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Abstract: Thrombocytopenia is a clinical manifestation in dengue virus (DV) infection, yet its 
pathogenic mechanisms are unresolved. We previously showed that dengue patient sera contained 
antibodies cross-reactive with platelets. In this study, we demonstrated that the anti-platelet activity of 
dengue patient sera was due to the antibodies against DV nonstructural protein 1 (NS1). Studies using 
DV-infected or recombinant NS1-immunized mouse sera showed that anti-NS1 antibodies cross-reacted 
with human platelets. The platelet-binding activity of dengue patient sera or anti-NS1 antibodies was 
inhibited by treatment of platelets with anti-NS1 or patient sera. Further investigation showed that 
anti-NS1 antibodies were able to inhibit platelet aggregation and cause platelet lysis in the presence of 
complement. The platelet-binding activity and the induction of platelet lysis mediated by dengue patient 
sera or anti-NS1 antibodies were increased when platelets were activated by ADP or thrombin. Taken 
together, anti-NS1 antibodies account for the cross-reactivity with platelets and cause platelet 
dysfunction or depletion, which may be involved in the pathogenesis of dengue diseases. 
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INTRODUCTION 

 
 Dengue virus (DV), an important human pathogenic 
flavivirus, causes serious epidemic disease[1]. Infection 
with DV manifests a range of symptoms from mild, 
self-limiting, febrile illness as dengue fever to a 
life-threatening dengue hemorrhagic fever and dengue 
hemorrhagic shock syndrome (DHF/DSS)[2,3]. In 
addition to the direct cell damage caused by 
virus-specified factors, host immune responses to virus 
infection may also contribute to the severity of dengue 
disease. For example, the effect of antibody-dependent 
enhancement (ADE) of DV infection is widely believed 
to be involved in the disease pathogenesis[3-8]. 
Furthermore, immunological and/or 
immunopathological mechanisms, including cytokine 
and chemokine production, immune cell and 
complement activation and apoptotic cell death may also 
contribute to disease progression[9-18]. The onset of 
autoimmune responses to DV infection may also 

contribute to dengue disease pathogenesis[10,19-21].  
 Thrombocytopenia is a clinical feature of 
hematological abnormality in dengue patients[22,23]. An 
impaired hematopoietic progenitor cell proliferation by 
DV may cause a decrease in platelet counts[24,25]. 
Moreover, an increased antibody-dependent DV binding 
to platelets[26] and an increased platelet binding to 
endothelial cells[27] may also play roles in the 
pathogenesis of thrombocytopenia. The presence of 
cross-reactive antibodies in dengue patient sera causing 
platelet lysis also provide a potential mechanism for 
platelet loss[28]. 
 The manifestation of thrombocytopenia and the 
generation of anti-platelet antibody in DV-infected mice 
provide a model for the pathogenicity of dengue 
disease[29]. Mouse antibodies against DV nonstructural 
protein 1 (NS1) can cross-react with human 
thrombocytes[19]. Our previous studies[28] demonstrated 
that antibodies reactive with platelets were present in 
dengue patient sera. Further investigation showed the 
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capacity of anti-platelet autoantibodies to inhibit platelet 
aggregation and to cause platelet cytotoxicity in the 
presence of complement. In the present study, we 
demonstrate that anti-NS1 antibodies account for the 
cross-reactivity of patient sera with platelets. We show 
further that anti-NS1 antibodies generated in mice 
exhibit binding activity with human platelets and that  
anti-NS1 antibodies have effects on platelet aggregation 
and platelet lysis. 
 

MATERIALS AND METHODS 
 
Patient sera: Sera were collected from 9 dengue patients 
(7 males and 2 females, with ages ranging from 7 to 57 
years) showing clinical symptoms of fever, rash and bone 
pain during an outbreak of DV3 infection in southern 
Taiwan from November 1998 to January 1999 as 
reported previously[28]. Among those patients in this 
outbreak, five patients with dengue fever and four with 
DHF, DSS, or both, whose sera were collected from 
acute stage (3-7 days after fever onset) were included in 
this study. Normal control sera from five healthy 
individuals were used as background. 
 
