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1. Background/Introductions :

Desoite many active researches in dengue hemorrhagic fever/dengue
shock syndrome (D HF / D S S} in all aspects of the disease during the past
decade, DHF/DSS still remains one of the major health problems,not only in
Southeast Asia but also in the Pacifics and lately in the Carribean areas.
DHF/DSS is a severe febrile disease of children and adolescents characterized
by sudden onset of fever, nausea, vomiting, abdominal pain, hepatomegaly,
petechial hemorrhage, epistaxis, hematemesis, melena and shock on the fifth
to seventh day of illness with significant mortality. The major pathophye
siologic hallmarks in DHF/DSS are shock and excessive hemorrhage which are
the leading causes of death. Previous studies suggested that immunological
precesses are involved in the pathogenesis of this disease, however, the exact
mechanisms are largely unknown. Further investigations are needed to
understand the whole immunopathophysiologic processes especially factors
leading to the development of shock which will lead to better treatment and

ultimate prevention of this discase by vaccination.

There are “wo main areas in the study of DHF/DSS that this proposal
tries to emphasise. The first dealts mainly with the questions of how
cellular immunity manifests in the face of secondary heterotypic dengua
infection. The identification and enumeration of subsets of the peripheral
blood leukocytes in different phases of the disecagse will give a better
information on what population of cells are mostly affected and indirectly
will give a general picture of the cellular circuit operated in this
condition. The identification of sites in which the virus replicated and

the derangement of the architecture of the lymphoid tissue and
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reticulo-endothelial system, together with the data of changes of T~lymphocyte
subsets, will give a better insight into which population of cells are
involved in cell-mediated immunity as the results of infection and which
population of cells are responsible for killing or immune elimination of

virus-infected cells.

The second area dealts mainly with the role of complement and immune
complexes. The possibility of the anaphylatoxins resulted from massive
complement activation, to generatc “"shock" in severe cases will be thoroughly
explored. Other possible mechanisms leading to active complement activation
will be investigated including the capabability of the different serotypic
viral antigens and/or the infected cells to activate the complement system.
The results will render weight to the notion that complement activation
perge can lead to the syndrome of shock and if so, what and how many possible
mechanisms are involved. These data will be very essential for the successful

employmont of dengue vaccine in the future.
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V. Detection of circulating antigen-antibody complexes using various
assaya with thc cmphasis on the identification of the subclasses
and class of the antibodies, the type of viral antigens and other
comploment components. Isolation of the comploxes in large
agounts and detail identification of the antigens by poly-and

monoclonal antibodies to specific seretypes of the virus.

3. Materials and Methods :

3.1 Patient population to be studied

Children diagnosed as dengue hemarrhagic fevor/dengue shock
gyudrome (DHF/DSS) who were admittsd at Department of Pediatrics, Siriraj
Hospital and Children's Hospital, Bangkok, Thailand were included in this
study. Approximately 100 serologic proven cases of eithcr primary or sacondary
dengue hemorrhaqic fever will be studied in details during the course of
illnees_ ‘The criteria for the clinical diagnosis of DHF/DSS and grading of

disease severity werc used as described previously.(1)

3.2, Kinetics of peripheral blood leukocytes in different stages of

discease

The peripheral blood leukesytes were obtained cvery day beginning
from the first day of admission to approximately 5-7 days of hospitalization,
fram 50 coniirmed cases of DHF/DSS. The pattern and naturo of varicus kinds
of leukocytes were determined sequentially by Wright's stain using light
microscope, with particular attention on the accuratc enumaration of
monocytes,maturc lymphocytes and atypical or transformed lymphocytes.

Tho absolute number of thes: peripheral white blood cells was then calculated

from the total white cell count.
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At the same time, 10 ml heparinized venous blood samples wero
obtained and peripheral blood mononuclear coells (PBM) werc isolated on

(2) The cells ware

Ficoll-Hypaque density gradiont centrifugation method.
washed 3 timos with RPMI 1640 mcdium supplemented with 10% hcat-inactivated
fetal calf serun and 50 ugm/ml gentamicin. Subpopulations of PBM cells ware
then determined by monoclonal antibodies specific for surfacc antigens on
these cells. Tho unconjugated antibodiaes of OKT series, T3 (total T cells),

