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ABSTRACT

Because most cases of secondary dengue virus infection
are associated with an increased level of platelet-associated IgG,
a high dose of intravenous immunoglobulin (IVIG) may have an
effect on the development of severe thrombocytopenia in this
disease. A randomized, controlled study was conducted with
two treatment groups consisting of a treatment (IVIG) group (n =
15) and a non-treatment (non-IVIG) group (n = 16) to determine
whether a high dose of IVIG is effective in hastening the recovery
from thrombocytopenia in patients with secondary dengue virus
infection. No significant difference was found in the baseline de-
mographic data between the two groups. No adverse effect of
IVIG was observed, but no effect in hastening the recovery of
platelet counts was found in patients with secondary dengue in-
fections. The lack of efficacy of IVIG suggests that platelet clear-
ance by macrophages through FcY receptors is not a primary
mechnism in this disease.
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INTRODUCTION

Dengue virus types 1-4 induce a wide spectrum of
clinical manifestations, including hemorrhagic
manifestations associated with thrombocytopenia

and increased vascular permeability. Secondary infections,
which are commonly observed in dengue-endemic areas,
are more likely to constitute a risk factor for dengue
hemorrhagic fever (DHF).' Although dengue virus-induced
bone marrow suppression decreases platelet synthesis, an
immune mechanism of thrombocytopenia resulting in
increased platelet destruction appears to be operative in
patients with DHF.2,3 This disease is now highly endemic
in more than 100 tropical countries, and the number of
cases has increased dramatically during the past three
decades." More than 1,000 deaths occur annually due to
DHF, and no specific treatment is currently available.

The high frequency of elevated platelet-associated
IgG (PalgG) in idiopathic thrombocytopenic purpura
(lTP) suggests that PAIgG is involved in the mechanisms
of thrombocytopenia.v' Platelets coated with IgG
autoantibodies, which form PAIgG, undergo accelerated
clearance through Fcy receptors that are expressed on
tissue macrophages. Intravenous immunoglobulin (IVIG)
is currently a widely accepted treatment option for ITP.
Therapeutic activity of lVIG in the amelioration of ITP
appears to involve the mechanism of competitive inhibition
of activating Fe y receptors on phagocytic macrophages in
the mononuclear phagocytic system by TVIG-sensitized
erythrocytes.' Recent studies demonstrated that the levels
of PAlgG levels were inversely correlated with platelet
count in patients in the acute, phase of secondary dengue
virus infections.v? An increased level of PAlgG was
observed in 73.8-80.8% of patients with secondary dengue
virus infection. These data indicate that the formation of
PAIgG in patients with secondary dengue virus infection
may result in thrombocytopenia due either to platelet
clearance by macrophages or to platelet lysis. This disease
can be classified as a dengue virus-induced ITP. It was
hypothesized, therefore, that Fe y receptor blockade by a
high dose ofIVIG might inhibit the development of severe
thrombocytopenia caused by secondary dengue virus
infection. A previous case report had suggested this effect
in a patient with dengue fever (DF).'O
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MATERlAL~ AND METHODS

Patients and study design. The present randomized,
controlled study was conducted to determine the efficacy of
a high dose ofIVIG in hastening the recovery of platelets or
inhibiting the development of severe thrombocytopenia in
patients with secondary dengue virus infection. Thrity-six
patients clinically suspected of being infected with dengue
virus who fulfilled the inclusion criteria were admitted and
enrolled in the study on the first day of admission (Day I)
to San Lazaro Hospital (Manila, The Philippines) between
October and November 2005. Dengue hemorrhagic fever
was diagnosed according to World Health Organization
(WHO) criteria. II There were two inclusion criteria
for these patients: I) an acute phase of dengue illness
(within 5 days after onset of illness) verified by the
particle agglutination test for dengue IgMI2 and 2) severe
thrombocytopenia (platelet count between 20,000 and
80,00(;/J.1L) without prominent manifestation of bleeding
or shock. The exclusion criterion was a present history
of platelet transfusion either before or after admission to
the hospital. The study was reviewed and approved by
the Bioethics Committees of San Lazaro Hospital and St.
Luke's Medical Center. Parents or guardians of all patients
provided written informed consent.