Mice: BALB/cByJ breeder mice were purchased from 
The Jackson Laboratory and maintained on standard 
laboratory food and water in the Laboratory Animal 
Center of National Cheng Kung University Medical 
College. Their 8-week-old progeny were used for the 
experiments. 
 
Virus preparation and infection: DV2 (strain PL046) 
was propagated in the mosquito C6/36 cell line and 
stored at –80oC until use. The titer of virus stock was 
adjusted to 1×1011 PFU mL−1. Mice were inoculated 
intravenously with 1×108 PFU/mouse of DV2 and their 
sera were collected after 8 days. 
 
Preparation of recombinant NS1 and generation of 
anti-NS1 antibodies: Recombinant NS1 proteins were 
prepared as previously described[28]. The DV2 NS1 
cDNA was cloned to pRSET B expression vector 
(Invitrogen) to establish a pRSET-DVNS1 plasmid. 
After the plasmid was introduced into Escherichia coli 
BL21(DE3) pLys strain (Invitrogen), the recombinant 
NS1 proteins were then induced by 2 mM final 
concentration of IPTG and purified with TALON metal 
affinity resin (Clontech). The 45-kDa NS1 protein was 
detected by SDS-PAGE and the protein sequence was 
confirmed by an Applied Biosystems 477A 
autosequencer. BALB/c mice were immunized 

intraperitoneally with 25 µg of purified recombinant NS1 
proteins emulsified in complete Freund’s adjuvant 
(Gibco BRL) and then four times in incomplete Freund’s 
adjuvant. Sera were obtained four days after the last 
immunization. The IgG fractions from hyperimmunized 
mouse sera were purified with protein A-sepharose 
affinity chromatography column (Pharmacia) and 
recovered with HCl-glycine. The reactivity of purified 
IgG against NS1 was confirmed by SDS-PAGE and 
Western blot. The control IgG was eluted from protein A 
column loaded with normal mouse sera. 
 
Detection of anti-platelet antibodies: Human 
peripheral blood collected in 0.11 M sodium citrate (9:1) 
was centrifuged at 100×g for 10 min at room temperature. 
The upper layer as platelet-rich plasma (PRP) was 
removed to a 15-mL tube, mixed with 0.34% EDTA in 
phosphate-buffered saline (PBS) and centrifuged at 
1000×g for 10 min. The pellets were washed 3 times with 
0.34% EDTA in PBS and fixed in 10 mL of 1% 
formaldehyde in PBS at room temperature for 10 min. 
The fixed platelet suspension was centrifuged at 1000×g 
for 10 min at room temperature. The pellets were washed 
in PBS twice and resuspended in 2 mL of PBS. The 
platelet count was determined using a hemocytometer. 
 For the detection of anti-platelet antibodies, 2.5×106 

platelets were incubated with 1:25 dilution of patient sera 
or various doses of antibodies for 60 min on ice, then 
washed twice with PBS. The secondary antibodies, i.e., 
20 µL of FITC-conjugated anti-human IgG or IgM 
(Pharmingen) or 1 µL of FITC-conjugated anti-mouse 
IgG or IgM (Cappel), were added and the mixture was 
incubated for 40 min on ice. After washing twice with 
PBS, the platelets were resuspended in PBS and analyzed 
by flow cytometry (FACScan; BD Biosciences) with 
excitation set at 488 nm. 
 
Platelet aggregation assay: The PRP was prepared as 
described above. After 10 min centrifugation at 100×g, 
the lower layer was subsequently centrifuged at 1000×g 
for 10 min and the supernatant was collected as the 
platelet-poor plasma (PPP). The PRP was diluted to 107 
platelets in 450 µL of PPP and various doses of anti-NS1 
or  control  IgG  was  added  and  incubated  at  37oC  for 
30 min. 
 Platelets were induced to aggregate by addition of 
adenosine 5’-diphosphate (ADP; 20 µM final 
concentration) with stirring at 37oC and measured in an 
automated aggregometer (PACKS-4, Platelet 
Aggregation Chromogenic Kinetic System, Helena 
Laboratories). The normal control (PRP alone) without 
the addition of antibodies was normalized to 100% of 
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platelet aggregation and the PPP was used as blank 
control. 
 