T, (inducer/kelper T cells). T, (supprossor/cytotoxic T cells), B

4
(total B cells) and HN¥-1 (natural killer calls) were used to identify
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lymphocyte subpopulation. The secondary antibodics included FITC-conjugated
goat anti-mouse Ig M for T3, T4, TB’ Mcz, 51 and HNK-1 were used for indirect
immunofluorescence assays. In iddition, the natural killcr (NK) cell
functicn were determincd sequentially by51Cr-spccific recleoase asgay using
myeloid cell line K 562 as target coils.(a) The age and sex matched normal

individual controls were included in each study,

3.3 Complement assays

Assay for complement components mainly C3,C4, factor B, C7

and C9 were performed using radial immunodiffusion techniques with monospecific

antisera. Functional assays fer the classical and the alternative pathways

(4.5)

were dctermined by methods prceviously described. Thae complement

activations in vivo and in vitro ware ovaluated by varioues assays to detect
different degree of complement activation as followed

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

(6)

radioimmunoassays.

b, Detection of C3d by rocket immunodiffusion assay.(7)

c. Detoction of the soluble terminal complement complex

(SC 5b-9) by a modificd ELISA method. 'S’



3.4 Immune comploxes

Assays for the presence of immune complexes in EDTA plasma

wore employed by 2 different methods :

a. CIq binding tost.(g)

b. Solid phasa conglutinin binding.(1o)
Hoat aggregated human IgG was used as standard control.
Further isolation of circulating immune complexes were performed by
a column of polywmoethylmetacylatc beada coated with cither bovine

conglutinin of purified human CIq."” The isolated complexes were

then labelled with1251 by IODOGEN methods.(12) The subclasses and
classes of immunoglobulins in the complexes could be identified by

25 . e .
I complaexes with monospecific antisera.

co-precipitation of the1
The serotypic viral antigens in the comploxes were also identified
by @o-precipitation,using scrotypic-specific polyclonal or monoclonal

antibodies (provided by the Department of Virelogy, AFRIMS).

4. Results/Discussion/Tables

The results of the first two years of the study project are
consisted with the study of the kinetica of peripheral blood leukocytas
and the datermination of complement activation and immunc comploxoﬁ
during the course of dengue hemorrhagic feverAtengue shock syndrome
(DHF/DSS) which have been described in the previous progress repcrts
(No. 2-4). 1In this report, the results of tho study on natural killer
(NK) cell numbers and NK cell activity during the course of DHF/DSS

will be described in details.

2
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Natural killer (NK) cell activity against K-562 target cells
and HNK-1¥ cell levels were serially determined in peripheral blcod of
62 Thai children with dengue hamorrhagic fover/dongue shock syndrome
aged 4-12 years and 59 age-matched normal controls. Tha studies were
performed on febrile stage (F). first (S1)and sccond (S83) day of
subsidence of fevor ( shock stage), third (C1) and fourth (C2) day of
subsidence of faver (early convalescent stage) and once again on the
late convalescent stag2(C3, approximately 14-18 days after subsidence

of faver)

4.1 WK-1% coll levels and NK cell activities of normal controls

The HNK-17 cell lovels and NK cell activities of 59 normal
controls ware shown in Table 1. These values batween male and female
showed no significant gender differenca. Hence, we used a mean value
obtained from these 59 children as a normal value for studied patients.

4.2 mWK-11 cells ievels in pationts with DHF/DSS

Whan compared with the normal controls, the patients
demons trated significant decroasod absolutc absolute number of k-1t
coll levels in febrile (F) and shock stage (S1 and S3) but showed
no significant difference in the carly (C1 and C2), and late convalescent
stage (C3) (Figure 1 and Table 3). When the patients werce subdivided
according to Aiscase severity into grade II and grade III, the patients

with grade III of scverity showed lower mK-11  cell lavels in febrila

stage when compared vith the patients with grade II (Table 2)
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4.3 NK cell fupctional activities in patients with DHF/DSS.

