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Abstract

Latest estimates suggest 390 million infections of dengue occur each year, of
which 100 million results in symptomatic disease. The new clinical classifica-
tion proposed by WHO-TRD 2009 simplifies dengue fever (DF) into dengue
(D) and severe dengue (SD) with an intermediary group of “dengue with
warning signs” (DWS). Early, sensitive and specific diagnosis of dengue is
needed for appropriate patient management as well as for early epidemic de-
tection. Virological and serological markers in sera from dengue confirmed
patients from Venezuela and Nicaragua were evaluated. A total of 232 sera
collected in the acute (days 1 to 5 of fever onset) and convalescent (days 7 to
14) phases of illness were tested by Platelia NS1 antigen ELISA and IgM, IgA
and IgE capture ELISA methods. NS1 was detected with highest OD values in
the acute phase for primary and secondary cases. IgM was detected in primary
and secondary groups but the highest OD figures were observed after defer-
vescence day. IgA and IgE detection were almost absent for primary cases,
contrary to secondary cases which showed higher values but after deferves-
cence day. NS1 could be used as effective diagnostic marker in the acute phase
of illness for primary and secondary dengue infections. IgM detection is still
an invaluable tool for routine dengue diagnosis but delay. IgA detection could
define secondary infection in early phase of illness. IgA/IgE could be eva-
luated as prognostic markers associated to SD cases.
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1. Introduction

Dengue is the most important mosquito-borne viral disease of humans and an
enormous public health burden in affected countries. Latest estimates suggest
390 million infections of dengue occur each year, of which 100 million results in
symptomatic disease [1].

Dengue viruses (DEN) belong to the family Flaviviridae, genus Flavivirus.
There are four dengue virus serotypes (1, 2, 3, and 4), which are responsible for
this disease. Dengue infection can range from asymptomatic infections, undif-
ferentiated fever and classical dengue fever (DF) to severe forms of the disease:
dengue haemorrhagic fever (DHF) and dengue shock syndrome (DSS) [2] [3].
The new clinical criteria of dengue case classification (dengue and severe den-
gue, WHO 2009) provide practical guidance and show a better categorization in
accordance with disease severity [WHO/TDR. 2009].

The laboratory diagnosis of DEN is based on virus isolation, viral RNA detec-
tion, or detection of DEN-specific IgM and IgG serum antibodies [4] [5] [6].
However, all these assays have limitations: Virus isolation requires lengthy cul-
ture, is expensive and has relatively poor sensitivity; RT-PCR is accurate and
ideal for early diagnosis but requires specialised equipment not always available
in tropical settings where many flaviviruses predominate; serological approaches
can give results in few hours or minute but antibodies detection is not available
early in course of the disease, moreover, the problems with antigenic cross-reac-
tivity of IgG than IgM particularly in regions of the world where more than one
flavivirus co-circulates [7].

An early and accurate diagnosis of dengue can assist in patient management
by directing clinical attention to the appearance of major warning signs of severe
or even life threatening complications; it can facilitate vector control activities in
the community and prevents unnecessary antibiotic usage [8]. For that reason, the
studies of other virological and serological markers as NS1 protein, IgA and IgE
have been made based in their usefulness for an early dengue diagnosis [7] [9] [10].

The DENCO project was designed for producing new evidences through basic
and implementation research for more effective dengue prevention and case
management by reducing viral transmission and case fatality. As part of this
project we have evaluated the virological (NS1 protein) and serological (IgM,
IgA and IgE) responses in serum samples collected from patients of Venezuela

and Nicaragua with a confirmed dengue infection.

2. Material and Methods
2.1. DENCO Study

The DENCO (Dengue Control) project was a multi-centre prospective observa-
tional study of dengue in Southeast Asia (Malaysia, Thailand, The Philippines
and Viet Nam) and the Americas (Nicaragua and Venezuela). The study sites at
which patients were enrolled for this particular investigation were: Hospital

Manuel Jesus de Rivera, Managua, Nicaragua; Research Centre Jose W. Torreal-
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ba, Los Andes Trujillo University, Bogota, and Hospital Central, Maracay, Vene-

zuela.

