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ANTIBODY-DEPENDENT ENHANCEMENT OF DENGUE
VIRUS GROWTH IN HUMAN MONOCYTES AS A RISK
FACTOR FOR DENGUE HEMORRHAGIC FEVER

SRISAKUL €. KLIKS, ANANDA NISALAK. WALTER E. BRANDT,
LARRY WAHL. ano DONALD S. BURKE
Department cf Trus Disease. Walter Reed Army Institute of Research, Washingron, DC:
ULS. Component, Armed Forces Research Institiee of Medical Sciences.
Bangkok, Thatand: and Laboratory of Immunology.
Nutiotiad Instituee of Deneal Research, Bethesda, Marviand

Abstract. Serum specimens collected during a nrospective study of dengue infections
among schoolchildren in Bangkok were tested for their ability to enhance dengue 2 (DEN-
2) virus growth in human monocytes in vitro. Two groups of dengue-immune sera were
compared: 32 denguc antibody positive scrum specimens from children who subsequently
developed asymptomatic secondary dengue infections: and 9 dengue antibody positive
serum specimens from children who subsequently developed severe symptomatic secondary
dengue infections, 8 of which were clinically diagnosed as dengue hemorrhagic fever.
Antibody-dependent enhancement of virus growth was quantitated by measurement of
virus vields in supernatant fluids of normal human monocyte cultures that were infected
with DEN-2 virus in the presence of undiluted test serum. Only 4 of 32 (12%) preinfection
sera from asymplomatce children. but 6 of 9 (67%) preinfection sera from svmptomatic
children. had significant enhancing activity (£ - 0.001). High serum DEN-2 antibody
dependent enhancing activits s a significant (relative risk = 6.2) risk factor for severe
illness among children in a dengue hemorrhagic fever endemic region’ Dengue antibodies
can be neutralizing and theretore protective, or they can be enhancing and increase the
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nisk of dengue hemorrhagie fever,

Dengue hemorrhagic fever dengue shock syn-
drome (DHF DSS). the most severe manifesta-
tion of an acute dengue virus infection. is en-
demic among children in Southeast Asia. There
are 4 serotypes of dengue viruses (DEN-1, -2,
-3 and -4). Prior infection with a dengue virus
of 1 serotype confers only transient immunity to
intection with heterologous serotypes, but does
give rise to antibodies broadly cross-reactive with
virions of all 4 serotypes.! * Pre-existing seroim-
munity to dengue. as measured by conventional
serologie assays. is an important risk factor for
the development of severe manifestations of in-
fection.' * More than 95% of children  -12
months of age hospitalized with severe dengue
show cevidence of a secondary (anamnestic) sero-
response. Dengue-naive children rarely develop
severe manifestations of discase when acutely
ifected. Infants born to dengue-immune moth-
ers are also at increased risk of severe discase
until maternal antibodies wane.®

Antibody-dependent enhancement (ADE) of
dengue virus growth in mononuclear phagocytes
1s thought to be the mechanism whereby pre-

existing dengue antibodics confer excess risk.”
Heteroty pe antibodics ind to. but do not ncu-
tralize. dengue virions. Heterotypie antibody-vi-
rion complexes attach to mononuclear phago-
¢yvies throuch Fe receptors on the cell surface.

In a 6 month prospective study of dengue in-
fections among Bangkok schoolchildren. we
demonstrated that existing seroimmunity toden-
guc. as measured by detection of serum hem-
agglutination-inhibiting antibodics. was a signif-
icant risk factor for development of DHF DSS
among children who became acutely infected by
a dengue virus.” In that study. 8 of 56 scroposi-
tive children who became infected by a dengue
virus developed DHF'DSS: none of 46 previ-
ously seronegative children became seriously i
when infected. One additional seropositive child
developed relatively scvere illness but was not
chinically diagnosed as having DHF/DSS.

In the current study. we sought to determine
if differences in serum ADE activity in preinfec-
tion sera from seropositive children could be re-
lated to the severity of subsequent infection. We
report here that, among denguc-immune chil-
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dren. high serum DEN-2 ADE activity was a
strong predictor of severe illness.

