BRAZ J INFECT DIS 2020;24(1):85-88

The Brazilian Journal of 1

INFECTIOUS DISEASES INFECTIOUS DSEASES

www.elsevier.com/locate/bjid

Brief communication

Check for
updates

Epitope of dengue virus E protein detect human
antibodies associated with mild disease: a
potential peptide for vaccine development

Gilma Sdnchez-Burgos ©© “*, Carla Herrera-Ndjera ©© %, Roberto Cedillo-Rivera © %1,
Eric Dumonteil © b2

a Instituto Mexicano del Seguro Social, Unidad Médica de Alta Especialidad, Hospital Regional 1 “Lic. Ignacio Garcia Téllez”, Mérida,
Mexico

b Universidad Auténoma de Yucatdn, Centro de Investigaciones Regionales “Dr. Hideyo Noguchi”, Laboratorio de Parasitologia, Mérida,
Mexico

ARTICLE INTFO ABSTRACT
Article history: The antigenic potential of seven immunogenic peptides of the dengue virus was evaluated
Received 27 August 2019 in the sera of patients with dengue confirmed by IgM/IgG serology. Antibodies IgM and IgG
Accepted 27 October 2019 against dengue virus peptides were analyzed by ELISA in 31 dengue sero-positive and 20
Available online 21 November 2019 sero-negative patients. The P5 peptide showed significant IgG immunoreactivity mostly in
the sera of patients with dengue without warning signs in comparison with patients with
Keywords: dengue with warning signs, correlating with mild disease. This finding suggests that the
Dengue virus low antibody response against P5 epitope could be a risk factor for higher susceptibility
Epitopes to dengue virus infection with warning signs, and that PS5 could be a potential antigen for
Peptides vaccine development.
Antibodies © 2019 Sociedade Brasileira de Infectologia. Published by Elsevier Espana, S.L.U. This is
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Identification of the B- and T-cell epitopes of dengue virus topes that are either cross-reactive or specific for a secondary
(DENV) with antigenic potential has been important in under- infecting serotype.! In addition, the low magnitude of HLA
standing the pathogenesis of dengue and to develop vaccines. restricted responses of CD8* by predicted epitopes corre-
Thus, it was observed that T-cell responses to the original lated with disease susceptibility, whereas higher-magnitude
infecting serotype might limit responses directed against epi- responses were associated with more polyfunctional and
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Table 1 - Diagnosis and serologic characteristics of DENV infection in the population studied.

ID Sex Age years Test Positive Diagnosis Days post onset of fever OD 490 nm
1 F 26 IgM +IgG DWWS 3 0.0788
2 M 20 IgM +1gG DWWS 3 0.0900
3 M 20 IgM +1gG DWWS 6 0.0670
4 M 34 IgM +1gG DWWS 7 0.0926
5 M 18 IgM +1gG DWWS 6 0.0673
6 F 19 IgM +1gG DWWS 5 0.0680
7 M 26 IgM +IgG DWWS 5 0.0433
8 M 13 IgM +1gG DWWS 6 0.0948
9 F 16 IgM +1gG DWWS 6 0.0531

10 F 15 IgM +1gG DWWS 7 0.1071

11 M 21 IgM +IgG DWWS 4 0.0838

12 F Not known IgM +1gG DWOWS 7 0.5737

13 F 50 IgM +1gG DWOWS 12 0.3612

14 M 13 IgM +1gG DWWS 12 0.3735

15 F 14 IgM +1gG DWOWS 6 0.3825

16 F 11 IgM +1gG DWWS 5 0.4125

17 M 30 IgM +1gG DWWS 7 0.2115

18 M 58 IgM +IgG DWWS 0 0.1840

19 F 35 IgG DWOWS 20 0.3040

20 F 57 IgG DWOWS 2 0.2597

21 F 44 IgG DWOWS 4 0.3125

22 F 68 IgG DWOWS 3 0.3535

23 F 46 IgG DWOWS 2 0.4725

24 M 16 IgG DWWS 7 0.2450

25 M 30 IgG DWOWS 4 0.7235

26 F 30 IgG DWWS 5 0.0415

27 M 31 IgG DWWS 7 0.0695

28 F 17 IgG DWWS 4 0.1535

29 F 37 IgG DWOWS 4 0.1001

30 F 30 IgG DWWS 4 0.0726

31 M 25 IgG DWOWS 6 0.0481

DWWS, dengue with warning signs; DWOWS, dengue without warning signs. Cut off value 0.3486.

protective CD8* T cells.? A high throughput study of T-cell
responses to DENV-2 peptides revealed a significant associa-
tion between the magnitude of T-cell activation, mostly by NS3
protein and dengue severity.®> On the other hand, monoclonal
antibodies against epitopes of NS1 cross-react with molecules
expressed by platelets or with endothelial cells, which can be
associated with plasma leakage in severe dengue.*®

We reported several B- and T-cell DENV epitopes identified
by an immunoinformatic strategy, seven highly immunogenic
peptides induced mostly antibodies (P5, P13, and P19) and/or
CD4* T cells (P15, P18, P20, and P22) in mice.” Four of these
peptides belong to the protein NS5 (P18, P19, P20, and P22),
whereas P15, P13, and P5 are included in the amino-acid
sequences of NS4b, NS4a, and E proteins, respectively. Here,
we analyzed the antigenicity of these peptides by the detection
of anti-DENV antibodies in the sera of patients with dengue.

