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a  b  s  t  r  a  c  t

Amblyomma  maculatum  (the  Gulf  Coast  tick),  an  aggressive,  human-biting,  Nearctic  and  Neotropical  tick,
is the  principal  vector  of  Rickettsia  parkeri  in the  United  States.  This  pathogenic  spotted  fever  group
Rickettsia  species  has  been  identified  in 8–52%  of questing  adult  Gulf  Coast  ticks  in the  southeastern
United States.  To  our knowledge,  R. parkeri  has  not  been  reported  previously  from  adult  specimens  of
A. maculatum  collected  in  Kansas  or Oklahoma.  A  total  of  216  adult  A.  maculatum  ticks  were  collected
from  18  counties  in  Kansas  and  Oklahoma  during  2011–2014  and  evaluated  by molecular  methods  for
evidence  of infection  with  R.  parkeri.  No  infections  with  this  agent  were  identified;  however,  47%  of  94
ticks  collected  from  Kansas  and  73% of  122  ticks  from  Oklahoma  were  infected  with  “Candidatus  Rickettsia
Candidatus Rickettsia andeanae”
ickettsial interference

andeanae”  a spotted  fever group  Rickettsia  species  of  undetermined  pathogenicity.  These preliminary  data
suggest that “Ca.  R. andeanae”  is well-adapted  to  survival  in populations  of  A.  maculatum  in Kansas  and
Oklahoma,  and  that its ubiquity  in  Gulf  Coast  ticks  in  these  states  may  effectively  exclude  R.  parkeri  from
their  shared  arthropod  host,  which  could  diminish  markedly  or preclude  entirely  the  occurrence  of  R.
parkeri  rickettsiosis  in  this  region  of  the  United  States.

Published  by Elsevier  GmbH.
ntroduction

Amblyomma maculatum (the Gulf Coast tick) is an aggressive,
uman-biting, Nearctic and Neotropical tick that is distributed
idely across many countries in the Western Hemisphere. In the

nited States, A. maculatum is the principal vector of Rickettsia
arkeri, a bacterial pathogen that causes a febrile, eschar- and rash-
ssociated illness that clinically resembles Rocky Mountain spotted

∗ Corresponding author at: Rickettsial Zoonoses Branch, Mailstop G-13, Centers
or Disease Control and Prevention, 1600 Clifton Road, Atlanta, GA 30333, United
tates. Tel.: +1 404 639 1309; fax: +1 404 639 4436.

E-mail address: CPaddock@cdc.gov (C.D. Paddock).

ttp://dx.doi.org/10.1016/j.ttbdis.2015.02.001
877-959X/Published by Elsevier GmbH.
fever (RMSF) (Paddock and Goddard, 2015). Populations of A. mac-
ulatum occur throughout the southeastern and south-central states
and along much of the eastern seaboard. Molecular surveys of Gulf
Coast ticks collected from several locations in multiple states within
its southern and eastern range reveal estimated rates of infection
with R. parkeri in 8–52% of questing adult ticks (Sumner et al., 2007;
Paddock et al., 2010; Fornadel et al., 2011; Wright et al., 2011;
Varela-Stokes et al., 2011; Jiang et al., 2012; Ferrari et al., 2012;
Nadolny et al., 2014; Florin et al., 2013; Pagac et al., 2014; Florin
et al., 2014). More than 35 cases of R. parkeri rickettsiosis have been

identified in patients from 9 states (Paddock and Goddard, 2015).

“Candidatus Rickettsiae andeanae” was first described from
specimens of A. maculatum and Ixodes boliviensis collected in Peru
(Blair et al., 2004), and subsequently from Gulf Coast ticks in

dx.doi.org/10.1016/j.ttbdis.2015.02.001
http://www.sciencedirect.com/science/journal/1877959X
http://www.elsevier.com/locate/ttbdis
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ttbdis.2015.02.001&domain=pdf
mailto:CPaddock@cdc.gov
dx.doi.org/10.1016/j.ttbdis.2015.02.001
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he United States (Paddock et al., 2010) and other tick species in
rgentina, Brazil, and Chile (Pacheco et al., 2007; Abaraca et al.,
012; Nieri-Bastos et al., 2014). “Ca R. andeanae” has been isolated
ecently in culture, although some difficulties remain in estab-
ishing continuously infected cell lines (Luce-Fedrow et al., 2012;
errari et al., 2013). To our knowledge, no cases of R. parkeri rick-
ttsiosis have been described from Kansas or Oklahoma, despite
ell-established populations of A. maculatum in those states which
ave existed for more than 40 years. In this study we used molecular
echniques to evaluate adult Gulf Coast ticks collected from multi-
le sites in Kansas and Oklahoma for infections with R. parkeri or
Ca. R. andeanae”.

