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SUMMARY

 

Severe thrombocytopenia and increased vascular permeability are two major characteristics of dengue
haemorrhagic fever (DHF). To develop a better understanding of the roles of platelet-associated IgG
(PAIgG) and IgM (PAIgM) in inducing thrombocytopenia and its severity of disease in patients with
secondary dengue virus infection, the relationship between the PAIgG or PAIgM levels and disease
severity as well as thrombocytopenia was examined in 78 patients with acute phase secondary infection
in a prospective hospital-based study. The decrease in platelet count during the acute phase recovered
significantly during the convalescent phase. In contrast, the increased levels of PAIgG or PAIgM that
occurred during the acute phase of these patients decreased significantly  during the convalescent phase.
An inverse correlation between platelet count and PAIgG or PAIgM levels was found in these patients.
Anti-dengue virus IgG and IgM activity was found in platelet eluates from 10 patients in an acute phase
of secondary infection. Increased levels of PAIgG or PAIgM were significantly higher in DHF than
those in dengue fever (DF). An increased level of PAIgM was associated independently with the devel-
opment of DHF, representing a possible predictor of DHF with a high specificity. Our present data sug-
gest that platelet-associated immunoglobulins involving antidengue virus activity play a pivotal role in
the induction of thrombocytopenia and the severity of the disease in secondary dengue virus infections.
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INTRODUCTION

 

The dengue virus, a mosquito-borne human viral pathogen, is rec-
ognized increasingly as a major public health issue in tropical and
subtropical countries, particularly in urban and peri-urban areas
[1]. Approximately 2·5 billion people in more than 100 countries
are currently at risk of infection, with an estimated 50 million
infections per year [2]. The four serotypes of dengue virus induce
a wide spectrum of clinical manifestations, which are associated
frequently with haemorrhagic diathesis [3]. While dengue fever
(DF) is a self-limited febrile illness, dengue haemorrhagic fever
(DHF) is characterized by prominent haemorrhagic manifesta-
tions associated with thrombocytopenia and an increased vascular
permeability. Secondary infections, which are observed

commonly in the dengue-endemic areas, are more likely to con-
stitute a risk factor for DHF [4–6].

While dengue virus-induced bone marrow suppression
decreases platelet synthesis [7], an immune mechanism of throm-
bocytopenia due to increased platelet destruction appears to be
operative in patients with DHF [8,9]. An increased level of PAIgG
is observed frequently in patients with chronic idiopathic throm-
bocytopenic purpura (ITP), but is also found in a variety of dis-
eases [10–12]. Although virus-associated ITP such as human
herpesvirus 6 infection has also been recognized [13–15], the asso-
ciation of increased levels of PAIgG and the mechanisms of
PAIgG-mediated thrombocytopenia has been poorly examined in
these viral infections.

We demonstrated recently an inverse correlation between the
levels of platelet-associated IgG (PAIgG) and platelet count dur-
ing the acute phase of secondary dengue infections [16]. The cir-
culating antiplatelet autoantibody was rarely detected in this
study. We speculated that immune complexes of the dengue virus
with antidengue virus IgG antibodies are located on the platelet
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via the direct binding of the dengue virus to platelets [17]. The
findings shown in this study suggest that PAIgG formation involv-
ing antidengue virus IgG plays an important role in inducing
thrombocytopenia in secondary infections.

Because thrombocytopenia is more prominent in DHF than
in DF [3], we hypothesized that the increased level of PAIgG
might be associated with the severity of the disease as well as
thrombocytopenia. In addition, the role of platelet-associated
IgM (PAIgM) remains uncertain in this disease, although the level
of antidengue virus IgM is also elevated in the sera of patients
with secondary infections [18]. In this study, we therefore report
on a prospective hospital-based study to examine whether the lev-
els of PAIgG or PAIgM correlated with the disease severity as
well as thrombocytopenia in patients with secondary infections.
We demonstrate here the possible role of platelet-associated
immunoglobulins in the development of thrombocytopenia and
disease severity in secondary dengue virus infections.

