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Background: Brazil has a multiethnic population with a high diversity of

hemoglobinopathies. While screenings for beta-globin mutations are far more  com-

mon, alterations affecting alpha-globin genes are usually more silent and less well known.

The aim of this study was to describe the results of a screening program for alpha-globin

gene mutations in a representative sample of the Southeastern Brazilian population.

Methods: A total of 135,000 individuals, including patients with clinical suspicion of

hemoglobinopathies and their family members, randomly chosen individuals submitted

to  blood tests and blood donors who were abnormal hemoglobin carriers were analyzed.

The variants were screened by alkaline and acid electrophoreses, isoelectric focusing and

cation-exchange high performance liquid chromatography (HPLC) and the abnormal chains

were  investigated by reverse-phase high performance liquid chromatography (RP-HPLC).

Mutations were identified by molecular analyses, and the oxygen affinity, heme–heme coop-

erativity and Bohr effect of the variants were evaluated by functional tests.
Results: Four new and 22 rare variants were detected in 98 families. Some of these vari-

ants were found in co-inheritance with other hemoglobinopathies. Of the rare hemoglobins,

Hasharon, Stanleyville II and J-Rovigo were the most common, the first two being S-like and

associated with alpha-thalassemia.
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Conclusion: The variability of alpha-globin alterations reflects the high degree of racial

miscegenation and an intense internal migratory flow between different Brazilian regions.

This diversity highlights the importance of programs for diagnosing hemoglobinopathies

and preventing combinations that may lead to important clinical manifestations in

multiethnic populations.

© 2015 Associação Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published

by Elsevier Editora Ltda. All rights reserved.
Introduction

Alpha-globin chain variants are the result of point mutations
(single nucleotide polymorphisms – SNPs) or small base inser-
tions or deletions that affect the region encoding the �1 and �2

genes, thus resulting in amino acid substitutions in the protein
chains or even elongated chains.1

More  than 400 structural changes in the alpha-chain have
been described to date2, most of which are caused by simple
DNA base substitutions with the corresponding substitutions
of amino acid residues in the protein. Many  of these alter-
ations do not result in clinical symptoms; however, some
can affect the function of the hemoglobin (Hb) molecule,
resulting in erythrocytosis or cyanosis, and its stability, caus-
ing hemolytic anemia.3 In addition, there are elongated
and extremely unstable variants that lead to thalassemia
phenotypes.4

The Hemoglobinopathy Laboratory of the Hospital das Clin-
icas, Universidade Estadual de Campinas (UNICAMP), São
Paulo, Southeastern Brazil is a referral laboratory for the diag-
nosis of hemoglobinopathies. This paper summarizes the
alpha-chain structural variants identified in the laboratory
during its 30 years of existence.

Methods

To date, 135,000 cases have been investigated in this labora-
tory. This population sample includes patients with clinical
suspicion of hemoglobinopathies and their family members,
randomly chosen individuals who had blood tests and blood
donors who  were carriers of hemoglobin variants. The local
ethics committee approved this study and the subjects or
their legal guardians gave informed consent for participation.
Structural changes in the alpha-chain were identified in 124
individuals from 98 different families (approximately 0.1% of
the analyzed cases).

Peripheral blood samples were collected in tubes con-
taining EDTA, and hematological analyses were carried out
using an automated counter (Sysmex XE 2100, Sysmex, Kobe,
Japan). Hb variants were identified and characterized by elec-
trophoresis on cellulose acetate at pH 8.9 and agar gel at
pH 6.0, isoelectric focusing (RESOLVE Neonatal Hemoglobin
Test Kit, PerkinElmer Wallace, Akron, OH, USA) and cation

exchange high performance liquid chromatography (HPLC)
(VARIANT II, Bio-Rad Laboratories, Hercules, CA, USA). Abnor-
mal  globin chains were identified by reverse phase HPLC
(RP-HPLC) (Waters Alliance HPLC System, Waters, Milford, MA,
USA). Stability tests (heat stability and stability in n-butanol
and in isopropanol) and solubility tests were also carried out,
as well as an investigation of Heinz bodies and Hb H inclusion
bodies in red cells.5

