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a  b  s  t  r  a  c  t

The  efficiency  of  several  mouse  monoclonal  antibodies  (mAbs)  specific  to the  tick-borne  encephalitis
virus  (TBEV)  glycoprotein  E in  post-exposure  prophylaxis  was assessed,  and  mAb14D5  was  shown  to
be  the  most  active  of  all those  studied.  It was  proven  that the  hybridoma  cell  line 14D5  produced  one
immunoglobulin  H  chain  and  two L chains.  They  were  used  to construct  chimeric  antibodies  ch14D5a  and
ch14D5b,  the  affinity  constants  of which  were  2.6  ×  1010 M−1 and  1.0 × 107 M−1,  respectively,  according
to  the SPR-based  ProteOn  biosensor  assay.  The  neutralization  index  (IC )  of  ch14D5a  was  0.04  �g/ml  in
eywords:
himeric antibody
ick-borne encephalitis virus
ost-exposure prophylaxis
n vivo protection
irus neutralization
ffinity constant

50

the  focus  reduction  neutralization  test.  In  in  vivo experiments,  ch14D5a  at a dose  of 10  �g/mouse  resulted
in  a  100%  survival  of  the mice  infected  with 240  LD50 of  TBEV.  This chimeric  antibody  is  promising  for
further  development  of  prevention  and  therapeutic  drugs  against  TBEV.

© 2014  Elsevier  Ltd. All  rights  reserved.
. Introduction

Tick-borne encephalitis virus (TBEV), a member of the Flaviviri-
ae family, is the causative agent of one of the most dangerous
uman neuroinfections [1,2]. This virus is transmitted by Ixodi-
ae ticks and is endemic in many European countries, Russia,
orthern Kazakhstan, Mongolia, and China [3,4]. A single-stranded
ositive RNA genome (∼10–11 kb) of TBEV contains a single open
eading frame (ORF) flanked by 5′ and 3′ untranslated regions.
he ORF encodes a polypeptide (∼3400 amino acid residues) con-
isting of three structural proteins (C, prM, and E) and seven
on-structural proteins NS1, NS2A, NS2B, NS3, NS4A, NS4B, and
Please cite this article in press as: Baykov IK, et al. A protective chim
http://dx.doi.org/10.1016/j.vaccine.2014.05.012

S5 (RNA-dependent RNA polymerase). This polypeptide is cleaved
nd co- or post-translationally processed by host- or virus-specific
roteases [5]. Surface glycoprotein E mediates receptor binding; it

Abbreviations: TBEV, tick-borne encephalitis virus; ADE, antibody-dependent
nhancement; RU, response unit.
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is a major target for neutralizing antibodies and induces the host
protective immune response [2,5–7].

This virus causes several thousands of cases of tick-borne
encephalitis every year, with over half the cases recorded in
Russia [8]. Several vaccines have been designed for prevention
of this disease [9,10], namely, FSME-Immun (Baxter, Austria),
Encepur (Novartis Vaccines, Germany), EnceVir (Microgen, Russia),
and Anti-TBEV Vaccine Preparation and Klesch-E-Vak (Chumakov
Institute of Poliomyelitis and Viral Encephalitides, Russia); admin-
istration of these vaccines has demonstrated their high efficiency.
However, the rate of vaccinees in many regions of Russia still
remains <10%, while the number of persons bitten by ticks in Russia
is relatively high (400,000–600,000 per year) [11].

Currently, there are no specific therapeutic strategies approved
for use in Europe [12]. Specific anti-TBE serum immune globulin
(Encegam, FSME-Bulin), which was previously applied for post-
exposure treatment, is not used in Europe now [13]. However,
infections caused by the European subtype of TBEV, which is com-
mon in European countries, are mostly mild, whereas the infections
caused by Far-Eastern and Siberian subtypes of TBEV are more
severe with a higher mortality rate [14]. For this reason, in spite
eric antibody to tick-borne encephalitis virus. Vaccine (2014),

of the risk of possible side effects, specific serum immunoglob-
ulin (TBE immunoglobulin) produced from the blood plasma of
donors living in natural TBEV foci, is used for post-exposure
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rophylaxis and treatment in Russia and Kazakhstan [13,15,16].
he TBE immunoglobulin demonstrates a good therapeutic effect,
ut has certain disadvantages, similar to other preparations from
onor blood. Administration of the donor blood products is
lways accompanied by a certain biological risk. In addition, TBE
mmunoglobulin is in deficiency in some epidemic seasons due to
imitations in the amount of available donated blood.