 

MATERIALS AND METHODS

 

Patients and study design

 

One hundred and thirty-five patients clinically suspected of hav-
ing a dengue virus infection were enrolled at San Lazaro Hospital
between September 2002 and November 2003. Of these subjects,
102 patients were diagnosed with the acute phase of dengue virus
infection (3–7 days after the onset of illness) as evidenced by IgM-
capture enzyme-linked immunosorbent assay (ELISA) or reverse
transcription-polymerase chain reaction (RT-PCR) [19,20]. Of
these patients, 97 were diagnosed with the acute phase of a sec-
ondary dengue infection (3–7 days after the onset of illness) by a
haemagglutination inhibition (HI) test. Five were diagnosed as
having a primary dengue infections by the HI test. Among 97
patients with a secondary dengue infection, we evaluated 78
patients who were examined for platelet count and PAIgG and
PAIgM levels at the time of enrolment (acute phase) and 4 days
after the first test (convalescent phase) in this study. The levels of
PAIgM were not determined in three samples in the acute phase
and one sample in the convalescent phase because of the insuffi-
cient volume obtained. Forty-three age-matched healthy volun-
teers were also enrolled as control subjects at St Luke’s Medical
Center during the same period, and were examined for the IgM
capture ELISA for the dengue virus, platelet count, PAIgG and
PAIgM levels at the time of enrolment. EDTA blood was drawn
from patients and healthy volunteers for these tests. The platelet
count was determined with an automatic haemocytometer. DHF
was diagnosed by World Health Organization (WHO) criteria; a
platelet count nadir of less than 100 000/

 

m

 

l, haemorrhagic mani-
festations and an increase in haematocrit equal to or greater than
20% above the average of age group or the presence of pleural
effusion or ascites fluid [21]. Cases of DHF were further graded as
I–IV. DF was defined as an increase in haematocrit of less than
20% and no detectable pleural effusion on the right lateral decu-
bitus chest radiograph [22].

The study protocol was approved by the Bioethics Committee
of San Lazaro Hospital and the St Luke’s Medical Center. Parents
or guardians of all patients and healthy volunteers provided writ-
ten informed consent.

 

HI test

 

An HI test was performed using a paired plasma sample with an
interval longer than 7 days by the method of Clarke and Casals

[23]. Four haemagglutinating units of dengue-1 (99 St-12 A
strain), dengue 2 (00St-22 A strain), dengue-3 (SLMC 50 strain)
and dengue-4 (SLMC 318 strain) acetone-extracted antigens were
used in this test. When an HI titre 

 

≥

 

1 : 2560 in plasma from the
patient with acute or convalescent phase was found, the case was
considered to be a secondary infection [21].

 

Competitive ELISA for PAIgG and PAIgM

 

The wells of flat-bottomed 96-well microtitre polystyrene plates
were coated previously with 400 ng/well of standard human IgG
(Inter-Cell Technologies, Inc., NJ, USA) or human IgM (Chemi-
con International, CA, USA). Fifty 

 

m

 

l of a platelet sample at an
appropriate concentration (5–20 

 

¥

 

 10

 

4

 

 cells/

 

m

 

l) or standard human
IgG or human IgM, and 50 

 

m

 

l of 1 : 10 000 diluted horseradish per-
oxidase conjugated antihuman IgG Fc antibody (goat IgG, F(ab)

 

¢

 

2

 

fraction, ICN Pharmaceuticals., OH, USA) or 1 : 3750 diluted
horseradish peroxidase conjugated antihuman IgM Fc antibody
(goat IgM, F(ab)

 

¢

 

2

 

 fraction, ICN Pharmaceuticals) was added to
the wells of flat-bottomed 96-well microtitre polystyrene plates,
and then incubated at 37

 

∞

 

C for 2 h. Substrate solution (

 

o

 

-
phenylenediamine dihydrochloride) was added, followed by a 15-
min incubation. After adding 2 N H

 

2

 

SO

 

4

 

, the optical density (OD)
at 492 nm was read. PAIgG or PAIgM values were recorded as the
IgG or the IgM values per 10

 

7

 

 platelet counts (ng/10

 

7

 

 platelets).