2.2. Patient Enrolment

Venezuela and Nicaragua patients above 6 months of age, with clinically sus-
pected dengue and fever for less than 7 days were enrolled in the study. In case
of children were written an informed consent by the study participant, or a par-
ent/guardian. Out-patients and in-patients were recruited at 5 centres. Patients
were followed by trained study physicians using standardised case report forms
(CRFs) describing clinical, laboratory, diagnostic and management information
in detail. Ethical approval was obtained from the Ethics Review Committee of
WHO and each institution involved. Two or three samples were collected for
each patient, during the acute (days 1 to 5 of fever onset) and convalescent (days
7 to 14) phases. For each patient was determinate the day of defervescence, de-
fined as day 0. Dengue diagnosis was confirmed by virological (virus isolation
and/or RT-PCR detection) and/or serological methods (IgM and/or IgG) [12]
[13] [14]. The patients were classified according to the type of infection (primary
or secondary) and following the WHO criteria for the clinical classification of
dengue (D) and severe dengue (SD) [15] [16]. The NS1 detection and IgM, IgA,

IgE responses were studied in the tested samples.

2.3. Characteristics of the Study Population

Between August 2006 and May 2007 a total of 2259 patients were recruited to
the DENCO study at the 11 participating hospitals. NS1 detection was at-
tempted using at least one of the two NS1 tests in 1821 patients. From amongst
the 1821 patients, there were 1385 with laboratory-confirmed dengue (Dataset
for analysis) and 45 with no laboratory evidence of acute or recent dengue
[11]. In this work, we use only serum samples from Venezuela and Nicaragua

patients.

2.4. Laboratory Investigations

Serological and virological dengue diagnostics were performed in each partici-
pating country according to local protocols, with support provided by WHO
designated laboratories as necessary. The definitions employed for “confirmed
dengue case” was RT-PCR positive or virus isolation positive and IgM serocon-
version (paired samples) and IgG seroconversion or fourfold or greater increase
in titer (paired samples). All tests processed by Managua and Maracay Hospitals
were repeated at IPK, Cuba. The study was enrolled 71 patients from Venezuela

and 23 from Nicaragua.

2.5. Virus and Antigens

Dengue antigens used in the serological studies were obtained from infected

suckling mice brain extracted by the sucrose-acetone method [17]. Reference
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dengue viruses strains were employed: dengue 1 (Hawaii strain), dengue 2 (New
Guinea C strain), dengue 3 (H-87 strain) and dengue 4 (H-241 strain).

2.6. ELISA Tests

In-house ELISA tests were used with the conditions previously established: IgM,
IgA and IgE antibody capture immunoassays (MAC-ELISA, AAC-ELISA, EAC-
ELISA) and ELISA Inhibition Method (EIM) for IgG antibody detection [13]
[14]. A serum sample was considered positive by MAC and AAC-ELISA when
the optical density ratio (OD ratio) was =2 and for EAC-ELISA test > 1.4. This
value was calculated as P/N where P represents the OD of each serum sample
and N represents the mean OD of the negative control wells. By EIM the inhi-
bition percentage was calculated as: Inhibition % = [1 — (OD simple/OD nega-
tive control)] x 100. The antibody titer of each serum was considered as the
highest dilution (between 20 and 10240) with a percentage of inhibition 250. A
serum with a percentage of inhibition <50 was considered negative for IgG
dengue antibodies (<20). Platelia Dengue NS1 AG ELISA (BioRad, France) for
the detection of NS1 protein was performed according to the manufacturer’s
recommendations. Sample result is expressed by Ratio using the following
formula: Sample Ratio = S/CO, where S is the OD obtained in the sample and
CO is the cut-off value corresponds to the mean value of duplicate OD. A
sample ratio <0.5 corresponds to negative; 0.5 < ratio < 1.0 is equivocal and >1.0

is positive.

2.7. Statistical Analysis

Original data analysis was performed at the Section of Clinical Tropical Medi-
cine at the University of Heidelberg, Germany, using STATA versions 9.2 and
10, (STATA corporation, College Park, Texas) [11]. To determine IgM, IgA, IgE,
NS1 OD mean ratios and mean of defervescence days with confidence interval
(CI) 95% in primary and secondary cases was employed GraphPad Prism 5 pro-
gram (2007). Also, Excel program 2007 was used for figures.