MATERIALS AND METHODS
Case studies

The study subjects were children in the Phi-
bunprachasan Schoo! who participated in the
1980-1981 prospective study of dengue infec-
tions in Bangkok. Thailand.* Pre-infection serum
specimens included in this study were from 9
children with secondary infection who developed
clinical symptoms and 32 out of 39 children with
secondary infections who were asymptomatic
(there was an insufficient quantity of serum in
the remaining 7 samples). For negative controls.
10 unsclected preinfection sera from among 47
children with subsequent primary dengue infec-
uon were also examined (none had detectable
dengue antibodies). All serum specimens were
previously tested fo- their hemagglutination in-
hibition and ncutral zation activities against all
4 dengue serotvpes as described by Burke and
others.®

Preparation of virus siock

DEN-2 virus strain DY0-616 was isolated from
plasma trom an infant DSS case in Bankok dur-
g the (980 outbreak using the mosquito in-
oculation technmque.” The virus was turther
propagated in LLC-MK. monkey kidney cell
monolayers. Culture fluid containing virus was
harvested. quantitated for the virus as plaque
forming units (PFUY. "and stored at - 70°C untl
it was used in the infection-enhancement tests.

Mucro-assay tor DEN-2 anubody-mediated
CRAANCEMEN dctiviny

Antibody-mediated enhancement activity of

preinfection sera from appropriate study cases
was measurcd using the method described by
Brardt and others!' with some moditications.

Bricflv. 3 = 10° cells of a 3-dav-old culture of

the human monocytic cell line U-937 were in-
tected for 90 min at 37°C with DEN-2 virus strain
DEO-616 at the multiplicity of infection of 0.1
it the presence of heat-inactivated test serum at
varying dilutions (1:10-1:10"), The virus and sc-
rum mixture was removed and cells were washed
3 umes before they were cultured in a 15 ml
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polystyrene centrifuge tube containing 2 ml RPMI
1640 with 10% heat-inactivated fetal calf serum.,
200 mM glutamine. 200 ug/ml streptomycin, and
200 U/ml penicillin with an addition of test se-
rum at various final dilutions. The cultures were
kept in a CO, incubator at 37°C for S days with
daily shaking for 2-3 scc. The cells and culture
fluids were harvested after a centrifugation at
1.000 rpm for 10 min. Infection was quantitated
by numeration of acetone-fixed cells reactive to
DEN-2 polyclonal antibodies by an indirect im-
munofluorescent antibody test. Virus produced
in culture fluids was also measured by quanti-
tating dengue virus PFU in rhesus monkey kid-
ney LLC-MK. cell monolayers. ADE is mea-
sured as an increase in the number of infected
cells or a statistically significant increase of virus
production in the fluids from cultures infected
1 the presence of the test human serum com-
pa.ed to those infected and cultured in the ab-
sence of test serum. Since the quantity of virus
produced in cell cultures correlated with the
number of UU-937 cells infected (S. Kliks. per-
sonal communication). the enhancement in this
assay was determined by comparing the number
of infected cells in the presence of test serum to
that of cells intecied in the absence of human
serum.,

Micro-assay tor DEN-2 antibodv-mediated
enhancement activity

This test was emploved to measure ADE ac-
tivity in undiluted human serum or in low serum
difutions as described by Eckels and others.'”
Human monocytes, freshiy isolated by the clu-
triation mcthod.!' were used because of their
ability to remain viable in the presence of un-
diluted or a low dilution of human scrum. In this
assay. infection was measured by counting the
percentage of infected monocvtes as well as
quantitating infectious virus in culture fluids. The
amount of virus produced in an intected mono-
cyte culture correlated with the number of cells
intected as detected by the immunofluorescent
technigue.

RESULTS

Determunation of DEN-2 antihodyv-mediated
enhancement activity in preinfection sera

We tested preinfection sera from children in
the symptomatic and asymptomatic groups with
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POWER = PEAK/CONTROL

VIRUS YIELD

SERUM DILUTION

Ficure 1. Schematic graph of DEN-? virne vield
vs. difution oi dengue rmmune serum in cultures of
17-937 ceils. CONTROL is the mean vield from cul-
tures without added serum: PENT 1s the peak en-
hancement tter. or the titer at which virus vield is
maximal for the serum tested: ENT 1s the enhancement
titer or the highest dilution of the test serum which
produces a vicld significantly greater than the comrol
vield: and POWER is the ratio ot vicld at peak en-
hancement titer divided by the control yield.