The NK cell activity against K-562 target cells was assessed
in parallel with HNK-1* cell enumeration. As shown in Figure 2, the level
of NK cell activity was hLighor in the early discaso stages (F,S! and S3)
than that in tho late dieease stages (C1, C2 and C3) and the normal
controls. However, the differences were not statistically significant.
These results, however, were in contrast with those of the mK-1" cell
level (Figura 1). Thus, when the NK cell activity on a per-cell basis
was considered, it was found that the activity on a per-cell basis was
gignificantly increased in the early disease staqes with a peak in the
day of shock (Figure 3 and Table 3). Tha patients with grade 2 and
grade 3 of discase scverity woerce found to e¢xhibit comparable NK cell
activity in all but the febrilie stage which is higher in grado 3.

When the NK cell activity per-cell was considered, the patients with
grade 3 showed more NK cell activity significantly on febri]l ¢ stage
and the first day of shock (Tablc 2).

4.4 Discussion

Most studies have shown that NK cells which lysa virus-
infected cells have the same phenotypic and morphologic characteristics

4 .
(13,14) However, heterogeneity

.
of NK cells has also becn reported in humnn systcm.(1J’16) The

of those active against K-562 cells.

present study has demonstrated that thure was signifiecant increase
in the activity of each HNK-17 c:1lls, previously shown to exhibit
almost all NK and killer (K) ccll functional activities(17), in febrile

and shock stages of the patients with DHF/DSS. This study also revealed

| >~
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that NK cell activity per one K-17 cell was higher on febrile stage
and thefriat day of shock in grade 3 patients when compared with
those in grade 2, suggests that NK ccll function might also determino
the severity of disoasce. It has been ronorted that NK ccll activity
is raised during infection with soveral viruscs in experimental animals

and man.(18’19)

Based on the pathogenic studics in the Rhosus monkay,
it was found that following subcutancous inoculation of denguc virus,
in the presence of conhancing denque antibody, the virus is replicated
in histiocytes, macrophage in regional lymph node, splo:n, lungs and
ia Kuffer cells in the liver.(ZO) It was hypothesized that thesa
dengue~infected cells will be killed by the process of immune
elimination of thc hostresulting in the release of various mediators
leading to denque shock syndromc.(21) It is possible that the NK
cells may be responsibla for the destruction of dungue-infected
macrophage. Thus, the results of this study sugqgest the possibility
that NK cells play role in the pathogenesis of DHF/DSS by killing

the dengue-infected macrophages which cause the release of such

vasocactive modiators.

5. Conclusions/Remarks.

The study of natural killer (NK) coll activity and mK-17
call levels during the course of DHF/DSS revealed that the NK call
activity was not change significantly from the normal controls.

In contrast, the leval of k-1 cells, which exhibited almost all

NK and killer cell funotional activities, was significantly docreased
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in the febrile and tho shock atages and were normal in the carly and
latc conva’escent stages. The NK cell activity, on the por-cell basis,
was significantly increassd in tho early disease stage when compared
to that of the later period of the disease and of the normal controls.
The study also revealad that rationts with grade 3 of discase
severity exhibited significantly more NK call functional activities
per cell then grade 2 on fcbrile stage aod the first day of shock.
These results sugqest that natural killer cells were active in defense
aqainst dengue viral infection and might play somc role in the
pathogenesis of DHF/DSS.

Thig is tha firet report to demonatrate the NK cell functional
activity and levels at various stages of dengue viral infection.
Though a definite conclusion as to the role of NK cells in DHF/DSS
can not be made, it is hoped that futuro rcsoarch will usa the findings
in this study as a guideline for further improving »ur undors tanding
of the role of NK colls in defense against dengue viral infection
in geaeral and of che involvement, if any, of NK cells in the

pathogenesis of DHF/DSS.
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Table 1 ¢ HNK~1* cell levala and NK ocell activity in
peripgheral blooa of healthy male and fonsle
children,.

Malegtremalea Mnlen Females P-valued
» Number 59 33 26 -
Age range{mean} 3-19 (8.6) 4~-i2 (84.1) 3-33 (%.3}) -
X HEH-14Y cell 1.3 £+ 4.7 14,9 % 6.3 3.5 + 3.8 NG ¢

Absolute BNK-1t 526.44231.3 549.8+226.8

{celln/am?)
57.71430.82

% Cytokcoxicity B6.69¢:1.47

496.6+242.3 NS
56.36412.44 K8

Mean it standard deviantion

.-

b Mann-¥hitney U teat wee uged

indegendent somples

to tegt the twWo

{neles and Temnles)

M8 = Mot significant (P > 0,05)
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Teble 2 : The IN¥-it cell levels, % NK cell cytotoxicity ard % crtotoxicity per 1 HNE-1+ cell at various stages of 1ilness in
ML MRS notionte wvith avarte IT ana grede ITI of diseass severiiy.