Of the patients enrolled, 34 were confirmed to be
infected with the dengue virus infected on the basis
of a positive result by IgM-capture enzyme-linked
immunosorbent assay or reverse transcription-polymerase
chain reaction.P:" Three patients were diagnosed as
having primary infections, and 31 patients were diagnosed
as having secondary infections by a hemagglutination
inhibition test." Laboratory tests were conducted at St.
Luke's Medical Center (Quezon City, The Philippines).
Enrolled patients with secondary infections were randomly
assigned to the IVIG group and non-JVIG treatment groups
by means of sealed envelopes.

Treatment with IVIG. Human immunoglobulin
(2.5g/vial, Gammamune; Bayer Health Care, Brea, CA)
at a dose of 0.4 g/kg/day was given intravenously to each
patient in the IVTG group intravenously at a constant rate
of 0.1 g/kg/hour on Day 2, and was continued each day
until the fourth day after admission (Day 4) for three days.
The dose and frequency of IVIG in this study was chosen
on the basis of previous investigations of IVIG to treat
ITP.16,17 Standard treatment including intravenous fluids
was given to all patients, regardless of group assignment,
according to WHO guidelines. II

Evaluation. To determine the effects of a high dose
of IVIG, patients in both groups were requested to remain
hospitalized until the seventh day after admission (Day
7). The primary measure of efficacy was an increase in
platelets. Platelet counts in patients of both groups were
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monitored daily during -hospitalization (Days 1-7) and
three days after discharge (Day 10) at an outpatient clinic.
The target sample size could not be estimated for this
study because no previous studies had determined the
effects of IVIG on the thrombocytopenia during acute
dengue virus infection. An interim target sample size of
30 was chosen to ensure that there would be at least a 70%
chance for detecting a difference of 40% (100% versus
60%), with one-sided alpha level of 0.05, in the frequency
of platelet counts higher than 80,000/J.1L on the fourth day
after admission in patients with dengue illness and a low
platelet count between 20,000 and 80,000/J.1L.8,9

Statistical analysis. All the data are expressed as the
mean ± SD. Differences in the demographic and clinical
data between the IVIG group and non-IVIG groups were
tested using either a chi-square test or a Fisher's exact
test for nominal variables. Differences in laboratory data
between the IVIG and non-TVIG groups were analyzed
using a Student's z-test for continuous variables. A P value
less than 0.05 was considered significant.

RESULTS

Demographic data. Thirty-one patients with
secondary infection were randomized to either the IVIG
group (n = 15) or the non-IVTG group (n = 16) (Table 1).
Ten DF cases and 5 DHF cases (1 DHF I and 4 DHF II)
were assigned to the IVIG group, and 9 DF cases and 7
DHF cases (6 DHF II and I DHF III) were assigned to
the non-IVIG group. The increase in the hematocrit (mean
± SD) was significantly greater in DHF patients than
in DF patients for both treatment groups (30.0 ± 6.3%
versus 13.8 ± 5.3% in the IVIG group and 29.9 ± 12.9%

TABLE 1. Comparison of clinical features of patients with
secondary dengue virus infection between the IVIG group

and the non-IVIG group'

Group

IVIG Non-IVIG
Parameter (n = 15) (n = 16) P

Mean age, years (SO) 16.3 (3.6) 14.3 (3.4) 0.108
Male % 53.3 43.8 0.594
Mean body weight, kg (SO) 37.8(10.6) 37.3(8.7) 0.891
Days after onset (SO) 3.9(0.6) 3.7(1.1 ) 0.462
Laboratory data on Day 1
Mean platelet count,

X103/\..1L(SO) 54.9(12.7) 48.0(13.1 ) 0.147
Mean AST. U/L (SO) 129.1(130.5) 124.0(69.5) 0.893
Mean ALT. U/L (SO) 100.6(105.2) 59.5(31.5) 0.146

Days of severe
thrombocytopenia (SO) 3.1(1.0) 2.5(0.8) 0.11

*IVIG - intravenous immunoglobulin: AST - aspartate aminotransferase: ALT - ala-
nine aminotransferase. Period of severe thrombocytopenia indicates the days of plate-
let count between 20,000 and 80,000/~L.
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versus 8.9 ± 4.4% in the non-IVIG group; P < 0.00 I).
No significant differences were found between the two
groups with respect to demographic and laboratory data
including peripheral platelet count and levels of aspartate
aminotransferase and alanine aminotransferase at Day I:

Treatment with IVIG. Because the lowest platelet
counts were found on Day 2, the recovery phase, but not
the phase of development for severe thrombocytopenia,
was evaluated in these patients (Figure I). Although

.patients who received IVIG were carefully monitored
for adverse events, none were observed in patients in this
group either during or after treatment. Despite treatment
with a high dose of IVTG, no significant change in the
platelet counts between Day 2 (day of initiation of IVIG
treatment) and Day 7 was observed in either treatment
group. Likewise, no difference was found in the duration of
severe thrombocytopenia between the IVIG and non-IVIG
groups (Table 1). No significant difference was found in
platelet counts in the DF and DHF subgroups between the
IVIG and the non-IVIG groups during the same period.

Levels of PAIgG also were examined in patients in
both groups on Days 2, 5, and 10. The PAIgG levels (mean
± SD ng/Iu? platelets) increased from baseline on Day 2 in
both the IVIG and non-IVIG groups (24.5 ± 15 versus 33.8
± 28.6), decreased on Day 5 (18.5 ± 8.4 versus 13.7 ± 5.2),
and returned to normal levels (1l.0 ± 7.8 versus 8.7 ± 3.7)
on Day 10, which is consistent with our previous findings."
No significant difference was found in levels of PAIgG in
patients in the IVIG group and the non-IVIG group.

DISCUSSION

Although the patients were enrolled in an early
phase of the illness (less than 4 days after onset), the
effect of IVIG on recovery of platelet count could be
evaluated but the inhibitory effect on the development
of thrombocytopenia could not evaluated. No adverse
effect of IVIG was noted, but there was no shortening
of the time for platelet counts to return to normal levels
in patients with secondary dengue infections. Because
a rapid recovery of platelet counts is typically found in
most patients with severe thrombocytopenia, no additional
management of hemostatic abnormalities, including a high
dose ofIVIG, is required for such patients.

Our group recently developed an in vitro of assay
phagocytosis of human platelets using flow cytometry.
With this assay, it was shown that phagocytosis of platelets
from patients with secondary infections by macrophages
is significantly increased compared with that of platelets
from healthy control subjects (Oishi et aI., unpublished
data). These data suggest that platelet clearance by
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FIGURE 1. Comparison of platelet counts in patients with second-
ary dengue virus infections receiving a high dose of intravenous
immunoglobulin (IVIG) and intravenous fluids (closed Circle) and
patients receiving intravenous fluids alone (open circle). The IVIG
at a dose of 0.4 g/kg/day was given to each patient In the IVIG
group on the second, third, and fourth day after hospital admini-
sion.

macrophages plays a role in thrombocytopenia in this
disease. Collectively, the lack of efficacy of IVIG in
treating severe thrombocytopenia in secondary dengue
virus infection shown in this study suggests that platelet
clearance by macrophages through Fe y receptors is not
a primary mechanism of thrombocytopenia in secondary
dengue virus infection. Other immune mechanisms in this
disease may involve platelet clearance by macrophages
through complement receptor 3 (CR3) and complement-
mediated platelet lysis because complement activation
mediated by circulating viral antigen is involved in the
pathogenesis of this disease.v"

Alternatively, de Castro and others recently
conducted a pilot study to determine whether anti-D (Rho
D) immunoglobulin treatment, which resulted in a platelet
increase of more than 70% in Rh+ non-splenectomised
patients with ITP, was effective in increasing platelet counts
among pediatric and adult patients with dengue illness.'?
Anti-D immunoglobulin also facilitates immune-mediated
clearance of antibody-coated erythrocytes and spares
sensitized platelets because of preferential destruction
of erythrocytes by the mononuclear phagocytic system
in ITP.7,20Although de Castro and others demonstrated
a trend toward higher counts after treatment with anti-D
immunoglobulin among such patients, there was no
significant difference in the kinetics of platelet counts
between pediatric and adult patients with dengue virus
infection who received anti-D immunoglobulin and those
who received placebo. 19

In conclusion, the present study demonstrated a
lack of efficacy for a high dose of IVIG in hastening the
recovery of platelet counts in patients with secondary
dengue virus infection. These data suggest that platelet
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clearance by macrophages through Fe y receptors is not
a primary mechanism of thrombocytopenia in secondary
dengue virus infection. Further studies are required to
identify the immune mechanisms of thrombocytopenia in
secondary dengue virus infection.
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ABSTRACT