Functional studies were carried out by plotting the
oxygen–hemoglobin dissociation curve at different pHs to
measure the Bohr effect and evaluate heme–heme cooper-
ativity of the globin chains in the presence and absence of
allosteric effectors.1,5–7

Genomic DNA samples were extracted from peripheral
blood leukocytes, initially by organic methods8 and, more
recently using a specific kit (Blood Genomic Prep Mini
Spin, GE Healthcare, UK). Alpha-globin genes were selec-
tively amplified by polymerase chain reaction (PCR) according
to the method described by Dodé et al.9 and sequenced
using an automated technique (ABI PRISM 377 DNA Auto-
mated Sequencer, Applied BioSystems, Foster City, CA,
USA). Mutations were confirmed by sequencing the oppo-
site DNA strand, family analysis and enzyme restriction
analysis, whenever possible. The presence of concomitant
deletional alpha-thalassemia was investigated by multiplex
PCR and gap PCR.10,11 The most common non-deletional
alpha-thalassemic mutations were also investigated when
these were suspected.12,13

Results

Four new alpha-chain variants (Table 1) and 22 rare variants
(Table 2) were detected, five of the latter concomitantly with
other structural or thalassemic mutations.

New  variants

The four new variants were identified in 13 individuals
belonging to six different families (Table 1). None resulted
in significant hematological or clinical abnormalities in their
carriers.

Hb Campinas [HBA2:c.80C>T p.Ala26Val] was first
described in a nine-year-old boy and his mother and
later was observed in three related individuals during a
hemoglobinopathy screening program.14

Hb Boa Esperança [HBA2:c.50A>C p.Lys16Thr] was identi-
fied in two unrelated individuals. Functional studies showed
that the stripped hemolysate of this Hb had less affinity for

oxygen than Hb A but that the addition of inositol hexaphos-
phate (IHP) to the stripped hemolysate resulted in increased
affinity. This abnormal function, however, may be compen-
sated in vivo by a higher proportion of normal Hb.15
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Table 1 – New alpha-globin variants identified.

New variant No. of
families/No. of
cases

Mutation �-genotype Clinical manifesta-
tions/hematological
alterations

Hb Boa Esperança  2/2 HBA2:c.50A>C p.Lys16Thr �Boa  Esperança�/�� No
Hb Campinas 2/5 HBA2:c.80C>T p.Ala26Val �Campinas�/�� No
Hb Bom Jesus da Lapa 1/3 HBA1:c.92A>C p.Glu30Ala ��B Jesus  da  Lapa/�� No
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Hb Itapira 1/3 HBA3:c.
Total 6/13

Two new mutations resulting in substitutions of the same
mino acid residue (glutamic acid at position 30) by chem-
cally similar residues were also identified: Hb Bom Jesus da
apa [HBA1:c.92A>C p.Glu30Ala] and Hb Itapira [HBA1:c.92A>T
.Glu30Val]. In both, a polar amino acid residue was replaced
y a nonpolar one, but no clinical manifestations were
bserved in the carriers. Hb Bom Jesus da Lapa was detected in
hree related heterozygous individuals of indigenous descent.
b Itapira, for which the mutation was found in a triplicate
lpha allele (���anti-3.7) and which accounted for only 5.5% of
otal Hb production, was found in three related individuals.15

are  variants

wenty-two rare alpha-chain variants were detected in 111
ndividuals from 92 different families. Of these, the most
revalent was Hb Hasharon (41 families, 45 cases) (Table 2),
orresponding to 44.6% of the families with rare alpha-chain
tructural variants. The second most prevalent variant was
b Stanleyville II (15 families, 17 cases – Table 2), correspond-

ng to 16.3% of the carrier families. In third place was Hb
-Rovigo, with nine affected families (10 cases) (Table 2) and
orresponding to 9.8% of the carrier families with rare alpha-
lobin variants. Hb Hasharon and Hb Stanleyville II resulted
n slightly altered hematological findings (hypochromia and

icrocytosis), which may be explained by the fact that they
ere in association with the −�3.7 deletion.

