
from the first day of admissicn te aopproximately 5«7 days cf hespitalizatien,
from 50 confirmed cascs of CDEF/DSS. The pattern and nature of various kinds
of leukocytes were determined scauentially Ly Vriglt's stain using light
microscope, with particular attenticn on the accurate cnureraticn of monocytes,
mature lymphocytes and atyprical or transfcrmed lyrphocytes. The absclute
nurber ¢f these rperipheral white Llood cells was then calculated from the

total white cell ccunt,
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At the sare time, 10 ml heparinizec¢ venous tklood samples were

obtained and peripheral blood mcnonuclear cells (PBM) were isclated on

(2)

Ficoll-Hypaque density gradient centrifugation methcd (™" The ceclls were

washed 3 times with RPMI 1640 medium supplemented with 10% heat-inactivated
fetal calf serum and 50 ugn/ml gentamicin. Subpopulaticns of PEM cells were
then determined by monoclonal antibodies specific for surface antigens on

these cells. The unconjugated antikodies of OKT series, T, (total T cells),

3

T4 (inducer/helper T cells), T

(total B cells) and HNK~1 (natural killer cells) were used to identify

a (suppressor/cytotoxic T cells), Bl

lymphocyte subpopulaticn. The secondary antibodies included FITC-conjugated

, B, and ENK~1, In additicn, the

T 2 By

goat anti-mcuse Ig M for T Ta, ric

3 4!

1
natural killer (NK) cell functicn were determined sequentially Ly > Cr~
specific release assay using niyeloid cell line K 502 as target cells.(a)

The age and sex matched normal individual controls were included in each

study.

3.3 Compiement assays

hssay for complement compcnents, mainly CB'C4' factor B, C7 and C9
were performed using radial immuncdiffusion techniques with moncspecific

antisera. Functicnal assays fcr the classical and the alternative pathways

(4,5)

verc determined by methods previously described, The complement

activations in vivo ané in vitro were cvaluated by various assays to detect
different degree of ccmplement activaticn as fcllowed

a. Assay for the jrescnce of C3a des-arg and C5a des-arg by radio-

(6)

immunoassays.

n

b. Detecticn of C3d by rocket irmunediffusion assay,

c. Detection of the scluble terminal complement ccmplex

(sc 5b - 9) by a modified ELISA method (.8)
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3.4 Immune comploxes

Assays for the presence of immunce complexces in EDTA plasma

were cmployed by 2 different methods

a. CIq binding test.(g)

b. Solid phase conglutinin binding.(10)
Hexat aggregated human IgG was usced a8 atandard contrdl.

Further isolation of circulating immunc compmlexes were performed by

a column of polymethylmetacylate bcads cocated with either bovine

conglutinin of purified human CIq.(11) The isolated comploxes were

(12)

then labelloec with1251 by IODOGEN mcthods. Tho subclasses and

classes of immunoglobulins in the complexes couldé be identified by
co-precipitation of thc125£ complzxes with monospecific antisaora.
The scrotypic viral antigens in the complexcs were also identified
by co-precipitation,using scrotypic-specific polyclonal or monoclonal

antibodics (provicded by the Dupartinent of Virology, AFRIMS).

4. Results/Discussion/Tablce

Tho rosults of the first two ycars of the study project are
consisted with the study of the kinetics of peripheral blood lcukocytes
and the determination of complemcnt activation and immune complexcs
during the coursc of dengue hemorrhagic fever/denguc shock syndrome
(DHF/DSS)  which have been described in the provious progress roports
(No. 2-4). The results of the study on natural killer (NK) cell
numbers and NK cell activity during the courac of DHF/DSS werc described
in the progress report Mo.S5. In This progress report a further study
of the plasma terminal cormplement complex  in denguc hemorrhagic  fever/

dongue  shock syndrome (DHF/DSS) is described.
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Our previous data had indicatecd active roles of the complement
system in tho pathogenesis of shock and leakage in severe paticonts with
DHF/DSS. The complement profile in DHF/DSS is uniouc: with moderate
roduction of C3; C4 during the acute phasc but relatively larger amount
of complemant anaphylatoxins, mainly C3a and C5a arc gonerated (pleasc
sec provious reports). The amount of C3a gencratad is comparable to
the lovels (upto 9000 ng/ml) found in pationts with shock associated
with hypersensitivity to dialysis mombrancs(13), and patiznts with

(14)

scrum sickness from anti-thymocytc globulin trcatmcnt. Tn sovere

casce of DHF/DSS (Crads IV) the lovels reach 40,000 ng/ml.