3. Results

3.1. Venezuela and Nicaragua Patients’ Classification

In the study were enrolled 71 patients from Venezuela and 23 from Nicaragua.
These patients were classified according to the type of infection in 10 primary
cases and 84 secondary cases. Also, according to the WHO dengue clinical clas-
sification, 80 patients were classified as D and 14 as SD (Figure 1). In the Vene-
zuelan group 6 (8.5%) patients were classified as primary and 65 (91.5%) as sec-
ondary cases; 62 cases were classified as D and 9 as SD cases. In the Nicaraguan
group 4 (17.4%) patients were classified as primary and 19 (82.6%) as secondary
cases, with 18 as D and 5 as SD cases.

All primary and secondary cases were analysed together independently of the

origin country due to the small number of primary D/SD samples for the study.
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Country: N icaragu%
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Figure 1. Venezuelan and Nicaraguan dengue patients classified by infection type and
WHO 2009 clinical criteria [Dengue (D) and Dengue severe (SD)].

3.2. Kinetics of NS1, IgM, IgA and IgE in Serum Samples from
Primary and Secondary D Cases

The detection of the different markers in primary and secondary D cases was
analysed in relation to the day of defervescence (day 0) (Figure 2). The mean of
defervescence day in primary and secondary D cases was 5.00 (CI 95%: 3.42 -
6.58) and 5.34 (CI 95%: 5.06 - 5.66) respectively.

In primary cases (Figure 2(A)), NS1 was detected from day —4 to day 1, with
the highest OD mean values before day 0. Specific IgM was detected from day -2
although higher positivity was observed after day 0 Specific IgA only was de-
tected at day 1 in one convalescent serum sample and specific IgE was not de-
tected for primary D cases. In secondary cases (Figure 2(B)), NS1 protein was
detected as early as day —5 with the highest OD mean ratio on this day. Also a
decrease toward day 2 was observed in relation with the increase of the IgM re-
sponse. However, positive OD mean ratios in relation to three positive conva-
lescent samples were observed at days 6 and 7 after day 0. A progressive increase
of IgM antibody was observed from day —4, with a similar pattern for IgA and
IgE but starting at day —2. In this group, the highest OD values were observed in

samples collected after day 0 for all serological markers.

3.3. Kinetics of NS1, IgM, IgA and IgE in Serum Samples from
Primary and Secondary SD Cases

The mean of defervescence day in primary and secondary SD cases was 6.50 (CI
95%: 0.17 - 12.85) and 5.90 (CI 95%: 5.21 - 6.64) respectively.

Two SD patients developed a primary infection. From them, five serum sam-
ples were collected. NS1 was detected as early as day —3 and kept in detectable
levels until day of defervescence (Figure 2(c)). NS1 decreased as IgM increased.
IgM was detected at day —1 with a trend to increase OD for samples collected
after day 0. IgA and IgE levels were almost absent, being detected only in two
samples. In secondary SD cases (Figure 2(d)), levels of NS1 protein decreased in
time and showed highest values in days before defervescence. However, serum
samples with NS1 at days 5, 6 and >7 were still detected. The serological markers
(IgM, IgA and IgE) revealed a tendency to increase OD in time with highest val-
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Figure 2. Kinetics of NS1, IgM, IgA and IgE from serum samples of primary and secondary D/SD cases in relation with deferves-
cence day (day 0). (a) primary (d) (b) Secondary (d) (c) Primary DS and (d) Secondary SD. The principal y-axis shows the optical

density (OD) mean ratio.

ues in days after defervescence. IgM was detected from day —3 and IgA and IgE
at day —2.

3.4. Levels of NS1, IgM, IgA and IgE Serum Samples from Primary
and Secondary D Cases

Levels of NS1, IgM, IgA and IgE in serum samples from D patients with primary
and secondary infection are shown in Figure 3.

In primary cases, highest NS1 OD and positive percentage (83.3%) values in
days before defervescence were showed. (Figure 3(a)). After day 0, the positivity
was almost absent (29%) with detected levels until day 1. Levels of IgM antibod-
ies begin to be detectable in day before day 0 but highest positive percentage
(86.0 %) was obtained in days after defervescence with a tendency to increase at
the time (Figure 3(c)). IgA and IgE levels were almost absent in primary cases
(Figure 3(e) and Figure 3(g)), with poor percentages of 29.0% and 14.3% re-
spectively after defervescence. In the same way, secondary cases showed highest
positive percentage (51%) in days before defervescence decreasing at the time.
Levels of NS1 remain detected until day >7, representing collected samples in the
convalescence phase of illness (around day 10 or more of fever onset) (Figure
3(b)). For the serological markers, highest percentages of 89.2 (IgM), 52.3 (IgA)
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Figure 3. Levels of NS1, IgM, IgA and IgE from serum samples of primary and secondary D cases in relation with defervescence
day (day 0). (a) (c) (e) (g) NS1, IgM, IgA and IgE for primary (d) cases; (b) (d) (f) (h) NS1, IgM, IgA and IgE for secondary D.