Antigen detection by sandwich ELISA was evaluated to predict
RT-PCR detection of dengue viral genome in infected culture fluid
of Aedes albopictus clone C6/36 cells. Serum specimens collected
from dengue patients within five days from onset of fever in two
hospitals in Metro Manila, Philippines, were inoculated into C6/36
cells and incubated at 28°C. A total of 282 infected culture fluid
specimens were harvested and examined by sandwich ELISA and
RT-PCR to detect dengue viral antigen and genome, respectively.
In the sandwich ELISA, the PIN ratio was calculated by dividing
optical density (00) of a given test specimen by the 00 of the
standard negative specimen. Samples with a PIN ratio> 4.001
were positive for viral genome detection by RT-PCR The sensitiv-
ity and specificity of antigen sandwich ELISA with RT-PCR as the
standard were 90.4% and 100%, respectively. Although antigen
sandwich ELISA is less sensitive than RT-PCR, its usefulness lies
in its capability to screen a large number of samples at a minimum
cost, especially during an outbreak. Samples that meet a set cutoff
value can undergq, confirmation by RT-PCR for further epidemio-
logical studies.
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INTRODUCTION

Dengue virus, a mosquito-borne flavivirus, is the
causative agent of dengue fever (DF), dengue
hemorrhagic fever (DHF), and dengue shock

syndrome. There are four serologically related but anti-
genically distinct serotypes of the virus, namely DEN -I,
DEN-2, DEN-3, and DEN-4. These viruses possess a
single-stranded, positive-sense RNA genome and can be
propagated in a wide range of host cells, including those
of mammalian and insect origin (Henchal and Putnak,
1990). A high virus-yielding clone C6/36 was isolated
from an Aedes albopictus cell line (Igarashi, 1978), and
has been widely used to isolate dengue virus from patient
serum specimens (Igarashi et al., 1982; Gubler et al., 1984;
Roche et al., 2000). Dengue viruses replicate in infected
C6/36 cells, are released into the culture fluid, and undergo
multiple cycles of replication.

Successful virus isolation is important for several rea-
sons. It is the most accurate method to identity the infecting
virus since most of the serologic tests used in the diagnostic
laboratory are not reliably type-specific (Vomdam and
Kuno, 1997). In the case of dengue virus, determination
of serotype can be conveniently done after virus propaga-
tion in C6/36 cells. Furthermore, characterization of viral
genomes and genetic analysis for epidemiological studies
make use of viral RNA isolated from infected culture fluid.
RT-PCR of the viral genes provides an invaluable tool for
rapid analysis.

Although RT-PCR is rapid and powerful tool for den-
gue virus analysis, it is expensive and requires technical
expertise. Thus, the objective of the present study was to
evaluate if antigen sandwich ELISA, a more economical
and simpler technique, can predict the outcome of viral
genome detection by RT-PCR using infected culture fluid
(ICF) from infected C6/36 cells. This was done by obtain-
ing the PIN ratios from the ELISA-OD ofthe test (Infected
culture fluid) and standard negative (uninfected culture
fluid) specimens.
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MATERIALS AND METHODS

Infected culture fluids
Two hundred eighty-two available ICFs were used

for antigen sandwich ELISA and RT-PCR. These were
prepared from serum samples of232 clinically diagnosed
dengue patients admitted from April to November 1995
at San Lazaro Hospital and St. Luke's Medical Center in
Metro Manila, Philippines. Serum samples were taken
within 5 days of the onset offever and were aliquoted and
stored at -86°C until use.

Aedes albopictus C6/36 cells were grown to confluence
in 2mL of Eagle's medium in Earle's saline supplemented
with 0.2 mM each of non-essential amino acids and 10%
heat-inactivated fetal bovine serum (FBS). After three
days of incubation at 28°C, 10 ul, of patient serum was
inoculated with a two hour adsorption. Then, 2 mL of
maintenance medium (same medium as above but with 2%
FBS) was added to each culture tube. Infected culture fluid
(ICF) was harvested after one week and stored at -86°C
until used for antigen sandwich ELISA and RT-PCR. In
some cases, after collection of ICF from culture tubes,
some ICF were used as inocula to further propagate the
virus for one more week in C6/36 cells.