secondary dengue infections for their ability to
enhance infection of DEN-2 virus strain D, 616
in 1U7-937 cells. Preintection sera from 10 chil-
dren with primary dengue infection from the same
study cohort were included in the test as negative
controls. Serum dilutions -~ 1:10 were not tested
duc to their toxic effect on U-937 cells. Three
enhancement parameters were measured: ADE
titer (ENT). peak ADE uter (PENT), and power
of enhancement (POWERY). These parameters are
diagrammed in Figure 1. In the experiment with
172937 cells. no DEN-2 infection was observed
in cell cultures in the absence of test serum or in
the presence of nontmmune sera from the control
group: but DEN-2 infection was observed in all
cultures with pre-secondary infection sera. in-
dicating dengue infection enhancing activity (Ta-

" ble 1), Paradoxically. the mean DEN-2 ENT and

PENT titers among the sera {from the asympiom-
atic group were higher than those from the symp-
tomatic group (£ - 0.05. Table 2). In addition,
the mean POWER 1n sera from the asymptom-
atic group was also higher than that from the
symptomatic group (- 0.05) when tested using
diluted sera on 11-937 cells (Table 2).

Analvses of the relationship berween DEEN-2
PRNT ., and ADE activities

Although the DEN-2-enhancing activitices
(ENT. PENT, and POWER) among the children

in the asymptomatic group were higher than those
of the symptomatic group. we noted a basic dif-
ference in the enhancement profiles between the
2 groups. In the asymptomatic group. the peak
enhancement was observed at the dilutions > 1:
40 among 75% (24 out of 32) of sera (Table 1).
Those sera also exhibited strong neutralization
in the preceding dilutions. In contrast. 77.8% (7
out of 9) of sera from the symptomatic group
¢xhibited maximum enhancement at the lowest
dilution tested (typically 1:10). It seemed appro-
priate therefore to retest all sera for ADF o ¢he
iowest possible dilution. most closely simulating
the sitvation in vivo.

DEN-2 enhancement activity in undiluted sera

In order to estimate the effect of ncutralizing
and enhancing activities on DEN-2 infection in
human monocytes in vivo, we tested the undi-
luted sera from the symptomatic and asymptom-
atic groups for their ability to cither neutralize
or enhance dengue infection in freshly isolated
human monocyies with the microassay method.
Ten preintection sera from the primary infection
group were included as normal serum controls.
A slight infection. indicated by virus production
of <500 PFU per culture (0. 16% of infected cells).
was observed with control sera. Six out of nine
sera from the symptomatic group (67%) exhib-
ited infection greater than 2 standard deviations
(SD) above the control mean vatue observed in
normal sera (Fig. 2). One serum exhibited a de-
gree of infecton above the mean of normal se-
rum controls. but <2 SD above the mean. The
remaining 2 sera with high DEN-2 PRNT, (as
measured in LLC-MK.. cells) also exhibited neu-
tralization in human monocytes (Fig. 2).

Of the 32 sera in the asvmptomatic group. only
4 (9.3%) exhibited ADE resulting in infection -2
S1> above the control mean. Three were asso-
ciated with an infection tevel comparable 1o that
observed with normal sera. However, 25 out of
32 sera from the asymptomatic children (78%)
exhibited infection levels -2 SD below the mean
value of normal controls.

Analvsis of risk for DHEF DSS from DEN-2
enhancement activity

Children whose sera neutralized DEN-2 virus
in human monocyte cultures. regardless of their
DEN-2 enhancing activities measured at higher
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Divease severity among 3 study groups and the neutralizing and enhancing activities in thewr preinfection sera