Platelet lysis assay: Various doses of anti-NS1 or 
control IgG were incubated with Low-Tox-M rabbit 
complement (Cedarlane Laboratories) at 37oC for 60 min 
before addition to the PRP. The PRP was prepared as 
described above and 105 platelets in PBS were added into 
each well of 96-well ELISA plate. After incubation for 4 
h, the level of lactate dehydrogenase (LDH) activity in 
the culture supernatant was determined at 490 nm using  
a  Cytotoxicity  Detection  Kit (Boehringer Mannheim).  
The percentage of cytotoxicity = (experimental 
value-low control) ÷ (high control-low control)×100. 
The low control was the level of spontaneous LDH 
release of PBS-treated group and the high control was the 
maximum LDH release of 2% Triton X-100-treated 
group. 
 
Statistics: We used the paired t-test for statistical 
analysis. Statistical significance was set at p<0.05. 
 

RESULTS 
 
Platelet-binding activity of dengue patient sera can 
be inhibited by preabsorption with NS1 protein:  We  
 

 
Fig. 1: Competition of DV NS1 protein for the 

platelet-binding activity of dengue patient sera. 
Human platelets were incubated with 1:25 
dilution of dengue patient or normal control sera 
pretreated with or without various doses of NS1 or 
BSA, followed by FITC-conjugated anti-human 
IgM and analyzed by flow cytometry. Both the 
percentages and the mean fluorescence intensity 
(MFI) of platelet-binding activity of antibodies 
are shown as the mean±SD of triplicate cultures. *, 
p<0.05 as compared with BSA preabsorption 
group 

previously found that dengue patients produce 
anti-platelet and anti-endothelial cell autoantibodies[28,30]. 
We further showed that antibodies against NS1 may, at 
least in part, account for the cross-reactivity of patient 
sera with endothelial cells[30]. In this study, we 
investigated whether the platelet-binding activity of 
dengue patient sera was also due to anti-NS1 antibodies. 
Patient sera were preabsorbed with various doses of 
recombinant NS1 or with bovine serum albumin (BSA) 
as a control. The platelet-binding activity of patient 
serum IgM was inhibited by pretreatment with NS1 but 
not BSA, although the inhibitory effect was not complete 
as compared with the normal control sera (Fig. 1).  

 

 
Fig. 2:Anti-NS1 antibodies generated in mice cross-react 

with human platelets. (A) Mice were intravenously 
injected with DV2 and their sera were collected 8 
days later, or intraperitoneally injected with NS1 
five times and their sera were collected 4 days after 
last injection. Human platelets were incubated with 
1:25 dilution of DV2-infected, NS1-immunized, or 
normal control sera, followed by FITC-conjugated 
anti-mouse IgM or IgG and analyzed by flow 
cytometry. (B) Purified IgG fractions from 
NS1-immunized or control mouse sera were 
incubated with human platelets, followed by 
FITC-conjugated anti-mouse IgG and analyzed by 
flow cytometry. Both the percentages and the MFI 
of platelet-binding activity of antibodies are shown 
as the mean±SD of triplicate cultures. *, p<0.05; 
**, p<0.01 as compared with normal sera (A) or 
control IgG group (B) 
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Anti-NS1 antibodies generated in mice cross-react 
with human platelets: We next tested the 
platelet-binding activity of DV2-infected or 
NS1-immunized mouse sera. Both anti-platelet IgM and 
IgG were present in DV2-infected and NS1-immunized 
mouse sera (Fig. 2A). NS1-immunized mouse sera were 
further fractionated to obtain purified IgG. A 
dose-dependent platelet-binding  study  of  anti-NS1 IgG  
was  shown (Fig. 2B). 
 