Hb Hasharon was found in heterozygosis (38 families, 41
ndividuals), in homozygosis (1 case) and in association with
ther mutations of globin genes. In one family, two individ-
als had both Hb Hasharon and Hb Rio Claro [HBA2:c.142G>C
.Asp47His; HBB:c.100G>A p.Val33Met], a beta-chain variant
ewly described in this laboratory.16 Both individuals had
icrocytosis and hypochromia (Table 2). In another family,
b Hasharon was detected with one �+ (IVS-I-110) and one
0 (CD39) allele in the same individual, who presented with a
ypical clinical course of thalassemia intermedia (Table 2).17

Like Hb Hasharon, Hb Stanleyville II was found con-
omitantly with other structural variants in two unrelated
ndividuals (Table 2). In the first, it was present with Hb S,
he most common structural variant in the Brazilian popu-
ation. In the second case, there was a combination of Hb
tanleyville II and Hb Campinas [HBA1:c.237C>G p.Asn78Lys;
BA2:c.80C>T p.Ala26Val] and the individual also had micro-

18
ytosis and hypochromia (Table 2). In both cases, the red
lood cells of the carriers showed microcytosis and hypochro-
ia  as the Hb Stanleyville II mutation was associated with

lpha-thalassemia (−�3.7 deletion).
 p.Glu30Val ���Itapira/�� No

Hb G-Norfolk was identified in combination with �0 (CD39)
thalassemia [HBA2:c.256G>A p.Asp85Asn; HBB:c.118C>T
p.Gln39Stop] in two related individuals resulting in microcy-
tosis and hypochromia (Table 2).

Hb Chelsea [HBA2:c.116C>T p.Thr38Ile] was found in two
related individuals, one with erythrocytosis and the other
without any abnormal hematological findings (Table 2).

Conversely, Hb Icaria [HBA2:c.427T>A p.Stop142Lys] was
identified in combination with a common �0 thalassemia
determinant, the (�)20.5 allele. Hb Icaria (X142K) is an elongated
chain with 31 extra residues and a change in the C-terminal
region of the protein [(142)Lys-Ala-Gly-Ala-Ser-Val-Ala-Val-
Pro-Pro-Ala-Arg-Trp-Ala-Ser-Gln-Arg-Ala-Leu-Leu-Pro-Ser-
Leu-His-Arg-Pro-Phe-Leu-Val-Phe-(172)Glu-COOH]. In this
case, the elongated and unstable alpha-chain in association
with the −(�)20.5 deletion, resulted in Hb H disease with high
levels of Hb H and Hb Bart’s (14.7% and 19.0%, respectively)
(Table 2).4

The other rare alpha-globin variants (Table 2) were found in
blood donors and asymptomatic individuals participating in a
hemoglobinopathy screening program, which also identified
most of the cases of Hb Hasharon, Hb Stanleyville and Hb J-
Rovigo.

Discussion

Hb variants and thalassemias have a diverse geographic dis-
tribution in Brazil as they are very closely related to the ethnic
origins of the population and the colonization process that
took place between the 16th and 19th centuries. The largest
ethnical influence during the colonization of Brazil was due to
Portuguese and African immigrants.

Brazil has the largest Black population in South America,
primarily as a result of the African slave trade which was
responsible for some 3.6 million black people entering the
country from the 16th century onwards, particularly to the
Northeast and Southeast. In the 19th century, other popula-
tions began to arrive, most notably Italian immigrants, who
came in large numbers to settle in the South and Southeast.
This miscegenation was also influenced by various migra-
tions from other European (Spain, Germany, Holland, Russia
and Poland), Asian (China, Japan and Korea) and Middle East-
ern countries, all of which contributed to the formation of
the Brazilian population. In addition, internal migratory flows

between the populations of different Brazilian states led to
miscegenation between all these population groups.19

This miscegenation has contributed to the high preva-
lence of hemoglobinopathies, reflecting the racial diversity
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Table 2 – Rare alpha-globin variants detected.