 

Anti-dengue virus IgG or IgM activity in the eluted 
platelet samples

 

Platelets were separated from plasma samples from 10 patients
during the acute phase of a secondary infection (eight patients
with DF and two patients with DHF) and six healthy volunteers,
who were enrolled at San Lazaro Hospital and St Luke’s Medical
Center on October, 2001, respectively [16], and antibodies were
eluted from the separated platelets as described previously [24].
The eluate was dialysed against phosphate buffered saline (PBS)
at 4

 

∞

 

C overnight, and concentrated to a final volume of 1 ml con-
taining 3 

 

¥

 

 10

 

9

 

 platelets by a concentrator. These samples were
stored at 

 

-

 

80

 

∞

 

C until used. The IgG or IgM indirect ELISA for
detecting antidengue virus antigens in the eluates of platelet sam-
ples was carried out using 96-well flat-bottomed microplates that
had been coated previously with 100 

 

m

 

l of a dengue virus antigen
mixture (2·5 

 

m

 

g/ml) [16]. The dengue virus antigen mixture con-
sisting of dengue virus types 1, 2, 3 and 4 antigen (each 0·625 

 

m

 

g/
ml) was provided by Kurosawa Y (Pentax Co., Ltd, Japan). Den-
gue type 1 (Hawaii strain), type 2 (ThNH7/93 strain), type 3
(PhNH4/84) and type 4 (CT93-158) viruses were used for antigen
preparation. After washing the plate, 50 

 

m

 

l of the undiluted elu-
ates were added to duplicate wells, followed by incubation at
room temperature for 30 min. The plate was washed, and then
reacted with 100 

 

m

 

l of alkaline phosphatase-conjugated antihu-
man IgG goat serum (1 : 5000 dilution; Biosource International,
Camarillo, CA, USA) or antihuman IgM goat serum (1 : 2500
dilution, Biosource International). Finally, the OD at 405 nm was
then measured.

 

Statistical analysis

 

All data are expressed as the mean 

 

±

 

s.d. Platelet counts, PAIgG
and PAIgM levels during the period between the acute and con-
valescent phase were tested by the Wilcoxon signed-rank test. The
levels of PAIgG, PAIgM and the platelet count between healthy
volunteers and patients with dengue virus infections and between
patients with DF and DHF were analysed by the Mann–Whitney
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-test. A multivariate logistic regression was used to assess the
association of PAIgG, PAIgM and the platelet count on the sever-
ity of the disease. The significance of the correlations was esti-
mated using Spearman’s rank correlation. 

 

P

 

 

 

<

 

 0·05 was
considered to be significant. Statistical software, 

 

SPSS

 

 version 10·0
(SPSS Inc., IL, USA) was used for the data analysis.

 

RESULTS

 

Of the 78 patients with secondary dengue virus infections, 40 and
38, respectively, were diagnosed as DF and DHF. Thirty-eight
patients with DHF were classified further into DHF I (

 

n

 

 

 

=

 

 9) and
DHF II (

 

n

 

 

 

=

 

 29). These patients with DHF were therefore free of
shock. A significant difference was found in platelet count,
PAIgG and PAIgM levels (

 

P

 

 

 

<

 

 0·001) between patients in the
acute phase of a secondary infection and age-matched healthy
volunteers (Table 1). A significant difference in the maximum
percentage of haematocrit increase (

 

P

 

 

 

<

 

 0·001), PAIgG level
(

 

P

 

 

 

<

 

 0·01) and PAIgM level (

 

P

 

 

 

<

 

 0·001) was found between
patients with DF and DHF, while no significant difference was
found in age, days after onset and platelet count between these
two groups. A weak but a significant correlation was found
between the platelet count and the level of PAIgG among the
total 78 patients with a secondary dengue virus infection at the
time of enrolment, consistent with our findings (

 

r

 

 

 

=

 

 

 

-

 

0·256,

 

P

 

 

 

=

 

 0·023, Fig. 1a) [16]. A weak correlation was also found
between the platelet count and PAIgM levels among these
patients at the time of enrolment (

 

r

 

 

 

=

 

 

 

-

 

0·231, 

 

P

 

 

 

=

 

 0·046; Fig. 1b).
The changes in platelet counts and PAIgG or PAIgM were com-
pared in 78 patients with a secondary infection in the period
between the acute and convalescent phases. The low baseline
platelet counts during the acute phase (47·9 

 

±

 

 34·6 

 

¥

 

 10

 

3

 

/

 

m

 

l)
increased significantly and recovered to a normal range during
the convalescent phase (259·5 

 

±

 

 112·7 

 

¥

 

 10

 

3

 

/

 

m

 

l; 

 

P

 

 

 

<

 

 0·001, Fig. 2a)
in these patients. In contrast, the increased baseline PAIgG
(30·9 

 

±

 

