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Abstract

Dengue is a timing disease, and frequently dengue patients
do not seek help until 2-3 days after prodrome. Thus, the in-
nate immune parameters in dengue patients remain largely
unexplored. A comprehensive FACS profiling of key innate
immune cellsin the peripheral blood of dengue patients was
performed. Twenty-seven dengue patients varying in days
of fever onset were enrolled and the majority of them had
primary infection based on serological results. FACS panels
were used to evaluate NK cells, platelet-leukocyte aggre-
gates (PLA), inflammatory monocytes, and plasmacytoid
(pDC) and myeloid dendritic cells (mDC). FACS results
showed the following findings: (i) NK cells significantly
dropped on day 5 after the onset of fever and gradually re-
turned to normal within 2 weeks of illness; (ii) biphasic PLA
were observed, maximum levels were reached on days 6-8

and 11-16, and platelet-monocyte aggregates (PMA) were
the most frequent event; (iii) inflammatory monocytes were
consistently lower on days 5-8 and gradually returned to the
normal level in the second week of illness, and (iv) pDC
reached the maximum level on day 5 and gradually declined
to the baseline level after 1 week of illness. In contrast, mDC
fluctuated somewhat during the first week of illness and re-
turned to the baseline level in the second week of illness. The
most interesting finding was the biphasic PLA, in particular
the PMA. These innate immunological parameters could be
a crucial factor dictating the complicated pathogenesis of

dengue disease. Copyright © 2011 S. Karger AG, Basel

Introduction

Innate immunity is the first line of the host’s defense
system against infections and it is the most well-con-
served system across species. It covers a wide spectrum
and includes the antigen-independent and fast immune
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response in the host upon engagement with intruders. Its
importance in the orchestration of a much more antigen-
specific and effective adaptive immunity has been well
established during the past several decades [1]. However,
understanding the operational process of the innate im-
mune system in human diseases is far more difficult than
in a model system. This is partly due to the fact that hu-
mans often do not seek help until obvious clinical symp-
toms have evolved, which is a few days after the inception
of infection. This is particularly true for certain infec-
tious diseases such as dengue fever (DF), a mosquito-
borne disease [2].

Dengue is one of the most important vector-borne hu-
man diseases. It is usually prevalent in tropical and sub-
tropical regions but, over time, with multiple increasing
factors such as global warming, unplanned urban devel-
opment, and human mobilization, it has spread to almost
every corner of the world and has thus become an emerg-
ing public health concern globally. A wide spectrum of
clinical manifestations ranges from no symptoms and
mild fever (DF) to a much more severe form, i.e. den-
gue hemorrhagic fever (DHF)/dengue shock syndrome,
which is a life-threatening illness characterized by in-
creased vascular permeability and plasma leakage [2].
There are 4 dengue serotypes (DENV-1 to DENV-4) and
each serotype is capable of inducing severe dengue (DHF/
dengue shock syndrome). There is no vaccine or antiviral
drug currently available to treat dengue and, therefore,
supportive care is the main way to treat and improve pa-
tients’ health.

Dengue is truly a timing disease. Patients often do not
know they have been bitten by a mosquito carrying the
infectious dengue virus until clinical signs develop,
which is after a lapse of about 3-5 days and likely at the
peak of viremia in circulation [3]. Thus, parameters re-
lated to innate immunity, such as cytokines and/or che-
mokines, are the dominant factors reported in specimens
collected at the time of clinical onset and have often been
linked to the outcomes of dengue [4-9]. Although there
have been reports on the biomolecular properties linked
to the involvement of the innate immune system in the
setting of dengue, the nature of the contributing innate
immune cells remains elusive.

In this report, we documented several key innate im-
mune cells in the peripheral blood of dengue patients by
flow cytometry (FACS) with established cell surface
markers. Our results revealed that innate immunological
parameters could be a crucial factor dictating the compli-
cated pathogenesis of dengue disease.