Symp- DEN-L DEN-2 DEN-3 DEN-4 DER-2
Case toms® PRNTH PRN1 PRNT PRNT ENTE PENTS POWERS INF*
1. Asymptomatic primary (n = 10)
3218 Q 0 0 0 0 0 0 0 2.30
2603 0 0 0 0 0 0 0 0 1.80
2698 0 0 0 0 0 0 0 0 2.07
2737 0 0 ¥} Q 0 0 0 0 2.04
2514 0 0 Q 9] 0 0 0 0 2.70
2544 0 0 0 0 0 0 0 0 1.82
887 0 0 {} 0 0 0 0 0 1.90
249 0 0 0 0 0 0 9 0 2.60
410 0 U 0 V] 0 9] 0 0 1.45
S [l 0 0 0 0 0 0 0 2.30
1. Asymptomatic secondary (n = 32)
2635 0 5 3 375 5 160 10 4.0 1.75
3163 0 b 13 3.000 5 160 40 4.3 0.70
Z6nd 0 3 13 750 178 40.960 40 14.5 1.58
5373 0 00 12 5 3 160 40 2.5 2.50
2202 0 150 35 680 41 1.560 40 215 0
2263 0 130 5 1.3u0 110 40.960 160 343 0
2272 0 00 80 200 10 640 40 11.9 1.76
2781 0 2.000 15 5 5 160 40 31 3.09
RAYE [l 5 750 12 5 640 40 18.6 0
3 0" N 300 5 5 040 40 5.3 1.35
147 0 3 3 3 215 160 10 4.5 2.79
218 3] 21 330 3 5 10.240 40 16.5 0
2l 0 A A N 164} 40 10 1.1 3.20
i " 6o 406 200 56 10.240 640 13.4 0
4T n 7S 4 3 10 10.240 10 9.5 0.95
124 0 T t) 13 12 10.240 160 6.9 0
P2o3 0 "0 N3 325 37 1o 10 6.0 1.21
IERN " 5 NN 3 5 10.240 160 221 0
18] 0 1 22 130 1.500 2,560 40 18.5 0
2337 " 225 3s 1 450 20 2.560 160 253 U
41a " 15 i3 2100 h] 25360 10 6.2 (.94
46 0 14 0 3 68 2560 40 19.2 1.20
A 0 S S 16 43 160 40 9.8 324
2340 0 H 1o 12 641) 2.560) 30 5.9 1.60
P37 0 A2 133 RS h) 10,240 40 13.2 0.60
13" 0 a0 NS s s 10,240 10 7.4 0
1371 0 4" ) 340 74 160 40 5.9 0
NN 0 [ 1.280 I 210 10.240 160 4 0
1220 0 hl h N 72 160 40 35 2.08
626 0 | 26 350 53 640 10 9.6 0
1501 0 3 3 5 4 160 10 6.0 2.40
123 0 Y S0 640 5 2.560 40 7.3 0
IT1. Symptomatic secondary (n = 9)
3293 3 20 0l 1o S0 160 40t 4.7 362
1933 1 Ton M) Lo 5 640 10 4.0 2.67
2494 3 1.620 20 29 3 160 40 8.7 275
2354 3 520 600 b 10 160 10 1.9 (
SN 2 3 040 b 11 10.240 40 (8.5 0
842 3 1130 hl 11 21 40 10 0.5 2.40
24 | h hJ 5 20 160 10 1.0 510
RRR] 3 150 1 11 5 10 10 2.6 5.40
408 3 1.380 43 70 5 10 10 1.3 4.80
. |)('nrgTu' ssmptoms oo \\mm«r\ﬁ;\ o leser 20 DHI L not hospitalized. and 3 DHEL hosprtahized
FPRNT 9% plague reducuon neutrabzanon nter as measured on LMK cells
PENT O Eahancement tier on 1937 cells
SPENT - Prak ephancement titer on 17937 gelly
TPOWER  Power o fold of enhancement on b 937 cells conpared 1o vicld Trom cultures without added human sera
Nt Intection vield an treshiy clutniated hunsin monoavies cultured i the presence of uadiluted serume fog,, ot plaque forming umts per

Caltute
1L owest dilution tested
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TABLE 2

Comparison of dengue PRNT ., tters und DEN-2 enhancing activities between symptomatic and asymptomatic

children with secondary infections

DEN-1 DEN-2 DEN-1 DEN-4 DEN-2

PRNT* PRNT* PRNT* PRNT* ENT* PENT* POWER
Symptomatics (n = 9) 22:10 1353+08 14205 10204 21 =09 1203 48 =157
Asyvmptomatics(n = 32) 1.5~-08 16+07 1.7=14 14=07 31+09 16=-04 113 =285
P value 0.09 0.78 0.24 0.03 0.02 0.01 0.01

*log value

PRNT = 30% plague reduction ncutralization tier as measured on LLOC-MK; cells.

ENT - Enhancement titer measured on 2937 cells.
PENT  Peak enhancement titer nycasured on 12937 cells,
POWER - Power or fold of enhancement measured on E/-937 cells

dilutions. had a relatively low risk (0.15) for DHF.
DSS (Table 3). The Mantel-Hacenszel chi-square
statistic was 10.9 (£ -2 0.001), indicating a sig-
nificant association between DEN-2 neutraliza-
tion and lower incidence of DHF. DSS.