We aimed to identify the epitopes in DENV useful for evalu-
ation of humoral immune response against the four serotypes
related with mild and severe clinical manifestations, and their
implications for vaccine development.

Serum samples were obtained from patients with a clinical
and laboratory diagnosis of dengue at the Instituto Mexi-
cano del Seguro Social in Yucatan, Mexico. Ethical approval
was obtained from the Ethics Committee of the Institu-
tion (Approval Code No. 2010-785-041). As surveillance is
mandatory at the Instituto Mexicano del Seguro Social,

there is no requirement for informed consent, but all data
were maintained in privacy. All samples were tested by a
Dengue IgG/IgM Lafon® immunochromatographic cassette
(Standard Diagnostics, Inc., Korea), with Dengue IgM Cap-
ture ELISA (E-DENO1M/E-DENO1MO5) and Dengue IgG Capture
ELISA (E-DEN02G PanBio®, Brisbane, Australia). Sero-positive
patients were further classified into dengue without warn-
ing signs (DWOWS) or dengue with warning signs (DWWS)
groups according to the World Health Organization (WHO)
classification.? To compare the results employing the 1997
WHO Dengue Case Classification,® the sero-positive patients
were also grouped into dengue fever (DF) or dengue hemor-
rhagic fever (DHF).

The immunoreactivities of the reported synthetic peptides
P5, P13, P19, P15, P18, P20, and P22 were analyzed by ELISA
to detect IgM and IgG antibodies in the sera of patients with
dengue as reported.” All tests were run in triplicate.

Statistical significance was established at p<0.05 for all
parameters. Median values of optical density (OD) 490 nm
between groups were compared by the non-parametric
Mann-Whitney U test utilizing SPSS version 18 statistical soft-
ware. Estimation of risk or protection factor was determined
by odds ratio (OR).

Thirty-one serum samples were confirmed with DENV
infection from 14 male and 17 female patients, age between 11
and 68 years with an average of 28.61 years. Thirteen patients
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Fig. 1 - IgG antibodies detected with P5 in patients with
dengue without warning signs (DWOWS) and dengue with
warning signs (DWWS). Levels of IgG antibodies were
detected by ELISA with P5 peptide in the sera of patients
with DWOWS and in the sera of patients with DWWS.
Mann-Whitney U test showed a statistically significant
difference between the mean values of OD 490 nm of the
groups: sero-negative and DWOWS (p =0.004), DWOWS and
DWWS (p=0.002).

were only IgG-positive and 18 were IgG + IgM-positive (Table 1).
There were 10 patients confirmed with mild disease (DWOWS),
and 21 had severe dengue (DWWS).

None of the seven P5, P13, P19 P15, P18, P20, and P22 pep-
tides detected IgM antibodies in seropositive samples (data
not shown). Very low OD 490 nm levels were observed by ELISA
IgG utilizing P13, P19, P15, P18, P20, and P22. Only P5 pep-
tide detected variable levels of IgG antibodies in sera from 11
seropositive-patients with DWOWS (OD average, 0.354) and
20 patients with DWWS (OD average, 0.130). A statistically
significant difference of median OD 490nm values of IgG
was observed between these groups (Mann-Whitney U test,
p=0.002) (Fig. 1). Median OD values among 16 patients under
25 years of age and 15 patients over 25 years was not signifi-
cantly different (Mann-Whitney U test, p=0.252).

The strong association between mild dengue and
immunoreactivity of IgG antibodies against P5 was con-
firmed by means of OR=0.09 (range, 0.01-0.608). Similar
results were obtained when seropositive patients were
grouped according to the 1997 WHO Guidelines (data not
shown).

Key differences in the immunodominance of DENV pro-
teins for modulation of the adaptative immune response have
been reported. In a previous study, we reported synthetic
peptides from DENV epitopes that induced different immune
responses in immunized mice.”