The shortcomings of serum antibodies require the development
f alternative immunological preparations. As for most mouse-
erived monoclonal antibodies (mAbs), only the first treatment

s efficient and subsequent doses are rapidly eliminated due
o the human anti-mouse antibodies response. To counter this
roblem, chimeric antibodies containing more human and less

mmunogenic sequences have been developed. In these recom-
inant immunoglobulin molecules, the mouse variable domains,
roviding specificity and antiviral properties, are combined with
he constant domains of human antibodies [17,18]. Previously,
himeric antibodies against TBEV were constructed and one of
hem was shown to successfully inhibit TBEV infection in vitro [19].
his article describes the development of a new chimeric antibody
ble to protect mice from a lethal challenge with TBEV in vivo.

. Materials and methods

.1. Viruses

TBEV strain 205 (Far-Eastern subtype) and TBEV strain Abset-
arov (European subtype) were obtained from repositories at
he State Research Center of Virology and Biotechnology Vector,
oltsovo and Tomsk branch of the Federal State Unitary Company
Microgen”, respectively. All the experiments with live TBEV were
onducted under BSL-3 conditions.

.2. Construction of plasmids encoding chimeric antibodies

Total RNA was isolated from 5 × 106 murine hybridoma cells
4D5 [20] using an “RNeasy Mini kit” (QIAGEN) according to the
anufacturer’s instructions. The cDNA was synthesized and the

enes encoding variable domains of the mAb  heavy (VH) and light
VL) chains were amplified using a “Titan one tube RT-PCR kit”
Roche) with the primers described by Wang et al. [21]. Two
lasmid DNAs, pCH2 g and pCL2 h [22], derived from pcDNA 3.1
lasmid (Invitrogen), were used as expression vectors for anti-
ody production. After amplification, the VH and VL fragments
ere sequenced and re-amplified using the primers designed for

loning into the plasmids pCH2 g and pCL2 h: 5′-GAG GTG CAG
TG CTC GAG TCTGG-3′, 5′-GAC GGT GAC CAG GGT ACCCTG GCC-
′, 5′-GG GAT ATCGTG ATG ACC CAG TCC CC-3′, and 5′-CCG TTT
AT CTC AAG CTT GGT CCC-3′. The VH DNA fragment was  puri-
ed, digested with XhoI and Acc65I endonucleases, and inserted

nto the XhoI/Acc65I-digested plasmid pCH2 g to generate the
CH2g-14D5 plasmid, which contains the heavy chain gene of the
himeric antibody. Similarly, the VL DNA fragments were puri-
ed, digested with EcoRV and HindIII endonucleases, and inserted

nto the EcoRV/HindIII-digested plasmid pCL2 h to generate plas-
ids pCL2h-14D5a and pCL2h-14D5b containing the light chain

ene. The cloning accuracy was verified by sequencing using an
BI 3130xl sequencer (Applied Biosystems).

.3. Expression and purification of chimeric antibodies
Please cite this article in press as: Baykov IK, et al. A protective chim
http://dx.doi.org/10.1016/j.vaccine.2014.05.012

The pCH2g-14D5, pCL2h-14D5a, and pCL2h-14D5b plasmid
NAs were isolated with a “PureYield Plasmid Midiprep System”

Promega) and pCH2g-14D5/pCL2h-14D5a or pCH2g-14D5/pCL2h-
4D5b plasmid pairs were co-transfected into CHO-K1 cells for
 PRESS
 xxx (2014) xxx–xxx

transient expression using Lipofectamine 2000 Reagent (Invitro-
gen). Cell supernatant was  harvested and replaced daily for 6
days with a fresh Opti-MEM (Invitrogen) medium containing 2%
fetal bovine serum with ultra-low IgG content. The chimeric anti-
body was purified according to general recommendations [23]
with some modifications. Cell supernatant was clarified by cen-
trifugation for 15 min  at 12 000 g, filtered through a 0.22 �m
polyethersulfone filter and loaded onto a 4 ml  Protein A Sepharose
column pre-equilibrated with PBS (phosphate buffered saline).
After washing with 5 column volumes (CV) of PBS, the bovine
antibodies present in the culture medium were eluted with 3
CV of 0.1 M citric buffer pH 5.0 and the chimeric antibody with
3 CV of 0.1 M citric buffer pH 3.0. Absence of bovine antibodies
in the chimeric antibody preparation was confirmed by western-
blotting using anti-bovine IgG polyclonal conjugate (Sigma A5295).
The antibody was  concentrated and buffer-exchanged against PBS
containing 0.05% sodium azide using an Amicon Ultra-4 50 kDa
(Millipore) filter. The final preparation was stored at a concentra-
tion of over 1 mg/ml  at 4 ◦C.