In contrast, those children whose undiluted
sera enhanced DEN-2 infection in human mono-
cvies., regardless of their original DEN-2 PRNT.,.
had a relative risk of 6.2 (Table 3). The Mantel-
Haenszel chi-square statistic was 9.53 (P -
0.003). indicating a significant association be-
tween DEN-2 enhancement and DHE DSS. The
attributable risk of DEN-2 enhancement toward
the development of DHF DSS was 0.84.

Interrelationships among newtratization,
infection enhancement. and
severity of symptoms

Since DEN-2 infection enhancement by un-
diluted serum was associated with the risk of
developing symptoms during subsequent infec-
tion. we further analyzed the relationship be-
tween the degree of enhancement and the sever-
ity of dengue illnesses. We aiso determined the
rclationship between the risk index (infection en-
hancement by undiluted serum) and other con-
ventional serologic properties.

We labeled the 4 observed outcomes of the
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FiGure 2. Graph of relationship between DEN-2 PRNT,,'s (as measured on LLC-MK; cellsy vs. DEN-2
virus vields in cultures of fresh clutrtated human monocytes to which undiltuted sera were added. Control sera.
from patients who subsequently experienced asymptomatic primary infections. are shown as open circles (O):
sera from patients who subsequently experienced asymplomatic secondary infections are shown as closed squares
(Hl): and sera from patients who subsequently experienced symptomatic secondary infections are shown as closed
triangles (A).
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severity of dengue illnesses--asymptomatic,
dengue fever. DHF but not hospitalized. and
hospitalized for DHF—as 0, 1. 2, and 3. respec-
tively (Table 1). We then analyzed the relation.-
ship between this variable and the degree of in-
fection in human monocvtes cultured in tested
undiluted serum, and all other enhancement pa-
rameters and PRNT, against DEN-1.-2,-3, and
-4 (Table 1) using the Spearman rank correlation
method. Severity of syvmptoms correlated with
vicld of DEN-2 virus in monocyie cultures sup-
plemented with undiluted preinfection sera (r =
0.420. P ~ 0.01). Enhancement outcome (»2
SD) was also shown by the Spearman rank cor-
relation test to be correlated with development
ol dengue symptoms (r = (1,326, 7 ~ 0.001). Pre-
existing neutralization of DEN-1 showed a mar-
ginal correlation (r = 0.332. 7 ~ (0.035) with den-
gUC symptoms.

Neutralization of infection i human mono-
cvtes by undiluted serum was negatively corre-
fated with symptoms by rank correlation analysis
(r = 03720 P - 0.00). This variable correlated
with DEN-2 PRNT . as measured in LLC-MK.
cells (r = 0,687, - 0.001). which in turn covar-
ied with DEN-2 enhancement titer (ENT) (1 =
11424 P - 0.01), peak enhancement titer (PENT)
(r =0.2366.F - 0.03)

DISCUSSION

The results of this study provide direct evi-
dencee that antibody-dependent enhancement of
dengue virus growth in mononuclear phagocyies
1s ventral to the pathogenesss of dengue hemor-
rhagic fever. The presence of DEN-2 infection
cnhancing antibodies in undifuted serum is a spe-
cific and powertul risk factor for the development
of DHF DSS during a subscquent secondary
dengue infection. while the presence of DEN-2
neutralizing antibodies in serum predicts a sub-
sequent asy mptomatic secondary infection.

Serum dengue antibody dependent enhancing
activity can be deseribed by 3 measurements: the
maximal dilmtion at which enhancement can be
detected. or the “enhancement titer™: the dilu-
tion at which enhancement is most readily ap-
parent, or the “peak enhancement titer™: and the
relative vield compared to control sera. in terms
of the number of infected cells or the amount of
virus in culture supernatant fluids. at the peak
enhancement titer (the relative vield is quanti-
tated as the ““power of enhancement”™). These

TabLE 3
Risk analvsis of severe illness for patients with sera
shaneing DEN-2 neutralizing or enhancing activities
as measured with undiluted sera on fresh human
monoecyvies

DN 2 nettralization Symptomane Asy Tt
Yes 2 25
No 7
PEN-2 Enbancement Symplomatg Asymptomati
Yes 6 4
No 3 28
Relative msk of neatrabizavon - 0 1§