 23·1 ng/10

 

7

 

 platelet) or PAIgM levels (17·5 

 

±

 

 20·4 ng/10

 

7

 

platelet) during the acute phase decreased significantly, and
returned to a normal level (13·3 

 

±

 

 7·7 ng/10

 

7

 

 platelet for PAIgG,
9·7 

 

±

 

 7·6 ng/10

 

7

 

 platelet for PAIgM) during the convalescent
phase in the same subjects (

 

P

 

 

 

<

 

 0·001 for PAIgG, Fig. 2b;

 

P

 

 

 

<

 

 0·001 for PAIgM, Fig. 2c).
The levels of antidengue virus IgG or IgM were determined in

eluates of the platelet samples. The OD at 405 nm for the anti-
dengue virus IgG and IgM in eluates from six healthy volunteers
were 0·20 

 

±

 

 0·10 and 0·09 

 

±

 

 0·05, respectively. In contrast, an
increased activity of antidengue virus IgG or IgM was found in
eluates from patients in the acute phase of a secondary infection

(OD at 405 nm; 1·54 

 

±

 

 0·35 for antidengue virus IgG, 0·35 

 

±

 

 0·20
for antidengue virus IgM).

We next examined whether the level of PAIgG or PAIgM cor-
related directly with the haematocrit increase, which is a critical
indicator of vascular permeability, in patients in the acute phase
of a secondary infection. No significant correlation was found
between the level of PAIgG and the percentage increase in hae-
matocrit (

 

n

 

 

 

=

 

 78, 

 

r

 

 

 

=

 

 0·057, 

 

P

 

 

 

>

 

 0·05). Although a weak correlation
was found between the level of PAIgM and the percentage
increase in haematocrit (

 

n

 

 

 

=

 

 75, 

 

r

 

 

 

=

 

 0·23, 

 

P

 

 

 

=

 

 0·045), no significant
correlation was found between these two parameters in patients
with DF (

 

n

 

 

 

=

 

 38, 

 

r

 

 

 

=

 

 

 

-

 

0·13, 

 

P

 

 

 

>

 

 0·05) and in patients with DHF
(

 

n

 

 

 

=

 

 37, 

 

r

 

 

 

=

 

 

 

-

 

0·31, 

 

P

 

 

 

>

 

 0·05). A logistic regression, however, dem-
onstrated that the PAIgM was associated independently with
DHF among the parameters of PAIgG, PAIgM and platelet count
(P < 0·01). A level of PAIgM higher than 20 ng/107 platelets dur-
ing the acute phase of a secondary infection was a predictor of the
subsequent development of DHF with a sensitivity of 48·6% (18/
37) and a specificity of 92·1% (35/38) (Fig. 3).

DISCUSSION

In this paper, we have demonstrated that the levels of PAIgM as
well as PAIgG are correlated significantly with platelet count in
the acute phase of secondary dengue virus infections. PAIgG and
PAIgM levels were both significantly higher in the acute phase
than in the convalescent phase. The changes in PAIgM levels were
found to be similar to the levels of PAIgG during the acute and
convalescent phases. We also found an increased activity of anti-
dengue virus IgM as well as antidengue virus IgG in eluates from
patients in the acute phase of a secondary infection, although the

Table 1. Laboratory data on patients with acute phase of secondary dengue virus infection and healthy volunteers

Diagnosis (n) Age (years) Days after onset
% increase

in haematocrit
Platelet count,

¥103/ml
PAIgG,

ng/107 platelets
PAIgM, 

ng/107 platelets

HV (43) 17·3 – – 273·0 (53·4) 6·4 (4·2) 4·2 (3·8)
DV infection (78) 18·2 (5·9) 5·9 (1·0) 19·6 (9·8) 47·9 (34·6)* 30·9 (23·1)* 17·5 (20·4)*
DF (40) 17·6 (5·3) 6·1 (1·1) 12·4 (6·2) 51·1 (37·2) 25·0 (18·4) 10·3 (11·9)
DHF (38) 18·9 (6·4) 5·7 (0·9) 27·3 (6·6)** 44·7 (31·8) 37·1 (26·0)*** 24·8 (24·5)****

HV: healthy volunteer; DF: dengue fever; DHF: dengue haemorrhagic fever. Data represent the mean (s.d.). *P < 0·001 (versus HV); **P < 0·001
(versus DF); ***P < 0·01 (versus DF); ****P < 0·001 (versus DF).