Hb variant Co-inheritance No. of
families/No.
of cases

Mutation �-Genotype Clinical
manifesta-
tions/hematological
alterations

Hb J-Paris-I 2/2 HBA2:c.38C>A p.Ala12Asp �J-Paris-I�/�� No
Hb I-Interlaken 1/1 HBA2:c.47G>C p.Gly15Asp �I-Interlaken�/�� No
Hb Chelsea 1/2 HBA2:c.116C>T p.Thr38Ile �Chelsea�/�� 1 of the carriers with

polycythemia
1 asymptomatic
carrier

Hb Hasharon 38/41 HBA2:c.142G>C p.Asp47His −�Hasharon/�� Microcytosis and
hypochromia

Hb Hasharon 1/1 HBA2:c.142G>C p.Asp47His −�Hasharon/−�Hasharon Microcytosis,
hypochromia and
polycythemia

Hb Hasharon +
Hb Rio Claro

1/2  HBA2:c.142G>C p.Asp47His;
HBB:c.100G>A p.Val33Met

−�Hasharon/�� Microcytosis and
hypochromia

Hb Hasharon +
�+ IVS-I-
110 + �0CD39

1/1  HBA2:c.142G>C p.Asp47His;
HBB:c.93-21G>A;
HBB:c.118C>T p.Gln39Stop

−�Hasharon/�� Thalassemia
intermedia clinical
feature

Hb J-Rovigo 9/10 HBA2:c.161C>A p.Ala53Asp �J-Rovigo�/�� No
Hb Shaare

Zedek
1/1  HBA2:c.169A>G p.Lys56Glu �Shaare Zedek�/�� No

Hb Pontoise 1/2 HBA2:c.191C>A p.Ala63Asp �Pontoise�/�� No
Hb Danesh-

gah Tehran
4/5  HBA2:c.218A>G p.His72Arg �Daneshgah  Tehran�/�� No

Hb G-Norfolk +
�0CD39

1/2  HBA2:c.256G>A
p.Asp85Asn;
HBB:c.118C>T p.Gln39Stop

�G-Norfolk�/�� Microcytosis and
hypochromia

Hb Cemenelum 1/2 HBA2:c.277C>T p.Arg92Trp �Cemenelum�/�� No
Hb Setif 1/5 HBA2:c.283G>T p.Asp94Tyr �Setif�/�� No
Hb Westmead 1/1 HBA2:c.369C>G p.His122Gln �Westmead�/�� No
Hb Jackson 1/1 HBA2:c.384G>C p.Lys127Asn �Jackson�/�� No
Hb Icaria 1/1* HBA2:c.427T>A

p.Stop142Lys
�Icaria�/�� No

Hb Icaria +
−(�)20.5hetero

1/1*  HBA2:c.427T>A
p.Stop142Lys

�Icaria�/−(�)20.5 Hb H Disease

Hb Douala 1/2 HBA1:c.11C>T p.Ser3Phe ��Douala/�� No
Hb Kurosaki 3/3 HBA1:c.22A>G p.Lys7Glu ��Kurosaki/�� No
Hb Ube-2 1/1 HBA1:c.205A>G p.Asn68Asp ��Ube-2/�� No
Hb G-Pest 1/1 HBA1:c.223G>A p.Asp74Asn ��G-Pest/�� No
Hb