Relatve rsk of enhancement 6 20
Atrthutable risk - 1184

measurcments arc diagrammed in Figure 1. In
our initial experiments using U-937 cells. we
measured enhancement titers. peak enhance-
ment titers, and powers of enhancement. Oddly.
DEN-2 enhancement titers. peak enhancement
uiters. and the power of enhancement were great-
er using preinfection sera from asyvmptomatic
cases than from symptomatic cases. apparently
refuting the hypothesis that enhancement is re-
lated to the severity of disease. However, the
basic shapes of the enhancement activity curves
between the 2 groups differed. Enhancing activity
at the lowest dilution tested in the U-937 assay
system (1:10) was greater using sera from symp-
tomatic cases than when using sera from asy mp-
tomatic cases.

We therefore devised an alternate test system
1o extend the curves to measure enhancing ac-
tivity of undiluted sera. Cultures of treshly ¢lu-
triated normal human monocvies were found 1o
work well. In this system. virus vields (power of
enhancement) using undiluted sera from symp-
tomatic cases were substantially greater than those
using sera from asvmptomatic cases. In retro-
spect. itis apparent that use of undiluted sera on
normal human monocytes is the appropriate sys-
tem tor measuring physiologically relevant ADE:
blood mononucicar celis are bathed in undituted
SCrum in vivo.

Immune serum can have 2 competing effects
on dengue virus growth in cultures of Fe-recep-
tor-bearing cells: neutralization or enhancement
(Fig. 3). If ncutralizing activity is high. no ¢n-
hancement is obscerved. Conversely. high en-
hancing activity may mask the presence of low-
level neutralization. All 7 sera from symptomatic
cases in this series which showed enhancement
in monocyte cultures had fow-level neutralizing
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Frauvre 30 Schematic graph of DEN-2 virus viclds
veoserum difutions when tested on TLO-MK monkey
Kidney cells ftop). on U-937 cells teenter). or on human

maonocytes thottomy A shows the pattern typacal of

sera from patients who subsequently  expenienced

ssmptomatic mtections. B shows the pattein typreal of

sera tfrom patients who sabsequently  expersenced
assmptomatic infections, PRNT S0 plaque re-
duction neairaiizaaon titer,

uters (1 10=-1:30) when tested in LLO-MK . cells.
an epithchoid cell line denived from monkey kid-
nevs. Because LLO-MK. cells lack Fe receptors,
assays on these cells selectively measure neu-
tralizing activity and not cnhancing activily,
One of the limitations of this report is that
viruses were not isolated from the schoolchildren
who became infected during the study period.,
DEN-2 virus is regularly associated with DHF
DSS in Bangkok. During the epidemic season
when sera were collected (1980). 73% of all iso-
lates from DHF DSS cases at Bangkok Chil-

dren’s Hospital were scrotype 2. 21% were se-
rotype 1. and serotypes 3 and 4 accounted for
the remainder.' The strain of virus used in the
enhancement assays (D6 16) was isolated from
the blood of a patient with DHF in Bangkok in
1980: it was therefore probably serotype- and
strain-homotypic with the viruses that infected
most of the study cases. We cannot exclude the
possibility that some of the study children were
infected by viruses other than serotype 2. Indeed.
preinfection sera from 2 of 9 symptomatic chil-
dren had high DEN-2 neutralizing activity: these
children may have been acutely infected by
DEN-1 instead of DEN-2 during the study pe-
riod. If these cases had been excluded from the
analysis. the association of secrum DEN-2 en-
hancing activity and sthsequent illness would
have been essenually perfect. Serum from 1 ad-
ditional symptomatic case lacked enhancing ac-
uvity as defined by a vield »2 SD above the
mean vield from cultures with nonimmune sera.
Nonctheless. this sera did produce a 3-fold great-
er vield than the mean of cultures with nonim-
mune sera.

It the results for DEN-2 ADE activity in sera
from children from Bangkok in 19801981 hold
tor other regions. then it may be possible to iden-
ufy prospective subjects who are at high risk for
DHF DSS. Localized populations in tropical re-
gions which are at high risk for DHF DSS can
be identified by mweasuring the prevalence of
DEN-2 ADE activity in undiluted serum. Pop-
ulations found to be at risk of epidemic DHF
DSS could then be protected by intensified mos-
quito control efforts. Similarly. sera from recip-
ients of candidate dengue vaccines should be
tested for serum DEN-2 ADE activity to deter-
mine 1if the vaceines have been rendered dengue
immune or placed at high risk of DHF DSS.