Innate Immune Cells in Dengue Patients

Table 1. Panels of antibodies used in this study

Markers Panel 12 Panel 2P Panel 3¢ Panel 44
CDl16 FITC FITC
CD19 PE PE

CD14 PETxRD PETxRD PETxRD
CD45 PerCP PerCP

CD4 PECy7

CD56 APC

CD3 Alexa 700 Alexa 700 PerCP
CD8 V450

CDe61 FITC

CD62 PE

CD41 Alexa 647

CD20 PerCP PerCP
CD27 FITC

CD38 APC

HLA-DR PERCy7
CD123 APC
CDl1l1c V450

All antibodies were purchased from BD Biosciences.

* Panel 1 is to analyze general immune cells, B cells, T cells,
and monocytes including NK cells.

b Panel 2 is to analyze activated platelet-leukocyte aggregates.

¢ Panel 3 is to analyze plasmablast cells.

d Panel 4 is to analyze inflammatory cells, mDC, and pDC.

Subjects and Methods

Patient Recruitment

This study was approved by the institutional review board of
Kaohsiung Medical University Hospital (KMUH). We enrolled
patients aged more than 15 years who visited KMUH and were
diagnosed with acute dengue virus infection via laboratory con-
firmation or the Taiwan CDC according to WHO diagnostic
guidelines [2]. The diagnosis was based on any of the following
laboratory criteria: (a) dengue virus RNA was detected in serum;
(b) the dengue virus was isolated from serum; (c) dengue NS1 an-
tigen was detected, and (d) dengue virus-specific IgM and IgG
antibodies were detected. Eight milliliters of blood was drawn
from each enrolled subject for this study. From 2009 to the date
of reporting, we collected 27 dengue cases. Blood from 4 healthy
volunteers was used as the control in all studies. All patients
whose blood was drawn had DF and did not have observable vas-
cular leakage according to WHO diagnostic guidelines [2]. Liu’s
stain was used to examine blood smear slides as suggested by the
manufacturer’s protocol (Sigma). A complete blood count includ-
ing hematocrit measurement was performed as previously de-
scribed [10].

Serology and Virus Assays

IgM and IgG to the dengue virus were measured in all speci-
mens by antibody capture enzyme immunoassay (EIA) as de-
scribed previously [11, 12]. The antibody measurement was per-
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formed to confirm dengue virus infection and was not intended
to differentiate between primary and secondary infections. Thus,
all antibodies were measured at 1 time point. Reverse transcrip-
tase-polymerase chain reaction (RT-PCR) was used to attempt to
identify the infecting serotype in specimens as described previ-
ously [10].

Flow Cytometry

Antibody Panels for the Study

Four antibody panels were used to perform the gating strategy
and identify the subpopulation of immune cells (table 1). Each
panel was used to identify the particular immune cell population
with its corresponding specific surface markers. A set of compen-
sation for each panel was performed in parallel in all experiments.

Multiple Color Flow Cytometric Analysis

Five microliters of each antibody was dispensed into a specific
labeled tube. One hundred microliters of whole blood sample was
added to each antibody panel tube and into the corresponding
compensation tube, respectively. Samples were gently mixed by
vortex and incubated at room temperature for 15 min in the dark.
Thereafter, 2 ml of 1 X Lysing Buffer (BD Biosciences, San Jose,
Calif., USA) was added to each tube followed by gentle mixing and
incubation at room temperature for 10 min in the dark. Following
the incubation, samples were centrifuged at 500 rpm at 4°C for
5 min and then supernatants were decanted. Two milliliters of
washing buffer (2% FBS in PBS) was added to the samples fol-
lowed by centrifugation at 1,200 rpm at 4°C for 5 min. After su-
pernatants had been decanted, 300 1 of 1% paraformaldehyde in
PBS was added to each sample and subjected to flow cytometry.
Multiple color flow cytometric analysis was performed on an
LSRII flow cytometer (BD Biosciences) using BD FACSDiva soft-
ware (BD Biosciences). All data were analyzed using Flow]Jo soft-
ware (Treestar, Inc., Ashland, Oreg., USA).