Stanleyville-
II

13/15 HBA1:c.237C>G p.Asn78Lys −�Stanleyville-II/�� Microcytosis and
hypochromia

Hb Stanleyville-II +
Hb S

1/1  HBA1:c.237C>G p.Asn78Lys;
HBB:c.20A>T p.Glu6Val

−�Stanleyville-II/�� Microcytosis and
hypochromia

Hb Stanleyville-II +
Hb Campinas

1/1  HBA1:c.237C>G p.Asn78Lys;
HBA2:c.80C>T p.Ala26Val

−�Stanleyville-II/�Campinas� Microcytosis and
hypochromia

Hb Iwata 1/1 HBA1:c.263A>G p.His87Arg ��Iwata/�� No
Hb Tamano 2/4 HBA1:c.269A>G p.His89Arg ��Tamano/�� No
Hb Sunshine

Seth
1/1  HBA1:c.283G>C p.Asp94His ��Sunshine  Seth/�� No

Total 22 92/111
* Related individuals.

in each region of the country.19,20 Hence, any investigation
into the prevalence of hemoglobinopathies in Brazil must
take into account the historical processes involved in the
ethnic make-up of the population. To date, no evidence of
the existence of hemoglobinopathies in pre-Columbian Amer-

ica has been found, suggesting that these were brought
to the Americas and to Brazil by the various migratory
flows.20,21
Because it has the most developed economy in the coun-
try and is responsible for over half of the country’s output,
the southeast of Brazil is the main destination for migrants
from other countries and Brazilian regions. The State of São
Paulo in particular attracts the most immigrants as, in addition

to its economic strength, it has relatively good social indi-
cators. Indeed, the metropolitan region of Campinas, where
UNICAMP is located, has the highest human development
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ndex in Brazil according to United Nations Development Pro-
ram (UNDP) data.22 The population in this part of Brazil
s very mixed, mainly made up of individuals of Italian,
ortuguese, Amerindian, African, Arabic, German, Spanish,
apanese and Chinese descent.

This miscegenation is reflected in the great variety of
nusual hemoglobins identified in the cases referred to our

aboratory: Hb Stanleyville II, Hb Douala and Hb Chelsea
re from the African continent2,23,24; Hb Jackson is found
n Black Americans from Southwestern United States25; Hb

estmead, Hb Kurosaki, Hb Ube-2, Hb Iwata and Hb Tamano
re of Asian origin2,26–29; Hb Hasharon, Hb Shaare Zedek,
b Daneshgah-Tehran and Hb Setif are from the Middle
ast2,30–32; Hb J-Paris, Hb I-Interlaken, Hb J-Rovigo, Hb Pontoise,
b Cemenelum, Hb G-Norfolk and Hb Sunshine Seth are found

n European populations33–39; and Hb Icaria and Hb G-Pest
re from Eastern Europe.40,41 In this respect, different alpha-
lobin variants have been found in other Brazilian regions,
uch as in the state of Minas Gerais, where Hb Etobicoke, Hb
ttawa and Hb St. Luke’s were detected for the first time in
razil.42

Thus, despite the individuals analyzed here belonging to
 hospital sample and not reflecting the general population,
he variety of hemoglobins identified is the result of the con-
ributions made by the different population groups to the
thnic make-up of the Brazilian population and highlights the
mportance of programs for diagnosing hemoglobinopathies
n Brazil, particularly because of the large number of immi-
rants from countries with high risk for hemoglobinopathies.
he combination of alpha-chain variants with other struc-

ural or thalassemic mutations can result in clinically relevant
henotypes, highlighting the importance of characterizing
emoglobins.

onclusion

he findings presented here corroborate the high degree
f diversity among Hb variants in the Brazilian popula-
ion, in which miscegenation has increased the likelihood
f rare hemoglobinopathies. Identification of Hb variants
an therefore make a significant contribution to anthropo-
ogical studies of the different groups that make up the
razilian population and to an assessment of the incidence
f Hb variants, which, in combination with other com-
on  hemoglobinopathies, such as Hb S, Hb C and alpha-

nd beta-thalassemia, represent a public health problem in
razil. This information could be used by individuals and
heir families in genetic counseling. In addition, identification
nd characterization of new hemoglobin structural variants
ill contribute to a better understanding on the relation
etween structure and function of this and other important
roteins.