2.4. Mass spectrometry analysis

Whole-molecule mass spectrometry analysis was  performed
using antibody purified on ZipTipC18 tips (Millipore). The anti-
body (∼5 �g) was  co-crystallized with sinapinic acid matrix and
the spectrum was recorded in a linear positive ion mode using an
Autoflex speed MALDI-TOF mass spectrometer (Bruker).

For peptide mass fingerprinting, the heavy and light chains
of the antibody were separated using 12% polyacrylamide
gel electrophoresis (SDS–PAGE) under reducing conditions. The
Coomassie-stained gel bands containing proteins were destained
by incubation with 50 mM NH4HCO3 solution in 50% acetonitrile
and then in 100% acetonitrile. An in-gel digestion with sequence
grade trypsin (Promega) was performed for each chain according
to the manufacturer’s manual. Peptides were extracted from the gel
with 50 �l of 25 mM NH4HCO3 solution, concentrated in a SpeedVac
(Eppendorf), and purified using ZipTipC18 tips (Millipore). The pep-
tides were co-crystallized with 2,5-dihydroxybenzoic acid matrix
to record the spectrum in reflective positive ion mode using an
Autoflex speed MALDI-TOF mass spectrometer (Bruker).

2.5. Affinity constants measurement

Kinetic and thermodynamic parameters of the interaction were
determined by a surface plasmon resonance (SPR) method using a
ProteOn XPR36 System (Bio-Rad). The recombinant protein E [24]
was covalently immobilized by conventional NHS-EDAC chemistry
in 10 mM sodium acetate pH 4.5 at a 2700 response units (RU)
level onto a GLC sensor chip surface, followed by blocking with 1 M
ethanolamine–HCl. The reference surface was  prepared similarly
using PBS containing 0.005% Tween 20 (PBST) as a ligand solution.
Serial two-fold dilutions of appropriate antibody in PBST starting
from 50 nM were used as an analyte. The association step was per-
formed at a flow rate of 25 �l/min for 10 min; dissociation was  run
at a flow rate 25 �l/min for 4 h. Response data was  corrected using
interspot referencing. Global analysis of experimental data using a
single-site model or a heterogeneous analyte model was  performed
using the ProteOn Manager v. 3.1.0 software.
eric antibody to tick-borne encephalitis virus. Vaccine (2014),

2.6. Focus reduction neutralization test (FRNT)

FRNT was performed according to Levanov et al. [19] using TBEV
strain 205.

dx.doi.org/10.1016/j.vaccine.2014.05.012
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.7. In vivo antibody protection against TBEV

Antiviral activity of the monoclonal and chimeric antibodies was
ssessed using 10 g BALB/c mice (3 weeks old) intraperitoneally
nfected with 0.2 ml  of TBEV strain Absettarov stock. This animal

odel was described previously [25]. One day after infection, the
ice were treated intravenously with the antibody preparations.

he mice were observed for 21 days. The actual LD50 was  deter-
ined by the Reed–Muench method [26]. All animal procedures
ere carried out in accordance with the recommendations for

he protection of animals used for scientific purposes (EU Direc-
ive 2010/63/EU). The protocols were approved by the Committee
n the Ethics of Animal Experiments of the Administration of the
iberian Branch of the Russian Academy of Sciences.

. Results

.1. In vivo protection by mouse mAbs

Protective activity of mouse mAb14D5, mAb1B1, and mAb13D6,
ble to neutralize infectivity of TBEV in vitro [20], was  studied in a
BE peripheral mouse model [25]. The animals were infected with
pproximately 500 LD50 of the virus; mAbs were injected 24 h later
t a dose of 150 �g/mouse. This experiment demonstrated that the
ouse survival rate provided by mAb14D5 was higher compared
ith mAb13D6 and mAb1B1 (Fig. 1).