 
 

 
 
Fig. 3: Platelet-binding activity of dengue patient sera or 

mouse anti-NS1 antibodies can be inhibited by 
treatment of platelets by anti-NS1 antibodies or 
patient sera. Human platelets pretreated with or 
without various doses of mouse anti-NS1 or 
control IgG (A) or 1:25 dilution of dengue patient 
sera (B) were incubated with 1:25 dilution of 
patient sera (A) or various doses of anti-NS1 IgG 
(B), followed by FITC-conjugated anti-human 
IgM or anti-mouse IgG and analyzed by flow 
cytometry. Both the percentages and the MFI of 
platelet-binding activity of antibodies are shown 
as  the  mean±SD  of  triplicate  cultures. *, p<0.05 
as compared with control IgG (A) or no 
preabsorption groups (B) 

 To further investigate the binding activity of 
anti-NS1 antibodies to platelets, human platelets were 
preabsorbed with anti-NS1 IgG or patient sera to block 
the potential cross-reactive molecules on the surface of 
platelets. As shown in Fig. 3A, the binding activity of 
dengue patient sera to platelets can be inhibited by 
pretreatment of platelets with anti-NS1 IgG. Also, 
pretreatment of platelets with patient sera caused a 
decrease in platelet-binding activity of anti-NS1 
antibodies (Fig. 3B). 
 
Mouse anti-NS1 antibodies inhibit ADP-induced 
platelet aggregation and cause platelet lysis: Dengue 
patient sera were shown previously to inhibit platelet 
aggregation induced by ADP[28]. We thus determined 
whether the inhibitory effect of platelet aggregation was 
due to anti-NS1 antibodies. As shown in Fig. 4, anti-NS1 
IgG inhibited ADP-induced platelet aggregation as 
compared with the control IgG. 
 Complement-mediated platelet cytotoxicity in the 
presence of patient sera was demonstrated previously[28]. 
Here, we found that anti-NS1 IgG-induced platelet lysis 
increased dose-dependently with complement (Fig. 5). 
 

 

 
Fig. 4: Anti-NS1 antibodies inhibit ADP-induced 

platelet aggregation. Various doses of mouse 
anti-NS1 or control IgG were incubated with 
platelet-rich plasma and the percentages of 
platelet aggregation in the presence of ADP were 
monitored by aggregometry. The normal control 
without addition of antibodies is normalized to 
100% of platelet aggregation. Data are shown as 
the mean±SD of triplicate cultures. *, p<0.05 as 
compared with control IgG group 
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Fig. 5: Anti-NS1 antibodies cause platelet lysis in the 

presence of complement. Various doses of mouse 
anti-NS1 or control IgG were incubated with or 
without 1:25 or 1:50 dilution of complement 
before addition to human platelets. After 4 h, the 
culture supernatant was harvested and the lactate 
dehydrogenase activity was determined using the 
Cytotoxicity Detection Kit. Experiments were 
carried out in duplicate and the mean percentages 
of cytotoxicity are expressed 

 
Patient sera and mouse anti-NS1 antibodies show 
increased binding activity and cytotoxicity to 
activated platelets: The cross-reactivity of patient sera 
and mouse anti-NS1 antibodies to platelets was  
examined when platelets were pretreated with or without 
ADP or thrombin. An increased binding of patient sera 
(Fig. 6A) or anti-NS1 IgG (Fig. 6B) with activated 
platelets was observed, suggesting an upregulated 
expression of platelet surface molecules recognized by 
anti-NS1. In addition, there was increased cytotoxicity to 
the activated  platelets  by  patient  sera  and  anti-NS1  
IgG (Fig. 6).  
 

DISCUSSION 
 
 In the present study, we showed that anti-NS1 
antibodies, at least in part, account for the 
platelet-binding ability of dengue patient sera. Anti-NS1 
antibodies generated in mice further confirmed this issue. 

 
 
Fig. 6: Platelet-binding activity and cytotoxicity are 

increased when platelets are activated by ADP or 
thrombin. Human platelets were activated with or 
without ADP (20 µM) or thrombin (0.1 U mL−1), 
followed by incubation with 1:25 dilution of 
dengue fever or DHF patient sera (A) or 5 µg of 
mouse anti-NS1 or control IgG (B) in the 
presence of 1:25 dilution of complement. The 
platelet-binding activity was analyzed by flow 
cytometry and the cytotoxicity was determined 
using the Cytotoxicity Detection Kit. Both the 
percentages of platelet-binding activity and 
complement-mediated cytotoxicity of antibodies 
are shown as the mean±SD of triplicate cultures. 
*, p<0.05; **, p<0.01 as compared with normal 
sera (A) or control IgG groups (B) 

 
In addition, anti-NS1 antibodies inhibited platelet 
aggregation and caused platelet lysis in the presence of 
complement. 