Antigen sandwich ELISA
Viral antigen present in the ICF was detected by

micro-sandwich ELISA following the method of Voller
et at. (1976). Each of the 96 flat-bottom wells on a mi-
croplate was coated with 100 ul, of antiflavivirus IgG (20
ug/ml. in coating buffer) overnight at 4°C. This antibody
was prepared from high-titered dengue patient sera by
chromatography on a DEAE Sephacel column (Pharma-
cia, Sweden). The plates were washed with PBS- Tween
(0.05% Tween 20 in phosphate-buffered saline, pH 7.4)
three times at 3-minute intervals. One hundred microliters
of ICF and the standard negative specimen were pipetted
into duplicate wells and incubated at 37°C for 1 h. The
plates were washed as above, and each well was reacted
with 100 ul,of 400 times diluted in-house prepared horse-
radish peroxidase (HRPO)-conjugated antiflavivirus IgG
in PBS- Tween. The plates were washed as above, and the
color reaction was carried out by adding 100 ul,of substrate
solution [0.5mg/mL a-phenylenediamine di~ydrochloride
(OPD) and 0.02% of HP2 in 0.05 M citrate phosphate
buffer, pH 5]. After one hour of incubation in the dark at
room temperature, the reaction was stopped by adding 100
ul,of 1 N sulfuric acid to each well. The optical density at
450 nm wavelength (Ol) 450) on each well was measured by
an ELISA reader with 620 nm as a reference wavelength.
Optical density obtained from infected culture fluid (P)
was divided by the Ol) of the uninfected culture fluid (N),
which served as a negative control. The PIN ratios were
then correlated with the results of the RT-PCR.
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Reverse transcription-polymerase chain reaction
The rapid RT-PCR protocol of Morita et at. (1991)

was used to detect dengue viral genome from the ICF
without prior RNA extraction. The primers used were the
universal dengue virus primers YF3-DENS (5'-TGGAT-
GACCACTGAAGATATGCT-3') and DEN 3'UR (5'-
GGAGCTACAGGCTGCACGGTTT - 3 ') (Chanyasanha
et al., 1995). Five microliters ofICF were incubated with
an equal volume of detergent mix [1% Nonidet P-40, 10
U of RNase inhibitor (Takara, Kyoto, Japan) in phosphate-
buffered saline] in a 500 ul, Eppendorftube for one minute
at room temperature to release viral RNA from the virus
particles. This was followed by adding 90 ul, ofRT-PCR
mix [100 pmol of each primer, 0.2 mM dNTPs, 10 mM Tris
(pH 8.9), 1.5 mM MgCI2, 80 mM KCI, 0.5 mg/mL ofBSA,
0.1% sodium cholate, 0.1% Triton X-I00, 10 U of avian
myeloblastosis reverse transcriptase (Life Science, USA),
and 2 U of thermostable Tth DNA polymerase (Toyobo,
Osaka, Japan)]. The reaction mixture was covered with
two drops of mineral oil, and the tube was incubated for
10 minutes at 53°C for the first strand reverse transcription
reaction. Then, PCR amplification (denaturation at 92 °C
for 60 s, annealing at 53°C for 60 s, and extension at 72
°C for 60 s) by thermal cycler (Iwaki Tokyo, Japan) was
started immediately and repeated 35 times. Five microli-
ters ofPCR product (438-bp fragment) were subjected to
agarose gel electrophoresis, and amplified DNA fragments
were visualized by ethidium bromide staining.

RESULTS

A total of 282 infected culture fluid samples with the
original inocula coming from 232 patients were used in
the present study. The results of antigen sandwich ELISA
and RT-PCR performed on the 282 infected culture fluid
samples are given in Table 1. All 47 samples (100%) with
PIN ratios ~ 4.001 were positive for RT-PCR. For this
group, the lowest PIN ratio obtained was 4.08, while the
highest was 20.658. A1135 samples (100%) with PIN ratios
:s 1,000 were negative by RT-PCR. The highest ratio in this
group was 1,000, and the lowest was 0.585. In the groups
of samples with a PIN ratio between 1.000 to 2.000, 2.000
to 3.000, and 3.000 to 4.000, the percentages positive by
PCR correspondingly increased with increasing PIN ratios
as follows: 0.77% (1.001 < 2.000),4.92% (2.001 ~3.000)
and 11.11% (3.001 :s 4,000). Based on these data, samples
with a PIN ratio ~ 4.001 were 100% positive.