Results

The clinical demographics of the studied patients are
shown in table 2. The clinical history of older patients in-
dicated that the majority of them had an underlying ill-
ness at the time of dengue presentation, while complica-
tions associated with dengue illness were common as pre-
viously reported [2, 13].

Typical blood mononuclear cells in dengue patients
including the subset of lymphocytes and the main com-
ponents of complete blood counts by FACS are tabulated
in table 3. The counts of the platelets were at their lowest
level on day 7 after illness (fig. 1a), while a steady increase
in the hematocrit was registered (fig. 1b). A slight inverse
relationship between the platelet counts and the hemato-
crit was observed. However, since activated platelets have
a tendency to either aggregate or associate with leuko-
cytes, the actual platelet counts may be underestimated.
Serological results revealed that the majority of the den-
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gue cases were primary since IgM was the dominant an-
tibody being detected, though 4 cases may likely have
been secondary (fig. 2a, b). As plasma cells are an impor-
tant immune component responsible for antibody pro-
duction, it is reasonable to profile these cells in dengue
patients. The strategy of identifying the plasma cells by
FACS using established cell surface markers (table 1) is
shown in figure 3a. The plasmablast cells were defined as
CD19+CD20-CD27+CD38+. A low frequency of plasma-
blast cells was registered in the majority of dengue cases
(fig. 3b), though a few of the cases appeared to have levels
above those of the healthy control, and 4 cases seemed to
have a higher frequency compared to the rest of the cases.
Coincidently, the 4 cases with higher plasma cell levels
corresponded to those observed with higher IgG anti-
body titers (fig. 2b). In addition, RT-PCR revealed that 18
out of 27 (67%) cases were dengue virus positive; 15 had
DENV-2 and 3 had DENV-3, and 1 was co-infected with
DENV-1.

Innate immunity plays a pivotal role in containing and
controlling invaded pathogens. Although it is usually
functioning at the beginning of the event, throughout the
course of infection its effective role in fine tuning and
orchestrating the overall immune response is still in play.
Some of the key innate immune cells were therefore ana-
lyzed by FACS.

The gating strategy for profiling the natural killer
(NK) cells by FACS is shown in figure 4a. The NK cells
were defined as CD45+CD19-CD3-CD56+. An up-and-
down pattern was seen in CD56+ NK cells (fig. 4b) as well
as in their subsets, i.e. CD56+CD16+ and CD56+CD16-
(fig. 4c). The fluctuation pattern was much more obvious
in the CD56+CD16+ NK cells than in the CD56+CD16-
NK cells. In general, during the illness periods both
CD56+ NK cell numbers and their CD56+CD16+ sub-
populations were lower, while CD56+CD16- NK cell
numbers appeared to be higher than those of the normal
healthy control (fig. 4b, c).

Platelets have been integrated into the innate immune
system. Although they are anuclear, platelets’ powers in
shaping and sharpening immunity have recently been
noticed [14-17]. One of the key aspects of platelets is their
capability to bind with leukocytes, and especially with
monocytes, upon activation [18-20]. Thrombocytopenia
is one of the clinical features of dengue patients and the
majority of platelets are activated during the illness [21].
To see whether the low platelet counts observed in dengue
patients are associated with aggregation with leukocytes,
profiling of the platelet-leukocyte aggregates was per-
formed as previously described [22] and the gating strat-
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Table 2. Demographic and clinical profiles of dengue patients