and 72.3 (IgE) in samples collected after defervescence were found (Figure 3(d),
Figure 3(f) and Figure 3(h)).
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3.5. Levels of NS1, IgM, IgA and IgE Serum Samples from Primary
and Secondary SD Cases

Levels of NS1, IgM, IgA and IgE in serum samples from SD patients with pri-
mary and secondary infection are shown Figure 4. In primary SD cases, the
tendency for NS1 protein levels is to increase the highest level (100%) in days
before defervescence contrary to the serological markers, which showed a rise at
time although with a low positivity for IgA and IgE (Figure 4(c), Figure 4(e)
and Figure 4(g)). For secondary SD cases, highest percentage (63.2%) was ob-
served before day 0 and a persistence of NS1 protein similar to secondary D
cases was detected (Figure 4(b)). The serological responses were also similar to
secondary D cases (Figure 3(d), Figure 3(f) and Figure 3(h)).

4. Discussion

For dengue disease, fever and other general complaints are considered as early
clinical manifestations between first and second day of the disease and only after
the third day defervescence are observed and with great importance for severe
cases [18].

NSI1 is a highly conserved glycoprotein that exists in multiple oligomeric
forms and is found at different cellular locations: either cell-membrane-associ-
ated (mNS1), in vesicular compartments within the cell or on the cell surface,
and as a secreted lipid-rich, extracellular (nonvirion) species [19]. Recently, NS1
has been proposed as an early marker of dengue infection. ELISAs for NS1 anti-
gen detection have demonstrated the presence of high concentrations in acute
sera from dengue patients [7] [20] [21], coinciding the viremic and febrile peri-
ods [22] [23].

In the present work, early detectable NS1 ratios from primary and secondary
dengue patients were showed, independently of the clinical picture. The best pe-
riod of NS1 detection was in days before defervescence day (between days 0 and
4). The non-detectable NS1 levels toward day 2 after defervescence could be re-
lated to the production of anti-NS1 antibodies that may form immune com-
plexes and target epitopes are not accessible to either the plate-bound or probe
mAb in the NS1 ELISA. However, in some samples from secondary cases, NS1
remain detectable at day 10 or more of onset of fever. Alcon et al. (2002), Shu et
al (2003 and Dussart et al (2006) [24] [25] [26] are in agreement about the de-
tection of NS1 antigen until days 8 and 9 of onset while [27] [28] found detect-
able NS1 until days 14 and 18 of onset.

Primary dengue infection is characterized by an increase in the level of den-
gue-specific IgM antibody 3 - 5 days after the onset of symptoms, accompanied
by low levels of dengue-specific IgG antibodies. In a secondary infection, den-
gue-specific IgM antibody can be present, whereas IgG increases rapidly to very
high levels at days 1 to 2 after onset of symptoms [5] [29]. Here, IgM levels start
to increase earlier in secondary than primary D cases. For severe cases, the IgM
responses were analogous to D cases. Highest OD mean ratios after deferves-

cence always were showed. Although a variable and sometimes absent IgM res-
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ponse has been reported in secondary dengue infections [30] [31] [32], we don’t
observed this behaviour. Memory B cell could be playing an important role in
the secondary dengue immune response. Generally, memory B cells response has
been associated to the IgG release and not to IgM. B cells expressing CD27
molecule on their surface and undergo somatic hypermutation in immu-
noglobulin (Ig) variable (V)-region genes, generate Igs rapidly and vigorously in
the secondary immune response [33] [34]. Some authors have described the
presence of a population of memory B cells (IgM*IgD*CD27") in variable
amounts into the memory B cell pool of human peripheral blood [33] [35] [36]
and have been announcement its capacity to produce a high-affinity IgM anti-
body following stimulation [37] [38]. High homology between dengue serotypes
and recognition of common epitopes, during a sequential could explain the IgM
levels detected in our cases.