.2. Plasmid construction

RNA was isolated from the cells producing mAb14D5 and
sed for synthesizing the cDNA fragments encoding the variable
omains of the antibody. One fragment, VH14D5, was PCR-
mplified for the heavy chain, while three fragments with different
lectrophoretic mobilities, designated VL14D5a, VL14D5b, and
L14D5c, were synthesized for the light chain (Fig. 2). Subsequent
equencing demonstrated that the VH14D5 sequence belonged to
he IGHV1 family of mouse antibodies according to the IMGT clas-
ification (http://www.imgt.org/); VL14D5a to the IGKV10 family;
nd VL14D5b to the IGKV6 family. The VL14D5c sequence belonged
o the IGKV3-5 germline gene, but the insert of a genomic region
eading to a frameshift mutation is present.
Please cite this article in press as: Baykov IK, et al. A protective chim
http://dx.doi.org/10.1016/j.vaccine.2014.05.012

In order to clarify the number of light chains produced by the
4D5 hybridoma cell line, the fragments of trypsin hydrolyzed
Ab14D5 light chains were analyzed by mass spectrometry. This

howed that the preparation contained the antibody molecules

ig. 1. Efficacy of anti-TBEV mouse mAbs post-exposure prophylaxis. Ten 10 g
ALB/c mice were treated with 150 �g indicated mAbs via an i.v. injection one day
fter infection with 500 LD50 of TBEV. *p < 0.05; **p < 0.005 (log-rank test).
Fig. 2. Nondenaturing 6% polyacrylamide gel electrophoresis of cDNA fragments
derived from mAb14D5 cells. M represents pQpE plasmid DNA digested with HaeIII
restriction endonuclease.

with light chains of two types: light 14D5a and light 14D5b
(Fig. 3A). No peaks corresponding to the nonfunctional light 14D5c
light chain were found in the spectrum. The height ratio of the peaks
corresponding to light 14D5a peptide LLIYYTSR ([M+H+] = 1028.6)
and light 14D5b peptide LLIYSASYR ([M+H+] = 1085.6 suggests that
the molar ratio of light 14D5a and light 14D5b light chains in the
preparation is approximately 1:3.

The DNA fragments VH14D5, VL14D5a, and VL14D5b were
used to construct expression plasmids. The VH14D5 fragment was
inserted into the plasmid pCH2 g [22], containing the fragments
encoding a leader peptide, CH1, CH2, and CH3 constant domains of
human IgG1 antibodies, and neomycin resistance gene. The final
plasmid was designated pCH2g-14D5 (Fig. S1A). The fragments
VL14D5a and VL14D5b were inserted into the plasmid pCL2 h [22],
carrying the fragments encoding a leader peptide, the constant
domain of human antibody kappa chains, and hygromycin B resis-
tance gene. The final plasmids were designated pCL2h-14D5a (Fig.
S1B) and pCL2h-14D5b.

Supplementary Fig. 1 related to this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.vaccine.2014.05.012.

3.3. Production and purification of chimeric antibodies

Chimeric antibody ch14D5a was obtained by the co-transfection
of a CHO-K1 cell line with the plasmids pCH2g-14D5 and
pCL2h-14D5a and transient expression of the genes encoding the
antibody light and heavy chains. The ch14D5a antibody with a
molecular weight of approximately 150 kDa was  isolated by chro-
matography on a Protein A Sepharose column; this was confirmed
by mass spectrometry (Fig. 4A). Electrophoresis under reducing
conditions showed that the protein contains both heavy and light
chains with molecular weights of 50 and 25 kDa, respectively
(Fig. 4B). Antibody ch14D5b was similarly obtained using plasmids
pCH2g-14D5 and pCL2h-14D5b and then purified and character-
ized in the same manner.