% NK-1‘cells Absolute HIE-1'cells(cells/mm? % Cyrotoxicity % Crtotoxicity per 1
Disease MA-1* cell {x 10-¢}

stages - R
Grade 1I Grads III P-valuec Grade 11 Grede JIT P—alue  Orade 11 Grade ILI  P-value Grade II Grade IIT1 P-value

F 5.722.82 10.425.1 NS¢ 207.4+123.4 87.6+13.3 P<O.05 59.2i+11.69 76.7640.4 E<0.05 17.B+7.2 23.9+11.5 PE<0.05
(n = 13}% (n = 2} .
s1 2.5+5.6 7.2+2.6 WS 252.2+226.8  20G.94183.9 NS B85, 70418.7:  59.51%12.64 RS 20.91+7.%  24.020.1 P£0.05
{n = 18) (n=18)
<3 8.942.7 5.6+4.0 RS R20.6+169.7 214012180 18 AE.72+13.73  RT.BR£12.72 NG 17.7:5.1 18.8+7.3 NS
(n=26) 1n= 12} .
1 S.5+2.4 10.414.3 1S 467.33210,4 259.218745.1 NE 55.82+11.,79  %6.50+11.29 RS 15.743.6  14.6+3.5 S
' (n = 17) (o= 1M}
G2 10.7:3.1 11.3#4.2 NS 481.3+233.5  397.13310.7 n3 57.36+12.%7 54.18x12.38 NS 14.2+44.5 13.124.3 NS
(o= 23) n = 13)
C3 14.344.3 13.7+43.2 NS 504.24270.% 451.42226.0 NS 53.06134.47 S3.21315.33 NS 9.8+3.3 10.143.2 NS
(p = 5 (n=26)
s : Mean t cstandard deviation
b \‘m\ber of cases
¢ : Mann-¥hitney U test wos used to test the iwo independent gsamples [grade 1T and grade III values)
q

: NS = Not significant (P > 0.05)

“pi~


http:14.314.k3
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Table 3 : The HNK-1+ cell levels, % NK czll cytotoxicity and % cytotoxicity
per 1 HNK-1* cell) at various stages of illness in 82 DHF/DSS patients
and 59 ncrmal controls.

Disease XHNK-1* P-valuec Absolute F-value %Cytotoxi- P-value XCytotoxi- P-value

stages cells HNK-1+*cells city city per
{cells/mm3) 1HNK-1+cell
© (x 10-4)8
P - 3.81+4.0* P¢0.05 151.5+122,.0 P<0G.05 €1.6%12.4 NS 13.6+8.2 P<0.0%
St 8.4+4.8 P¢0.05 231.1%207.5 P<0.05 62.6+12.1 NS 22.548.6  P<0.05
s3 £.843.3 P<0.95 293.1+194.3 P<0.05 58.3+13.4 NS 15.546.4  P<0Q.05
Cit 10.0+3.5 P<0.05 463.3x244:4 NS 35.2+411.7 NS 13.6+3.8 NS
cz 1¢.94+3.5 PKU.05 477.0:268.8 NS 56.2+13.0 NS 12.844.5 NS
c3 14.0%4.0 NSS  185.2%254.2 NS 53.5+14.9 NS 10.043.5 NS
Normal 14.3+4.7 - 526.4+231.3 - 55.7+11.1 - 16.2+2.3 -
contrecls
2 : Mean i standard deviation

® 1 Average of calculated values for individual samples

€ : Mann-Whitney U test was used to test the values at each disease stage ,with
the normal controls

4 : NS = th significant (P > 0.06)
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Fig. 1 Abaolute numbers of HNK-1* cells per mm? at various
stages of illncess in &2 patients with DHF/DSS

compared with the ncimal controls,
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Fig. 3 The percentsge of NK cell cytotoxic activity on a
per-cell bapis at varioun stages of illneas in 62
patients with DHF/USS compared with the norkal

controls.
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