Dengue IgA antibody detection in serum samples from individuals with den-
gue infections have been proposed as a serological marker for diagnosis [9] [39]
and as an indicator of recent infection [40] [41]. In this study, highest IgA ratios
were observed for secondary D and SD cases and mainly in samples collected af-
ter defervescence day. In all primary cases the responses were absent in days be-
fore day 0. The IgA has been commented with an analogous behaviour to IgG
antibody. In primary infection must be detectable after the release of IgM, while
in secondary infection IgA appear early in acute phase by the common epitopes
recognition by memory B cell clones circulating on blood [40] [42]. The induc-
tion of high-rate IgA levels requires a group of factors which must act synergis-
tically in the Ig production predominantly toward IgA isotype: engagement of
CD40 (B cells) by CD40 ligand (CD40L, Ag-activated CD4+ T cells) which de-
termines class switch gene recombination; TGF- £ secreted by CD40L-induced B
cells is required for switching to IgA; the presence of IL-10 increasing both the
number of IgA lymphocytes and the amount of secreted IgA. [43] demonstrated
higher serum levels of IL-10 in dengue patients associated with secondary infec-
tion and [44] suggested an important role of TGF-# and IL-10 mediators as
regulatory and anti-inflammatory cytokines, associating these presences with
protection in dengue secondary infection. Therefore, anti-dengue IgA detection
in serum samples could be evaluated as an alternative diagnostic for secondary
dengue case definition in early phase of infection (between days 0 and 4).

IgE antibody may play a protective role in some parasitic, bacterial and viral
infections in humans, and possess anti-tumor properties in vitro [45]. Some au-
thors have described IgE antibodies elevation in patients with dengue infections.
[46] found both total and specific increased of IgE levels in patients with DHF,
[47] observed higher levels of total IgE in dengue patients contrary to control
group (subjects with no exposure); [48] observed higher levels of specific IgE in
DHE/DSS cases than DF cases and healthy individuals; [13] found significant
differences of IgE OD ratios between primary and secondary dengue cases, ob-
serving the higher values for the last group. Similar to IgA response, IgE OD ra-
tios were detectable in secondary D and SD infection while in primary was ab-

sent. The highest IgE values were detected in samples collected after deferves-

OALib Journal

10/16



D. Ruiz et al.

cence. IgE levels in sera were lower respect to IgM and IgA.

Isotype switching to IgE requires 2 signals: one signal is provided by IL-4 or
IL-13, which activates transcription at the IgE isotype-specific; the second that is
provided by ligation of CD40 on B cells by CD40L on T cells, which activates
DNA switch recombination [49]. The activation of the specific T helper 2 (Th2)
cells leads to expression of IL-4 and IL-13, and induction of class switching to
IgE. Although T cells are the source of both activation signals, basophile cells
express high levels of IL-4 and IL-13 after activation and have been suggested to
play a role in both polyclonal amplification of IgE production and differentiation
of Th2 cells, very similar to human mast cells which produce IL-4 in minor
amount than basophiles but could play a role in secondary dengue infection [49]
[50]. In dengue infections some pathologies has been associated with the devel-
opment of the several clinical picture, such as diabetes, sickle cell anaemia and
bronchial asthma [51] [52]. This last has been observed in patients with a higher
production of IgE and predisposition to a Th2 cell response, constituting a risk
for the severe illness [43], although we cannot assure that it was the cause of
some patients in this work. The use of IgE as a possible prognostic marker of se-
vere illness and the role of this antibody in the pathogenesis of dengue infection

should be more studied.

5. Conclusion

This paper shows the acute phase of illness as the best period for the detection of
dengue NS1 protein in human sera and suggests its utility as early and effective
diagnostic marker. IgM detection is still an invaluable tool for routine dengue
diagnosis but for samples collected after day 5 of onset of fever. Therefore, it’s
considered a delay diagnostic, representing a difficulty for definition of recent
infection case, mainly in countries where this illness is endemic. IgA response
could define a secondary infection in early acute phase of illness (between days 0
and 4), demonstrating its utility in (hyper)-endemic areas where more cases are
frequently associated with severe outcomes. Finally, IgA and IgE could be eva-
luated as prognostic marker associated to several picture of illness in secondary

dengue infections.
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