In order to completo the total picturc of the complement
activation, we also measurad the plasma levels of the fluid phasc terminal
complement. complox (SCS5L--9complox) in the same group of palicnts.

The measurement of SC5b-$ complex was performed by an ELISA mothod as
developed by Profcssor S. Bhakdi, onc of our collaborators in the project.(15)
Onc of the primc rcasons for this part of investigation is bascd on our
finding just publishod in the Journal of Immunology and also presented
at thc XII th International Complemcnt Workshop at Chamonix, France in
1987,(16) that the factors rusponsible for the activation of C5 and
terminal complement scequence depond on the density of activation sites
of thz activator molecules and the systom will be inp fficicnt if the
initiators arc small soluble immunc complexcs. In casce activation
happens on tho surface of cclls or large particles, the €3 : C5 and

C5 : SC5b-9 ratios rcached 30 : 1 and 1 : 1, instcad of 100 : 1 and

10 : 1 in small complexes respectively. In othoer words, cormplement

activation will be morec efficicnt when the activity occurs on relatively

larger surfaceos. The study of the lovels of SC5b-9 complex in rolationship



10

to the levels of C3, C5a in DHT/DSS would indirectly indicate the nature
of the activator. The results of the SC5b-35 study wore summarized in

tha attached figures. Figure 1 showed the lovels of plasma SC5b-9 complex
at different period of the Ziscasc in paticents with different severity.

A sharp risc of SC5b-9 complex was obsorved coincided with  the
appecarance of shocit or subsidence of fover (day 0); with grade IV
patients showing highest lovels. In the convalescent period (day 12-14),
the sC5b-9 complex decreascd to the normal lovels. Figure 2 shows the
mean+standard crrors of the levels of SC5b-9 complex in DHF/DSS paticnts
with different grades of scverity and comparces them with the data obtained
from other immune complox discasos (scevere systomic lupus crythematosus
with active glomoruloncphritis and acute phase of post streptococcal
glomarulonephritis) in which active complement activation has been

demons trated. Our {indings that relatively large amount of SC5b-9
complex was gencrated in the fac: of modarate C3 consunption would
indicate a very officient complemoent activation in DHF/DSS, leading

not only the generation of potcnt anaphylatoxins but also activating

the terminal complemert sequence. The lzvels of SCED-9 complex are
significantly higher in DHF/DSS and low in SLE and normal population.

This indicates that complement activation in DHF/DSS is much more
efficient, reaching the terminal scquence; vhere as in SLE, a discase

in which circulating antigeon-antibody complexes activate the complement
system, thc complement consumotion meroly reach the levels of C3 or CS.

It is rcasonable to spaculate that the complement activation in DHE/DSS

is_unlikely to be ™ to circulating antigen-antibody complexes {(CIC)

as substantiatad by our provious data of not bL.oing able to detect

considerablc amount of CIC by thc two sensitive radio-immunoassay
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methodes (please sce our previous reports), but by direct activation by

tho virus itsclf or possibly by the surfacc of the virus infected cells.

In the latter case, the conscquences of the activation would have far
reaching offects, cither leading to cell lysis, rcleasing many phlogistic
mediators or the activation of the arachinodic acid rascade, leading

to shock or circulatory leakage. Further investigetion into the
interaction between the virus infected cell and the complement is

therafore indicated. e are currently investigating this problem.
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Figure 1 Plasma levels of SC5b-9 complex in 34 patients
with different grades of severity at acute and

convalescent phase of the disease.
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6. Workplan for the next period

The plan of the research study in the next period will be donc
including detailed study of the derangement of lymphoid tissues in autopsy
cases, sites of dengue virus replication and virus-cell interaction with
mononuclear phagocytes and megakaryocytes in the bone marrow. The capacity
of dengue virus infected cell to activate the complement system as well as
isolated viral antigens from different sources with and without enhancing
antibodies to participate in the complement activation will be also
investigated. Furthermore, the nature of atypical or transformed
lymphocytes in the peripheral blood of DHF/DSS patients will be inves tigated

in details using monoclonal antibody and FACS scan machine.
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