Compliance of the produced ch14D5a and ch14D5b pro-
teins with the initial genetic constructs was confirmed by mass
spectrometry of trypsin-hydrolyzed antibodies (Fig. 3B–D). The
ch14D5a light chain spectrum had a peak at 1028.6, which corre-
sponded to the peptide LLIYYTSR, and the ch14D5b light chain spec-
trum, a peak at 1085.6, corresponding to the peptide LLIYSASYR.
Sequence coverage of 80% was obtained for the ch14D5a antibody.
eric antibody to tick-borne encephalitis virus. Vaccine (2014),

3.4. Determination of affinity constants

The kinetic parameters and affinity constants for the inter-
action between the antibodies and recombinant protein E were

dx.doi.org/10.1016/j.vaccine.2014.05.012
http://www.imgt.org/
http://dx.doi.org/10.1016/j.vaccine.2014.05.012
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ig. 3. Mass spectrometry characterization of mAb  and chimeric antibody prepara
eavy chain (B), ch14D5a light chain (C), and ch14D5b light chain (D) in a reflective
hose  labeled with �c orrespond to light 14D5b. Peaks labeled with � correspond t
Please cite this article in press as: Baykov IK, et al. A protective chim
http://dx.doi.org/10.1016/j.vaccine.2014.05.012

etermined in a label-free biosensor assay using a ProteOn XPR36
ystem (Fig. 5 and Table 1). A simple single-site model failed to
rovide a good description for the interaction between mAb14D5,
ontaining different light chains, and protein E, leading to poor data

ig. 4. Electrophoretic and MS  analyses of recombinant antibodies (A) MALDI-TOF
ass spectrum of whole antibody ch14D5a in linear positive mode using sinapinic

cid matrix. Baseline correction was performed. (B) Coomassie blue stained 12%
DS–PAGE analysis of purified ch14D5a in reducing (lane 1) and nonreducing (lane
)  conditions as well as purified ch14D5b in reducing (lane 2) and nonreducing (lane
) conditions. M represents protein molecular weight marker
. MALDI-TOF mass spectra of tryptic digest of mAb14D5 light chains (A), ch14D5a
ive mode using DHB matrix. Peaks labeled with � correspond to light 14D5a, while
tant region of murine kappa chains.

fitting. However, a global analysis using the heterogeneous analyte
model gave a good quality fit. Since ch14D5a antibody, compared
to ch14D5b, displayed a considerably higher affinity for recombi-
nant protein E, further experiments were performed only with this
antibody.
eric antibody to tick-borne encephalitis virus. Vaccine (2014),

3.5. In vitro neutralization of TBEV by ch14D5a and mAb14D5

Serially diluted ch14D5a and parental mAb14D5 were ana-
lyzed for the neutralizing activity against TBEV strain 205 by FRNT.

Fig. 5. Comparison of the ch14D5a or mAb14D5 binding to recombinant protein
E.  Binding progress of the soluble ch14D5a (A) or mAb14D5 (B) at analyte concen-
trations of 3.12, 6.25, 12.5, 25 and 50 nM,  to recombinant protein E immobilized to
GLC sensor chip surface. Global kinetic analysis using a single-site model (A) and
single-site heterogeneous analyte model (B) (dotted lines).

dx.doi.org/10.1016/j.vaccine.2014.05.012
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Table  1
The kinetic parameters and affinity constants of antibodies.

Antibody Dissociation rate constant kd (s−1) Association rate constant ka (M−1 s−1) Equilibrium affinity constant KA (M−1)

ch14D5a 4.99 ± 0.55a × 10−6 1.30 ± 0.00 × 105 2.6 × 1010

ch14D5b 2.11 ± 0.03 × 10−3 2.10 ± 0.01 × 104 1.0 × 107

mAb14D5b 1.24 ± 0.05 × 10−4 1.05 ± 0.01 × 104 8.5 × 107

3.21 ± 0.06 × 10−3 1.57 ± 0.01 × 104 4.9 × 106

a Mean ± standard error.
b Data shown for high and low affinity sites of mAb14D5.

Fig. 6. Efficacy of anti-TBEV ch14D5a, mAb14D5, and TBE immunoglobulin post-
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xposure prophylaxis. Ten 10 g BALB/c mice were treated with indicated antibody
reparations via an i.v. injection one day after infection with 240 LD50 of TBEV.
p = 0.067 (log-rank test).

btained data suggested that both mAb14D5 and the ch14D5a
erived from the parental mAb14D5 were able to neutralize TBEV

n vitro. The 50% inhibition doses of ch14D5a and mAb14D5 were
.04 �g/ml and 0.5 �g/ml, respectively.