Acknoswledgments: Work by §.C Khks was pertormed
at the Walter Reed Army Institute of Research during
her tenure as @ postdoctoral research associate with the
National Rescarch Council. National Academy of Sci-
onees,

Authors’ addresses: Srisakul C. Kliks. Walter E. Brandt.
and Daonald S, Burke. Depariment of Virus Discase.
Walter Reed Army Insutute of Rescarch. Washington,
DO 20307, Ananda Nisalak. ULS, Component, Armed
Forces Research Institute of Medical Sciences. Rajvithi
Road. Bangkok. Thailand. Larny Wahl, Laboratory of
Microbiology and Immunology. National Institute of
Dental Rescarch, Bethesda, MDD 20892,




s

. De Madnid AT, Porterfield JS. 1974,

. Halstead SB. Porterfield JS. O'Rourke F1

DENGUE VIRUS GROWTH ENHANCING ANTIBODIES

REFERENCES

. Sabin AB. 1930, The dengue group of viruses and

1ts famuly relationships. Bacteriol Rev 14 225-
‘\z\

The tlavi-
viruses (group B oarboviruses): a cross-neuatral-
wvation study. J Gen Virol 230 91-96. Ul
4175677

. Halstead SB. Nimmanitva S. Cohen SN. 1978,

Observations related to pathogenesis of dengue
hemorrhagic fever. IV Relation of discase se-
verity to antbody response and virus recovered.
Yale J Biol Med 42: 311=328. UL70202473

Halstead SB. 1988, Pathogenesis of dengue: chal-
lenges 1o molecular brofogy. Scrence 239 476—
481 UERSR127003

Khks SC. Nimmamitva S, Nisalak AL Burke DS,
1988, Evidence that maternal dengue antibod-
s are important in the development of dengue
hemorrhagic fever i infants, o J Trop Med
Jhig 38 411419 ULRRIRIIT]

{980,
Frnhancement of dengue virus mfecnion in
monocyies by tlavivirus antisera. torJ rep
Ved Hiyg 20 638-642 180263352

Halstead SB. 1979 [n vivo enhancement at den-
gue virus intfection inoriesus monkeys by pas-
stvely transterred antibods. J Intecr Div 140
S2ITSARR ULs00T RSO

Burke DS, Nwalak A Johnson DE. Scott RAML
19NN A prospective study of dengue infections
in Bangkok (00 Lrop Med g 38 172-180
CEanidfang

. Burke DS, Nisalak. Nimmamitva S, 1983,

451

. Rosen L. Gubler D. 1974, The use of mosquitoes

to detect and propagate dengue viruses. 4 J
Trop Med Hyg 23 1153-1160. UL:75052644

0. Russell PK. Nisalak A. Sukhavachana P, Vivona

S. 1967, A plague reduction test for dengue
virus neutralizing antibodies. J Inumunol 99:
285-290. UL:67204503

. Brandt WE. McCown JM. Gentrs MK, Russell

PK. 1982. Infection enhancementofdengue type
2 virus 1n the U-937 human monocyte cell ine
by antibodies to flavivirus cross-reactive deter-
minants.  Iafect T 36 1036-1041. UL
822348158

. Eckels KH. Kliks SC. Dubois DR, Wahl L.M. Ban-

croft WH. 1985, The association of enhancing
antibodics with seroconversion in humans re-
ceiving a dengue-2 live-virus vacane., J Im-
ol 13532014203, ULB6060912

. Wahl SM., Katona IM, Stadler BM. Wiider RL.

Helsel WE, Wahl LML 1984, Isolation of human
mononuclear cell subsets by counterflow cen-
trifugal clutriation (CCE). 11, Functiona!l prop-
erties of B-lvmphocyvie-. T-hmphocyvte-, and
monocyte-enriched fractions. Cell Iinnmol 83
384-395. UL841807137

Intec-
tions with dengue virus serotypes 2 and 4 (but
not tvpe 1 and 3) are regularly associated with
anamestie seroresponses to flavivirus antigens
i Bangkok patients with hemorrhagie tever. Pang
I'. Patmanathan R, eds. Proceedings o the In
fcrnational Conterconce on Dengue Dongie
Hemorrhagie Fever. Kuala Lumpur: Universiy
of Malva. 400-308