Patient Age Sex DOF Underlying diseases® Associated conditions
No. years
1 58 M 4 GERD Diarrhea
2 26 F 9 Hepatitis
3 34 M 5 Hepatitis
4 57 F 10 Nausea, vomiting, diarrhea
5 37 F 5
6 39 F 4
7 56 M 7 Hyperlipidemia, TIA
8 49 F 16 Hyperthyroidism Nausea, vomiting
9 27 F 11 Nausea, vomiting
10 45 F 6 Cervical cancer, renal stones, Sicca Hepatitis, GOT and GPT >200 IU/1
syndrome, rheumatoid arthritis
11 66 M 6 DM, CVD Nausea, vomiting
12 67 F 8 DM Hepatitis, GOT >200 1U/1
13 62 M 5 Hernia S/P Diarrhea
14 51 M 9 HBYV, TIA, gouty arthritis
15 44 F 16 Uterine myoma S/P Nausea, vomiting, diarrhea
16 74 M 8
17 60 M 16 Nausea or vomiting, diarrhea
18 55 F 11 ATH S/P
19 66 M 6 CVA Hepatitis
20 24 M 8
21 35 F 7
22 24 F 9
23 49 M 7 DM
24 51 F 5 HBYV, thalassemia
25 71 F 9
26 40 F 6 DM Chest pain, nausea, vomiting
27 48 M 4

DOF = Day of fever on which the samples were collected for the study; GERD = gastroesophageal reflux disease; TIA = transient
ischemic attack; DM = diabetes mellitus; CVD = cardiovascular disease; ATH = total abdominal hysterectomy; S/P = status after op-
eration; CVA = cerebrovascular accident; HBV = hepatitis B virus; GOT = glutamic-oxaloacetic transaminase; GPT = glutamic-pyru-
vic transaminase.

 History of diseases in patients prior to dengue virus infection.

Table 3. FACS profiling of immune cells in dengue patients

DOF

Cases, n

B cells

CD4 T cells
CD8 T cells
Monocytes
Granulocytes
Lymphocytes

4

3

10.40 = 5.26°

27.46£6.01

45.34%20.82
5.72%3.44

46.43+31.48

44.45+28.82

5 6 7
4 4 3
24.22%+13.00 26.06%£16.43 15.45%*3.40
39.68£9.15 24.58*+4.77 32.69%3.64
20.55*5.61 2791x17.52 34.17%7.36
6.65+2.07 7.31%2.19 7.97%2.26
54.06%£9.25 27.06%3.57 27.52%5.38
37.74%£9.28 61.18%5.07 57.86%8.04

8

3

14.87 £1.22
33.5%10.01

29.93+£13.56
12.37*x1.24

35.97%+16.98

48.82t16.44

9 10 11 16
4 1 2 3
14.50x4.68 11.97%£0.00 14.47*2.03 16.25x594
27.08%£9.77  21.01x0.00 30.28*4.67 28.74%2.08
26.35+398 48.14%+0.00 27.11%5.39 9.96 £8.60
7.34*£4.61 19.56£0.00 9.77%3.77 7.31%1.82
50.37*£11.84 42.54*0.00 48.35%x3.02 50.23%8.09
36.09£9.04 3533%£0.00 39.30x1.31 40.36%9.43

DOF = Days of fever after the onset of fever. ? Percentage of gated cells = SEM.

Innate Immune Cells in Dengue Patients
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egy is shown (fig. 5a). Results revealed that biphasic ag-
gregations occurred on days 6-8 and the second week
after the onset of fever, and activated platelets were likely
aggregated with leukocytes and in particular with mono-
cytes (fig. 5b). The platelet-leukocyte aggregates were sig-
nificantly higher in the biphasic periods in dengue pa-
tients compared to the normal healthy control (fig. 5b).
The overall monocytes did not change that much
during the course of infection (table 3). There are at least
2 subsets of monocytes circulating in peripheral blood in

534 J Innate Immun 2011;3:530-540

the course of infection: classic monocytes (CD14+) and a
subset of inflammatory monocytes (CD14+CD16+HLA-
DR+) [23]. The gating strategy to identify the subset of
inflammatory monocytes is presented in figure 6a. FACS
profiling showed a U-shaped pattern in which the fre-
quency of inflammatory monocytes was high in early in-
fection and then dramatically decreased and gradually
climbed back to the normal level of the healthy control 2
weeks after the onset of illness (fig. 6b).
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Fig. 3. Plasmablast profiling. a Gating strategy to identify the plasmablast. The G3 population was selected and
analyzed for CD19+CD20-CD27+CD38+ cells (R6). b Frequency of plasmablast (R6). Only 4 patients had no-
ticeable plasmablast, while few others were detectable compared to the healthy control. C = Healthy control.