.6. In vivo protection against TBEV infection by ch14D5a and
Ab14D5

The protective properties of ch14D5a were assessed using 10 g
ALB/c mice. The animals were infected with 240 LD50 of TBEV
train Absettarov, and the antibody preparations were adminis-
ered 24 h after infection. The mouse mAb14D5 and human serum
mmunoglobulin against TBEV with a titer of 1:160 (Microgen, Rus-
ia) were also tested. In this experiment, treatment with ch14D5a
esulted in a 100% survival rate at a dose of both 80 �g/mouse and
0 �g/mouse, while mouse mAb14D5 provided a 70% survival rate
nly at a dose of 80 �g/mouse (Fig. 6). The experiment has shown
hat the protective activity of ch14D5a is higher than that of both

Ab14D5 and human serum immunoglobulin, which is currently
sed for TBE post-exposure prophylaxis and therapy. In the case of
he low dose of ch14D5a (0.5 �g/mouse), the mean survival time
as 8.3 ± 1.0 days compared to 7.7 ± 0.7 days for non-treated mice.
ccording to a log-rank test, there was no significant difference

p = 0.095) between these two survival curves.

. Discussion
Please cite this article in press as: Baykov IK, et al. A protective chim
http://dx.doi.org/10.1016/j.vaccine.2014.05.012

Recombinant antibodies intended for specific therapy and pre-
ention of various viral infections have been constructed [27].
imilar antibodies are being designed for flaviviruses, such as West
ile virus [28–30], dengue virus type 2 [31], yellow fever virus
[32], and Venezuelan equine encephalitis virus [33]. Commercially
available antibodies for TBE post-exposure prophylaxis and treat-
ment are currently absent, and development of such antibodies that
would be produced in cell cultures under standard conditions is an
important challenge.

Previously, a panel of mouse mAbs specific to envelope gly-
coprotein E was developed. Some of these mAbs were proven to
inhibit TBEV infection in vitro [20]. We have assessed the post-
exposure prophylaxis activity of several most promising mAbs in
in vivo experiments with a mouse model. MAb14D5 demonstrated
the highest ability to protect mice from a lethal challenge of TBEV,
and so its variable domains were used to construct a chimeric anti-
body.

Cloning and sequencing of mAb14D5 VH and VL genes have
shown that hybridoma 14D5 produces two  different light chains
with variable domains VLa and VLb, and that the ratio, according
to mass spectrometry, of these chains in a purified preparation of
mAb14D5 is 1:3. Using the genes encoding the VH, VLa, and VLb
domains of mouse mAb14D5 and the CH and CL genes of human
immunoglobulin IgG1/kappa, we  constructed two  chimeric anti-
bodies: ch14D5a and ch14D5b. The contribution of light chains to
the affinity of these antibodies appeared to be considerable, and
their affinity constants differed by over two orders of magnitude.

The chimeric antibody ch14D5a is more efficient compared to
ch13D6, which was  constructed earlier [19]. The affinity of ch14D5a
for glycoprotein E was  two orders of magnitude higher compared to
ch13D6. In in vitro experiments, ch14D5a more efficiently inhibited
TBEV infectivity as compared with ch13D6 (IC50 for ch14D5a is
0.04 �g/ml vs. 4.5 �g/ml for ch13D6). In addition, ch14D5a, at a
dose of 80 and 10 �g/mouse, resulted in a 100% survival of the mice
infected with 240 LD50 of TBEV, whereas any protective activity of
ch13D6 was not observed.

Moreover, ch14D5a displayed better antiviral properties as
compared with the parental mAb14D5. According to FRNT, the inhi-
bition of TBEV infectivity provided by ch14D5a was over ten-fold
more efficient as compared with mAb14D5. A higher efficiency of
ch14D5a is explained by the hybridoma cell line 14D5 synthesiz-
ing two types of light chains, La and Lb. Random joining of light
and heavy chains suggests that the mAb14D5 preparation may con-
tain the immunoglobulin molecules of LaHHLa, LaHHLb, and LbHHLb
types, while ch14D5a contains only a high affinity antibody.