Fig. 1. Relationship between peripheral platelet count and PAIgG (a,
n = 78: open circles) or PAIgM (b, n = 75: closed circles) levels in patients
in the acute phase of a secondary dengue virus infection.
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antidengue virus IgM activities were relatively lower than that of
antidengue virus IgG in the eluate samples. These data suggest
that PAIgM formation involving antidengue virus IgM may also
contribute to the induction of thrombocytopenia in patients in the
acute phase of a secondary infection. As we have previously sug-
gested a possible explanation for thrombocytopenia by the tran-
sient formation of PAIgG [16], PAIgM formation may also
contribute to the induction of thrombocytopenia during the acute
phase of secondary infection. While PAIgG formation may induce
thrombocytopenia through both Fc receptor- and complement
receptor-mediated platelet clearance by macrophage and/or com-
plement-mediated platelet lysis [9,25], PAIgM formation may
also result in thrombocytopenia by the same mechanisms except
via the use of Fc receptors, based on the function of the IgM
pentamer.

A previous in vitro study reported that dengue-2 virus binds
to platelets in the presence of a virus-specific antibody [17]. In our
preliminary study of dengue virus RNA detection by RT-PCR
among 21 patients with a secondary infection, a high positive rate
(42·8%) was found in the purified platelet samples (data not
shown). These data suggest that the dengue virus is located on the
circulating platelets, and support our hypothesis of a mechanism
of thrombocytopenia involving the formation of PAIgG and
PAIgM in patients with secondary infections. However, we cannot
rule out that the dengue virus other than type 2 forms the immune

complex with virus-specific IgG antibody, which subsequently
binds to platelet via the Fc receptor. While a significant increase in
the levels of PAIgG or PAIgM and a weak but significant corre-
lation between platelet count and the level of PAIgG or PAIgM
was found in patients with the acute phase of secondary infection,
the levels of PAIgG in 15 patients (19·2%) and the levels of
PAIgM in 38 patients (50·7%) remained within the normal range
(0–14·8 ng/107 platelets for PAIgG, 0–11·8 ng/107 platelets for
PAIgM). These data indicate that mechanisms involved in the
development of thrombocytopenia other than PAIgG or PAIgM
may also be operative in these patients. In addition, the contribu-
tion of PAIgG to the induction of thrombocytopenia appears to
be much greater than that of PAIgM.

As predictors of DHF, previous studies have proposed cer-
tain host factors such as soluble tumour necrosis factor recep-
tors and soluble vascular cell adhesion molecule-1 and dengue
virus non-structural protein NS1 [26–28]. An increased level of
PAIgM during the acute phase of a secondary infection was
highly specific for the development of DHF (92·1%) in this
study, although its sensitivity was relatively low (48·6%).
PAIgM, therefore, would be a specific predictor of DHF in
cases accompanied by a virological diagnosis. Interpretation of
our data, however, is limited, because the study subjects
involved cases of DF and DHF with no shock in this study.
More importantly, it is possible that the formation of PAIgM
could be linked to the increased vascular permeability, which is
characteristic of DHF. A recent in vitro study has reported on
the adhesion of platelets to dengue virus-infected endothelial
cells [29]. Activated platelets associated with dengue virus and
antidengue virus IgM as well as dengue virus-infected endothe-
lial cells may be involved in the mechanism of the increased
vascular permeability associated with DHF [30,31].

In summary, we have demonstrated that the increased levels
of PAIgG and PAIgM, involving antidengue virus IgG and IgM,
were associated closely with thrombocytopenia during the acute
phase of secondary dengue virus infections. An increased level of
PAIgM during the acute phase of secondary infection was associ-
ated independently with the development of DHF, and highly
specific for DHF. The formation of platelet-associated immuno-
globulins may play a critical role in the mechanisms of thromb-
ocytopenia and the accompanying increased vascular
permeability. Further elucidation of the involvement of platelet-
associated immunoglobulins on the mechanisms of thrombocy-
topenia and the increased vascular permeability is required.

Fig. 2. Comparisons of peripheral platelet count (a, n = 78), PAIgG (b, n = 78) and PAIgM (c, n = 75) levels between the acute (the first
test) and convalescent phase (4 days after the first test) of secondary dengue virus infections. *P < 0·001.
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