Dendritic cells (DC) are much more effective innate
immune cells in terms of bridging innate and adaptive
immunities [23]. The best known DC types are myeloid-
derived DC (mDC) and plasmacytoid-derived DC (pDC),
which are defined as CD14-HLA-DR+CD11c+CD123-
and CD14-HLA-DR+CDI11c-CD123+, respectively [23].
The gating strategy to identify DC is shown in figure 7a.
Results showed that fluctuation of mDC occurred early
on during the course of infection while pDC peaked in a
single day, 5 days after the onset of fever, as compared to
the normal healthy control (fig. 7b).

Discussion

Innate immunity is the front line of the defense system
in deterring any intruders. Its non-antigen-specific re-
sponse provides an early platform for the host to fight
against the intruder. Although reports on the potential
role of innate immunity in dengue virus infection have
occasionally been documented, these reports are pre-

Innate Immune Cells in Dengue Patients

dominant in a specific subset of the innate immune sys-
tem [24-27]. Thus, the role of the innate immune system
in dengue virus infection remains a mystery. There are a
few factors potentially contributing to this: (1) the time at
which the dengue patient was bitten by a mosquito car-
rying the infectious dengue virus is very difficult to pin-
point; (2) dengue-affected patients often do not seek help
or assistance until clinical symptoms arise, and (3) there
is a lack of the perfect animal model that mimics the car-
dinal features of dengue patients.

Although limited numbers of dengue cases were re-
ported in this study, these were predominantly primary
dengue cases. This is significantly different from litera-
ture reports which are mainly of secondary dengue cases
[25-28]. Thus, like in previous reports in which speci-
mens were collected after prodrome, several key innate
immune cells were documented by FACS in primary den-
gue-affected patients. Although with alimited number of
dengue patients it was difficult to perform the statistical
analysis, the most important findings were that the bio-
logical results were very consistent in these patients. This
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Fig. 4. NK cell profiling. a Gating strategy
to profile the NK cells. The G3 population
was selected and analyzed for total NK
cells (CD45+CD3-CD19-CD56+; R5) and
their subsets, ie. CD45+CD3-CD19-
CD56+CD16- (R6) and CD45+CD3-
CDI19-CD56+CD16+ (R7). b Total NK
cells with CD56+ (R5). ¢ Subsets of NK
cells with CD56+CD16- (R6) and CD56+
CD16+ (R7). C = Healthy control.
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information may therefore be very useful and helpful for = shown that activated platelets can bind with leukocytes
gaining a better understanding of the role of innate im- and in particular with monocytes [18, 20]. A very high

munity in the pathogenesis of dengue.

percentage of activated platelets binding with mono-

The most significant finding of the current investiga-  cytes was observed 6-8 days after the onset of fever, a
tion was the platelet-leukocyte aggregates. It has been time at which shock likely occurs. How and why the ac-
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Fig. 5. Platelet-leukocyte aggregate profiling. The gating strategy
was similar to that previously described [22] and a representation
is shown (G1 for granulocytes, G2 for monocytes, and G3 for lym-
phocytes). An activated platelet marker, CD62P, in conjunction
with specific leukocyte markers was used to profile the aggrega-

tivated platelets aggregate so dramatically with mono-
cytes is unknown at the moment. However, a few sce-
narios may account for this phenomenon: (i) dengue vi-
ral particles or antigens have been reported inside or on
the surface of platelets, respectively [10, 29]; (ii) platelet-
associated IgM or IgG has been observed in dengue pa-
tients [30, 31]; (iii) engulfment of dengue-containing
platelets by monocytes has been observed in dengue-
infected nonhuman primates [22], and (iv) dengue viral
antigen-positive leukocytes are likely observed at the
end of dengue viremia [32]. These reports suggest that
monocytes are involved in the resolution of dengue vi-
rus infection via the phagocytosis of dengue virus-in-
fected platelets. In addition, the observed phenomenon
might occur and/or be enhanced in secondary infection.
Interestingly, Honda et al. [30] recently demonstrated
that the phagocytosis of platelets from patients with a
secondary dengue virus infection is increased by human