There are some concerns that passive immunization can induce
antibody-dependent enhancement (ADE) of infection [34,35]. It
is believed that ADE is associated with sub-neutralizing concen-
tration of protective antibodies or the presence of non-protective
antibodies in the preparation [13,36]. ADE has been observed in
infections caused by the dengue virus [37]. In in vitro experi-
ments, ADE has been also detected in infections with the Japanese
encephalitis virus, Murray Valley virus [13], West Nile Virus [38],
and TBEV [39]. However, no enhancement of infection with TBEV
has been found in in vivo experiments [13,39]. In our in vivo exper-
eric antibody to tick-borne encephalitis virus. Vaccine (2014),

iments, ADE was not observed when mice were treated with a low
ch14D5a dose (0.5 �g/mouse), which did not protect animals from
lethal TBEV doses but also did not reduce their average lifespan
(Fig. 6).

dx.doi.org/10.1016/j.vaccine.2014.05.012
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When designing recombinant therapeutics, the degree of
umanization of protein molecules is of importance. The ch14D5a
omology to human antibodies computed using the Abysis
atabase (http://www.bioinf.org.uk/abysis/) is 98.3%. The glycosyl-
tion profile of the antibodies produced in CHO cells is similar to
hat of human antibodies [40,41].

To date, the most effective way of preventing TBE infection is
ia active vaccination [2]. Despite the availability of effective anti-
BE vaccines, the overall vaccination rate in Russia is still low,
esulting in thousands of TBE cases, including severe infections [9].
ven in European countries with a high vaccination rate, severe
BE infections still occur [4]. For the treatment of such cases new
rugs or therapeutic strategies should be developed. Thus, the pos-
ibility of using high doses of intravenous immunoglobulin (IVIG)
or the treatment of severe TBE infections is discussed [42]. Appli-
ation of high dose IVIG in the treatment of flavivirus infections
ncluding severe TBE case provided some improvements; however,
his preparation caused a number of side effects, including asep-
ic meningitis, renal failure, etc., reviewed in [42]. For this reason,

 highly protective antibody against TBEV or cocktail of such anti-
odies could be more preferable for therapy of TBE infections. If the
h14D5a antibody demonstrates efficacy in a later post-infection
pplication, it might be further used in designing potential anti-TBE
herapeutics.
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42] Růžek D, Dobler G, Niller HH.  May  early intervention with high dose intra-
venous immunoglobulin pose a potentially successful treatment for severe
cases of tick-borne encephalitis? BMC  Infect Dis 2013;13:306.

dx.doi.org/10.1016/j.vaccine.2014.05.012
http://www.bioinf.org.uk/abysis/
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0005
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0010
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0010
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0010
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0010
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0010
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0010
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0010
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0010
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0010
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0010
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0010
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0010
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0020
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0025
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0030
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0035
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0040
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0040
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0040
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0040
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0040
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0040
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0040
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0040
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0040
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0040
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0045
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0050
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0050
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0050
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0050
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0050
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0050
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0050
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0050
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0050
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0050
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0050
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0050
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0050
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0050
http://rospotrebnadzor.ru/rss_all/-/asset_publisher/Kq6J/content/id/1805518
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0060
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0060
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0060
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0060
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0060
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0060
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0060
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0060
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0060
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0060
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0060
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0060
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0060
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0065
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0070
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0075
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0080
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0085
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0090
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0095
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0100
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0105
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0110
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0115
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0115
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0115
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0115
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0115
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0115
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0115
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0115
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0115
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0115
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0115
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0125
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0130
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0135
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0140
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0145
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0150
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0155
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0160
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0165
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0170
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0175
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0180
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0185
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0190
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0195
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0200
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0205
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210
http://refhub.elsevier.com/S0264-410X(14)00668-9/sbref0210

	A protective chimeric antibody to tick-borne encephalitis virus
	1 Introduction
	2 Materials and methods
	2.1 Viruses
	2.2 Construction of plasmids encoding chimeric antibodies
	2.3 Expression and purification of chimeric antibodies
	2.4 Mass spectrometry analysis
	2.5 Affinity constants measurement
	2.6 Focus reduction neutralization test (FRNT)
	2.7 In vivo antibody protection against TBEV

	3 Results
	3.1 In vivo protection by mouse mAbs
	3.2 Plasmid construction
	3.3 Production and purification of chimeric antibodies
	3.4 Determination of affinity constants
	3.5 In vitro neutralization of TBEV by ch14D5a and mAb14D5
	3.6 In vivo protection against TBEV infection by ch14D5a and mAb14D5

	4 Discussion
	Acknowledgments
	References