unding
his work was supported by the Fundação de Amparo
 Pesquisa do Estado de São Paulo (FAPESP) (grant nos.
008/57441-0 and 2010/00560-8 and fellowships 2009/18248-3

1

 1 5;3  7(2):103–108 107

and 2010/00154-0), the Conselho Nacional de Desenvolvi-
mento Científico e Tecnológico (CNPq) (grant no. 477407/2010-
2), the Instituto Nacional de Ciência e Tecnologia do
Sangue (INCTs) (grant no. 573780/2008-0) and Coordenação de
Aperfeiçoamento de Pessoal de Nivel Superior (CAPES).

Conflicts  of  interest

The authors declare no conflicts of interest.

 e  f  e  r  e  n  c  e  s

1. Bunn HF, Forget BG. Hemoglobin: molecular, genetic and
clinical aspects. Philadelphia, London, Toronto: W.B. Saunders
Company; 1986. p. 690.

2. Globin Gene Server. Available from:
http://globin.bx.psu.edu/hbvar/menu.html [cited 30.04.14].

3.  Steinberg MH, Forget BG, Higgs DR, Nagel RL. Disorders of
hemoglobin. New York: Cambridge University Press; 2001. p.
1268.

4. Kimura EM, Oliveira DM, Fertrin K, Pinheiro VR, Jorge SE,
Costa FF, et al. Hb H disease resulting from the association of
an �-thalassemia allele [−(�)] with an unstable �-globin
variant [Hb Icaria]: first report on the occurrence in Brazil.
Genet Mol Biol. 2009;32(4):712–5.

5. Dacie JV, Lewis SM. Practical hematology. 8th ed. New York:
Churchill Livingstone; 1995. p. 609.

6. Antonini E, Brunoni M. Hemoglobin and myoglobin in their
reaction with ligands. Amsterdam: North-Holland Publishing
Company; 1971. p. 435.

7. Rossi-Fanelli A, Antonini E. Studies on the oxygen and carbon
monoxide equilibria of human hemoglobin. Arch Biochem
Biophys. 1958;77(2):478–92.

8. Davis L, Dibner MD, Battey JF. Basis methods in molecular
biology. New York: Elsevier Science Publishing Co. Inc.; 1986.
p.  399.

9. Dodé C, Rochette J, Krishnamoorthy R. Locus assignment of
human alpha-mutation by selective amplification and direct
sequencing. Br J Haematol. 1990;76(2):275–81.

0. Chong SS, Boehm CD, Higgs DR, Cutting GR. Single tube
multiplex-PCR screen for common deletional determinants of
alpha-thalassemia. Blood. 2000;95(1):360–2.

1. Kattamis AC, Camaschella C, Sivera P, Surrey S, Fortina P.
Human alpha-thalassemia syndromes: detection of
molecular defects. Am J Hematol. 1996;53(2):81–91.

2. Hall GW, Thein SL, Newland AC, Chisholm M,
Traeger-Synodinos J, Kanavakis E, et al. A base substitution
(T  –> C) in codon 29 of the alpha 2-globin gene causes alpha
thalassaemia. Br J Haematol. 1993;85(3):546–52.

3. Bowden DK, Vickers MA, Higgs DR. A PCR-based strategy to
detect the common severe determinants of alpha
thalassaemia. Br J Haematol. 1992;81(1):104–8.

4. Wenning MR, Silva NM, Jorge SB, Kimura EM, Costa FF,
Torsoni, et al. Hb Campinas [alpha26(B7)Ala –> Val]: a novel,
electrophoretically silent, variant. Hemoglobin.
2000;24(2):143–8.