The P18, P19, P20, and P22 epitopes of the NS5 protein acti-
vated T CD4" and B cells in mice, but they were unable to
show similar activation in humans, as can be inferred from our
negative IgG and IgM immunoreactivity results in the sera of
patients with dengue. In contrast, Rivino et al. demonstrated
that CD8* cells preferentially target NS3 and NS5 epitopes,

whereas CD4* and B lymphocytes recognize E, C, and NS1
epitopes.’® The immunogenic peptide P5’ is located in domain
I1I of protein E, which has been implicated as a receptor bind-
ing domain, and several neutralizing monoclonal antibodies
have their epitopes in this domain.'>'? In mice, P5 induced
moderate antibody levels and more T CD8* cell response,
suggesting a lesser capacity for B-cell induction.” However,
different levels of IgG antibodies were detected in the serum
samples of seropositive patients with dengue employing the
PS5 peptide in ELISA tests. As the P5 peptide is 89% conserve
among the four DENV serotypes, it would be expected that
the PS peptide would be able to react similarly with antibodies
from patients infected with different DENV. However, the P5
peptide has a single amino-acid variation in position 4 (R/K)
in DENV-2 and DENV-4, which could be the reason for non-
reactivity in some patients.

All patients but three with DWWS showed high lev-
els of antibodies detected more than three days after the
onset of fever, suggesting that P5 could detect antibodies
during the early convalescent phase of secondary dengue
infections. Furthermore, patients with the mild form of
the disease had higher levels of IgG antibodies up to four
and even seven days post-onset of fever, compared to
patients with DWWS, according to both WHO classification
systems.®?

In addition, a strong association between high levels
of anti-P5 antibodies and mild disease presentation was
observed (OR=0.09), suggesting that, in secondary infections,
low antibody response against P5 peptide could play a role
in higher susceptibility for developing warning signs. There-
fore, this could be relevant for the development of a potential
vaccine. In this sense, we demonstrated the antigenicity of
the P5 peptide, in addition to its immunogenicity in mice,
increase its potential as a vaccine candidate against DENV
infection.

In conclusion, a new antigenic epitope from the E pro-
tein of DENV previously identified in silico was able to
detect IgG antibodies in the sera of humans with mild
DENV infection, showing its potential use for studies on
dengue pathogenesis, disease diagnosis and vaccine develop-
ment.

Funding

The present study was supported by Consejo Nacional de Cien-
cia y Tecnologia (grant number SALUD-2007-01-68909).

Conflicts of interest

The authors declare no conflicts of interest.

REFERENCES

1. Weiskopf D, Angelo MA, Sydney J, et al. A. Immunodominance
changes as a function of infecting dengue virus serotype and
primary versus secondary infection. J Virol. 2014;88:11383-94.


http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0065

BRAZ J INFECT DIS.2020;24(1):85-88

. Weiskopf D, Angelo MA, de Azeredo EL, et al. Comprehensive
analysis of dengue virus-specific responses supports an
HLA-linked protective role for CD8+ T cells. Proc Natl Acad Sci
U S A. 2013;110:E2046-53.

. Duangchinda T, Dejnirattisai W, Vasanawathana S, et al.

Immunodominant T-cell responses to dengue virus NS3 are

associated with DHF. Proc Natl Acad Sci U S A.

2010;107:16922-7.

. Avirutnan P, Fuchs A, Hauhart RE, et al. Antagonism of the

complement component C4 by flavivirus nonstructural

protein NS1. ] Exp Med. 2010;207:793-806.

. Cheng HJ, Lei HY, Lin CF, et al. Anti-dengue virus

nonstructural protein 1 antibodies recognize protein disulfide

isomerase on platelets and inhibit platelet aggregation. Mol

Immunol. 2009;47:398-406.

. Liu IJ, Chiu CY, Chen YC, Wu HC. Molecular mimicry of human

endothelial cell antigen by autoantibodies to nonstructural

protein 1 of dengue virus. ] Biol Chem. 2011;286:9726-36.

. Sanchez-Burgos G, Ramos-Castaneda J, Cedillo-Rivera R,

Dumonteil E. Immunogenicity of novel dengue virus epitopes

10.

11.

12.

identified by bioinformatic analysis. Virus Res.
2010;153:113-20.

. World Health Organization. Dengue: guidelines for diagnosis,

treatment, prevention and control. New 2009 edition. Geneva,
Switzerland: World Health Organization; 2009.

. World Health Organization. Dengue haemorrhagic fever:

diagnosis, treatment, prevention, and control. 2nd ed.
Geneva, Switzerland: World Health Organization; 1997.
Rivino L, Kumaran EA, Jovanovic V, et al. Differential targeting
of viral components by CD4+ versus CD8+ T lymphocytes in
dengue virus infection. J Virol. 2013;87:2693-706.
Trirawatanapong T, Chandran B, Putnak R, Padmanabhan R.
Mapping of a region of dengue virus type-2 glycoprotein
required for binding by a neutralizing monoclonal antibody.
Gene. 1992;116:139-50.

Wahala WM, Kraus AA, Haymore LB, et al. Dengue virus
neutralization by human immune sera: role of envelope
protein domain Ill-reactive antibody. Virology.
2009;392:103-13.


http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0075
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0080
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0085
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30475-1/sbref0120

	Epitope of dengue virus E protein detect human antibodies associated with mild disease: a potential peptide for vaccine de...
	Funding
	Conflicts of interest
	References