Innate Immune Cells in Dengue Patients

tion by FACS. The fragmented axis next to the main frame repre-
sents the healthy control. Plt-Mono = Platelet-monocyte aggre-
gates; Plt-Gran = platelet-granulocyte aggregates; Plt-Lymp =
platelet-lymphocyte aggregates.

macrophages. Thus, the magnitude of the phagocytosis
event may induce a large amount of cytokines/chemo-
kines or other soluble factors released by monocytes,
and this may trigger a sudden shock in dengue patients.
However, the platelet-leukocyte aggregates were ana-
lyzed by FACS and the actual phagocytosis event was
not observed [33]; therefore, this viewpoint still needs to
be further investigated.

NK cells, whether a subset or not, did not appear sig-
nificantly altered, though a moderate drop in the NK fre-
quency 5 days after the onset of fever was observed. In
general, the profiling results of NK cells were consistent
with a previous report [34]. Interestingly, the observation
that CD14+CD16+ inflammatory monocytes decrease
5-9 days after the onset of illness was unexpected, and it
was similar to the observation by Azeredo et al. [34] in
frozen specimens. It would be helpful if the current ob-
servation of PLA could be investigated further with a
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Fig. 6. Inflammatory monocyte profiling. a Gating strategy to identify the inflammatory monocytes. The G2
population was selected and analyzed for CD14+HLA-DR+CD16+ (R5). b Frequency of CD14+HLA-DR+CD16+.

C = Healthy control.

suitable dengue animal model. In addition, since all of the
patients had DF, we were unable to compare the levels of
NK cells in DF to those in DHF as reported by Green et
al. [35].

Dengue is a timing disease; thus, it is very difficult to
obtain specimens early enough to determine the levels of
CD14+CD16+ cells in the early days of infection. Interest-
ingly, we did observe a high percentage of CD14+CD16+
cells on day 4 after the onset of illness, suggesting that
these monocytes may be higher in the early days of infec-
tion. If this is the case, the results were consistent with
studies showing large numbers of CD14+CD16+ mono-
cytes circulating in the blood of patients with acute in-
flammation and infectious diseases [23]. In addition,
since human CD14+CDI16+ inflammatory monocytes
are the key source of TNF-a production [34, 36, 37], the
lower levels of the CD14+CD16+ cells at later time points
after infection may be due to an immune controlling pro-
gram implemented in dengue patients to mitigate poten-
tial harmful side effects.

538 J Innate Immun 2011;3:530-540

A low percentage of mDCs and pDCs circulate in the
peripheral blood of normal healthy humans [23]. mDCs
express class IT antigen and CD11c and are important for
the stimulation of T cell proliferation, while pDCs are the
most potent IFN-a-producing cells in response to viral
pathogens [23]. Thus, mDCs and pDCs are critical in fine
tuning host immunity to fend off residues of the virus.
The observation of fluctuating mDCs in dengue patients
may likely be due to the migration of mDCs in and out of
the vascular system and the carrying of antigens to sec-
ondary lymphoid organs to initiate the fine tuning of the
immune response to dengue viral antigens [38]. IFN-a
has been demonstrated to be an important cytokine in
controlling the dengue virus [39, 40]. Thus, the transient
peak of pDCs on day 5 after the onset of fever may likely
be related to the tight regulatory program in pDCs and
its short life span in circulation [23]. However, since we
only had 3 or 4 patients at each time point, an evaluation
of the actual trend of the DCs is improbable. Consequent-
ly, the behavior of DCs in vivo could not be predicted
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healthy control.

since they may migrate in and out of circulation and tis-
sue. The status of DCs in dengue patients warrants more
investigation.

Taken together, our findings suggest that dynamic in-
nate factors may be important in the pathogenesis dengue
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