5. Jorge SE, Kimura EM, Oliveira DM, Ogo S, Albuquerque DM,
Costa FF, et al. Three new alpha-globin variants: Hb Itapira
[alpha30(B11)Glu –> Val (alpha1)], Hb Bom Jesus Da Lapa
[alpha30(B11)Glu –> Ala (alpha1)] and Hb Boa Esperança
2007;31(2):151–7.
6. Grignoli CR, Wenning MR, Sonati MF,  Kimura EM,  Arruda VR,

Saad ST, et al. Hb Rio Claro [beta34(B16)Val –> Met]: a novel

http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0215
http://globin.bx.psu.edu/hbvar/menu.html
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0225
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0230
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0235
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0240
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0245
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0250
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0255
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0260
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0265
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0270
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0275
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0280
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0285
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290


oter.

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

108  rev bras hematol hem

electrophoretically silent variant found in association with
Hb  Hasharon [alpha47(CE5)Asp –> His] and alpha-
thalassemia-2(−alpha3.7). Hemoglobin. 1999;23(2):177–82.

7. Costa FF, Figueredo MS, Sonati MF, Kimura EM, Martins CS.
The  IVS-I-110 (G –> T) and codon 39 (C –> T) beta-thalassemia
mutations in association with alpha-thal-2 (−3.7 Kb) and Hb
Hasharon [alpha 47(CE5)Asp –> His] in a Brazilian patient.
Hemoglobin. 1992;16(6):525–8.

8. Wenning MR, Kimura EM, Costa FF, Saad ST, Gervásio S, de
Jorge SB, et al. Alpha-globin genes: thalassemic and structural
alterations in a Brazilian populations. Braz J Med Biol Res.
2000;33(9):1041–5.

9. Zago MA, Costa FF. Hereditary haemoglobin disorders in
Brazil. Trans R Soc Trop Med Hyg. 1985;79(3):85–8.

0. Salzano FM, Bortolini MC. The evolution and genetics of Latin
American population. Cambridge: Cambridge University
Press; 2002. p. 511.

1. Varela V, Abreu S, Rossetti LC, Targovnik H. Most frequent
beta-thalassemia mutations in the Argentinian population.
Sangre. 1996;41(2):137–40.

2. Programa das Nações Unidas para o Desenvolvimento.
Available from: http://www.pnud.org.br [cited 26.04.14].

3. Van Ros G, Beale D, Lehmann H. Haemoglobin Stanleyville II
(alpha asparagine replaced by lysine). Br Med J.
1968;4(5623):92–3.

4. Préhu C, Hanichi A, Yapo AP, Claparols C, Promé D, Riou J,
et  al. Hb Douala [alpha3(A1)Ser –> Phe]: a new alpha1 gene
mutation in a Cameroonian woman heterozygous for Hb S
and a 3.7 kb deletional alpha-thalassemia. Hemoglobin.
2001;25(3):323–9.

5. Moo-Penn WF, Bechtel KC, Johnson MH, Jue DL, Holland S,
Huff  C, et al. Hemoglobin Jackson, alpha 127 (H10) Lys
replaced by Asn. Am J Clin Pathol. 1976;66(2):453–6.

6. Fleming PJ, Hughes WG, Farmilo RK, Wyatt K, Cooper WN.
Hemoglobin Westmead alpha 2 122(H5)His replaced by Gln
beta 2: a new hemoglobin variant with the substitution in the
alpha 1 beta 1 contact area. Hemoglobin. 1980;4(1):39–52.

7. Harano T, Harano K, Imai K, Murakami T, Matsubara H. Hb
Kurosaki [alpha 7(A5)Lys –> Glu]: a new alpha chain variant
found in a Japanese woman. Hemoglobin.
1995;19(3–4):197–201.

8. Miyaji T, Iuchi I, Yamamoto K, Ohba Y, Shibata S. Amino acid

substitution of hemoglobin Ube 2 (alpha-2 68asp beta-2): an
example of successful application of partial hydrolysis of
peptide with 5 per cent acetic acid. Clin Chim Acta.
1967;16(3):347–52.