Autoimmunity induced by DV infection plays a 
role in dengue disease[21]. We proposed that the presence 
of anti-platelet autoantibody is related to the 
pathogenesis of thrombocytopenia. The platelet-binding 
activity of patient sera was inhibited by preabsorption 
with DV NS1 protein, although inhibition was not 
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complete, as compared with the normal control sera. 
Therefore, in addition to anti-NS1, other anti-DV 
antibodies present in patient sera may also be involved in 
the  cross-reactivity  with  platelets. It should also be 
noted that the NS1 protein used in these studies was 
expressed in E. coli and thus would be expected to have 
conformational differences compared to authentic NS1.  
 Both DV-infected and NS1-immunized mouse sera 
showed cross-reactivity with human platelets. Either 
DV-infection or NS1-immunization induced production 
of  both IgM and IgG. We used purified IgG for these 
studies to avoid the influence of other serum factors. The 
results of the present study clearly show that such 
purified IgG shows platelet cross-reactivity. 
Nevertheless, we previously showed that the isotype of 
platelet-binding antibodies in dengue patient sera is 
predominantly IgM[28]. Purified IgM thus also merits 
future investigation. 
 Virus-induced thrombocytopenia may be caused by 
a direct or indirect interaction of the virus with 
platelets[31,32]. A pathological effect of DV infection on 
the differentiation and growth of human hematopoietic 
progenitor cells has also been reported[24,25]. Host 
responses to virus infection such as the generation of 
immune complexes may also cause the platelet 
destruction. Wang et al.[26] demonstrated that 
anti-envelope protein antibodies enhanced the 
platelet-binding ability of DV via non-Fc receptors. In 
the present study, we showed that anti-NS1 antibodies 
present in the patient sera or generated in mice 
cross-react with platelets. Thus, the pathological effects 
leading to platelet loss are probably due to multiple 
factors. 
 Platelet aggregation is suppressed by dengue patient 
sera[28,33]. The induction of platelet lysis in the presence 
of complement by dengue patient sera has also been 
demonstrated[28]. Further investigation indicated that 
anti-NS1 antibodies play roles in the inhibition of platelet 
aggregation and in the complement-mediated platelet 
lysis. We further showed that the platelet-binding activity 
and the platelet lysis of dengue patient sera or anti-NS1 
antibodies were increased when platelets were 
preactivated by ADP or thrombin. This can be explained 
by an increased expression of platelet surface molecules 
recognized by anti-NS1 antibodies. Various human 
viruses have been shown to induce autoimmune 
thrombocytopenia via molecular mimicry to platelet 
membrane glycoprotein IIb/IIIa[34]. The identification of 
the putative platelet surface molecules recognized by 
anti-NS1 antibodies is a subject of ongoing investigation 
in our laboratory. 
 An ideal dengue vaccine should elicit protective 
immunity but avoid potential pathogenic effects. In order 
to avoid the damaging effects of ADE, NS1 has been 
considered a potential target for vaccine development. 
Protection by antibodies to DV NS1 is thought to involve 
the recognition of NS1 expressing on the infected cell 

surface, followed by complement-mediated cell lysis. 
These positive effects must however be tempered with 
observations that antibodies against NS1 protein  
cross-react with platelets, endothelial cells, or blood 
clotting factors that may result in vascular dysfunction 
leading to dengue-associated hemorrhage[19,28,30]. Using 
genetic modifications to truncate or mutate the 
cross-reactive epitopes may provide valuable 
information for development of safe and effective 
dengue vaccine. The epitopes shared between DV NS1 
protein and platelet surface autoantigens need to be 
analyzed. 
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