If a PIN ratio ~ 4.001 is set as the cutoff value for
positive detection of dengue virus, the sensitivity and
specificity of the antigen sandwich ELISA using RT-PCR
as the standard were 90.4% and 100%, respectively (Table
2).



ST. LUKE'S JOURNAL OF MEDICINE

.
TABLE 1.•CORRELATION OF PIN VALUES FROM ANTIGEN SANDWICH ELISA WITH RT-PCR RESULTS.

Antigen sandwich ELISA No. of RT-PCR % of positive

Range of P/Na ICFs (+) (- ) samples

4.001.:::P/N.:::21.000 47 47 0 100.0
3.001.:::P/N.:::4.000 9 1 8 11.1

2.001.:::P/N.:::3.000 61 3 58 4.9

1.001.:::P/Ng.000 130 1 129 0.8
0.001.:::P/N.:::1.000 35 0 35 0.0

Total 282 52 230

ap/N is the ratio of the optical density of the infected culture fluid (P or test sample) to the optical density of the uninfected culture fluid (N
or negative control).

TABLE 2. COMPARISON OF RESULTS OF ANTIGEN SANDWICH ELISA WITH RT-PCRAS STANDARD.

RT-PCR

Positive Negative Total

Antigen sandwich ELISA Positive PIN ~ 4.001

Negative PIN.::: 4.000

Total

47

5
52

o
230

230

47

235

282

Sensitivity: 47/52 x 100 = 90.4%; Specificity: 230/230 x 100 = 100%

DISCUSSION

In this study, serum samples were collected from 232
clinically diagnosed dengue patients within 0-5 days from
the onset offever. All 232 serum samples were inoculated
into C6/36 Aedes albopictus cells to culture for dengue
virus. This yielded a total of 282 infected culture fluids.
The additional 50 (282 less 232) ICFs came from using
the first rCF refers to the culture fluid that was collected
after one week of incubation.

All 282 ICFs were subjected to antigen sandwich
ELISA and the values of the PIN ratio were determined.

Regardless of the results of the ELISA, the same
samples were subjected to RT-PCR, which was used as
the gold standard for the presence of the virus. Fifty-two
out of282 ICFs were positive by RT-PCR ..These positive
ICFs came from only 25 patients, which means there were
either 1,2, or 3 ICFs derived from a single positive case.

These two methods that detect either the presence of
virus (RT-PCR) or the antigen (ELISA) were used in the
present study to correlate dengue virus detection rates from
infected C6/36 cell culture fluids. We determined a specific
cutoff value for the PIN ratio from antigen sandwich ELISA
to predict a positive result on RT-PCR. When we set the
cutoff value of the PIN to be greater than or equal to 4.001,
the detection rate by RT-PCR was 100%. Our results show
that all 47 samples with PIN ratios? 4.001 were positive
on RT-PCR. In contrast, only 5 of 235 samples with PIN
ratios c 4.000 were positive on RT-PCR.

Chanyasanha et at. (1995) compared detection of
dengue virus in 162 culture fluid samples after 7 days of
incubation with patient sera using three different strate-
gies, namely; RT-PCR for viral genome, antigen sandwich
ELISA for viral antigen, or inoculation ofBHK-21 cells
for infectious virus. Their results showed the positivity rate
was highest using RT-PCR (13/162 or 8.02%), followed
by the immunoperoxidase staining ofthe infected BHK-21
cells (8/162 or 4.93%), then the antigen sandwich ELISA
(5/162 or 3.09%). In their study, the PIN ratio for positive
detection was equal to or greater than 1.5.

In the present study, the sensitivity of antigen sandwich
ELISA using RT-PCR as the gold standard was 90.4%
while its specificity was 100%. It is advantageous to use
antigen sandwich ELISA to predict true positive cases
specially for epidemiological studies during outbreaks
since it can be used to screen a large number of samples
at a minimum cost. Only those samples that meet a set
cutoff PIN value need to undergo further confirmation by
RT-PCR.
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