4

 2 0 1 5;3  7(2):103–108

9. Ohba Y, Miyaji T, Hattori Y, Fuyuno K, Matsuoka M. Unstable
hemoglobins in Japan. Hemoglobin. 1980;4(3–4):
307–12.

0. Abramov A, Lehmann H, Robb L. Hb Shaare Zedek (alpha 56
E5  Lys leads to Glu). FEBS Lett. 1980;113(2):235–7.

1. Rahbar S, Nowazari G, Danéshmand P. Haemoglobin
Daneshgah-Tehran alpha2 72 (EPI) histidine–arginine betaA2.
Nat New Biol. 1973;245(148):268–9.

2. Wajcman H, Belkhodja O, Labie D. Hb Setif: G1(94) Asp-Tyr. A
new chain hemoglobin variant with substitution of the
residue involved in hydrogen bond between unlike subunits.
FEBS Lett. 1972;27(2):298–300.

3. Trincao C, De Melo JM, Lorkin PA, Lehmann H. Haemoglobin J
Paris in the south of Portugal (Algarve). Acta Haematol.
1968;39(5):291–8.

4. Marti HR, Pik C, Mosimann P. A new hemoglobin I variant:
HbI-Interlaken. Acta Haematol. 1964;32:9–16.

5. Alberti R, Mariuzzi GM, Artibani L, Bruni E, Tentori L. A new
haemoglobin variant: J-Rovigo alpha 53 (E-2) alanine leads to
aspartic acid. Biochim Biophys Acta. 1974;342(1):1–4.

6. Thillet J, Blouquit Y, Perrone F, Rosa J. Hemoglobin pontoise
alpha63 Ala replaced by Asp(E12). A new fast moving variant.
Biochim Biophys Acta. 1977;491(1):16–22.

7. Wajcman H, Kister J, M’Rad A, Soummer AM, Galacteros F. Hb
Cemenelum [alpha 92 (FG4) Arg –> Trp]: a hemoglobin variant
of  the alpha 1/beta 2 interface that displays a moderate
increase in oxygen affinity. Ann Hematol. 1994;68(2):
73–6.

8. Huntsman RG, Hall M, Lehmann H, Sukumaran PK. A second
and a third abnormal haemoglobin in Norfolk. Haemoglobin
G  Norfolk and haemoglobin D Norfolk. Br Med  J.
1963;1(5332):720–2.

9. Schroeder WA, Shelton JB, Shelton JR, Powars D. Hemoglobin
Sunshine Seth – alpha 2 (94 (G1) Asp replaced by His) beta 2.
Hemoglobin. 1979;3(2–3):145–59.

0. Clegg JB, Weatherall DJ, Contopolou-Griva I, Caroutsos K,
Poungouras P, Tsevrenis H. Haemoglobin Icaria, a new
chain-termination mutant with causes alpha thalassaemia.
Nature. 1974;251(5472):245–7.

1. Hollán SR, Szelenyi JG, Brimhall G, Duerst M, Jones RT, Koler
RD, et al. Multiple alpha chain loci for human haemoglobins:
Hb J-Buda and Hb G-Pest. Nature. 1972;235(5332):47–50.
2. Silva MR, Sendin SM, Araujo IC, Pimentel FS, Viana MB. Alpha
chain hemoglobins with electrophoretic mobility similar to
that of hemoglobin S in a newborn screening program. Rev
Bras Hematol Hemoter. 2013;35(2):109–14.

http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0290
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0295
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0300
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0305
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0310
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0315
http://www.pnud.org.br/
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0325
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0330
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0335
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0340
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0345
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0350
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0355
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0360
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0365
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0370
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0375
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0380
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0385
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0390
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0395
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0400
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0405
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0410
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0415
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420
http://refhub.elsevier.com/S1516-8484(15)00022-5/sbref0420

	Investigating alpha-globin structural variants: a retrospective review of 135,000 Brazilian individuals
	Introduction
	Methods
	Results
	New variants
	Rare variants

	Discussion
	Conclusion
	Funding
	Conflicts of interest
	References