ethods

ick collection and processing

During 2011–2014, questing adult A. maculatum ticks were col-
ected from vegetation by using cloth drags or flags at multiple
ites in 9 counties of Kansas (Anderson, Butler, Crawford, Geary,
orris, Neosho, Osage, Riley, and Shawnee) and 9 counties of Okla-

oma (Cleveland, Cotton, Kiowa, Lincoln, Payne, Osage, Tillman,
ulsa, and Washington). Field-collected specimens were placed
n 70% ethanol and transported to the laboratory where these

ere air-dried, identified using a standard taxonomic key (Keirans
nd Litwak, 1989), transferred to individual 1.5 ml  microcentrifuge
ubes, and stored at −80 ◦C prior to DNA extraction.

olecular analyses

Genomic DNA was extracted from tick specimens by using a
NA Minikit (Qiagen, Valencia, CA) and eluted in a final volume of
00 �L. Extracted samples were evaluated for DNA of R. parkeri and
Ca. R. andeanae” using the QuantiTect Multiplex PCR Kit (Qiagen)
nd primers and probes targeting sequence of the ompB gene (Jiang
t al., 2012). For each real-time PCR assay, 2.5 �L of tick extract was
ixed with 0.4 �M of the forward and reverse primers (Rpa129F

nd Rpa224R for R. parkeri,  or Rand957F and Rand1062R for “Ca.
. andeanae”) and 0.2 �M of the FAM-labeled probe (Rpa188probe

or R. parkeri, or Rand1003probe for “Ca. R. andeane”), in a final
eaction volume of 25 �L. Cycling was performed on an Mx3005P
hermal cycler (Agilent, Santa Clara, CA) and conditions consisted
f 15 min  at 95 ◦C, 45 cycles of 1 min  at 95 ◦C, and 1 min  at 60 ◦C. Ct
alues <40 were considered positive for the respective agent. Both
ssays were validated by testing a panel of DNA extracts of A. mac-
latum ticks naturally infected with R. parkeri or “Ca. R. andeanae”,
onfirmed previously by using a conventional ompA PCR assay and
equence analysis (Sumner et al., 2007; Paddock et al., 2010), or
dentified negative for DNA of R. parkeri and “Ca. R. andeanae” by
sing a broad-range, Rickettsia species real-time PCR assay target-

ng sequence of the gltA  gene (Stenos et al., 2005; Denison et al.,
014).

As additional confirmatory steps, a subset of 5 tick extracts
rom Kansas and 5 from Oklahoma that tested positive for “Ca. R
ndeanae” by the real-time assay were evaluated by using a hemi-
ested PCR assay with primers RR190.70 and RR190.701 in the
rimary reaction and RR190.70 and RR190.602 in the secondary
eaction (Sumner et al., 2007), followed by sequence analysis of the
mplified segments of the rickettsial ompA gene. A subset of 10 A.
aculatum extracts representing ticks collected from 5 counties in

ansas, and 10 extracts representing ticks collected from 5 counties

n Oklahoma, were selected for further analysis to verify the mor-
hological species identification by using a conventional PCR assay
ith primers T1B and T2A (Beati and Keirans, 2001) and sequencing
rne Diseases 6 (2015) 297–302

of the amplified segments of the ixodid mitochondrial 12S ribo-
somal DNA gene.

Results

A total of 216 adult Gulf Coast ticks were evaluated, compris-
ing 53 male and 41 female specimens from Kansas collected during
2012–2013, and 52 male and 70 female specimens collected from
Oklahoma during 2011–2014 (Table 1). Of the Kansas specimens,
51 (54%) were obtained from multiple sites in Geary County during
May-July 2013, whereas 87 (71%) of the total Oklahoma specimens
were collected from 3 sites in Payne county during 2011–2013
(Fig. 1). Of the 20 tick extracts assessed by PCR and sequencing
of a 313-bp segment the ixodid mitochondrial 12S rDNA gene, 6
samples from Kansas and 8 from Oklahoma were identical with
each other and revealed 100% identity with A. maculatum (Gen-
Bank accession number JX192922). An additional 4 tick extracts
from Kansas and 2 from Oklahoma were identical with each other,
but differed from the other 14 mitochondrial 12S rDNA sequences
by 3 nucleotide substitutions and revealed 99% identity with the
corresponding GenBank bank sequence for A. maculatum.

Of the Kansas ticks, 44 (47%) were infected with “Ca. R
andeanae”, including 29 (56%) of the male specimens and 15 (37%)
of the female specimens. Of the ticks collected in Oklahoma, 89
(73%) were infected with “Ca. R. andeanae”, including 38 (73%) of
male ticks and 51 (73%) of the female ticks. All 10 samples ampli-
fied by PCR for a segment the rickettsial ompA gene demonstrated
100% identity with the corresponding 597-bp segment of “Ca.
R. andeanae” strain Agripino Enciso (GenBank accession number
KF179352). No specimens from Kansas or Oklahoma demonstrated
molecular evidence of infection with R. parkeri.

The performance of the real-time assays was assessed by eval-
uating 49 DNA extracts of A. maculatum determined by other
molecular methods to be infected with one or neither of these Rick-
ettsia species. Of 25 gltA-negative A. maculatum extracts, none were
positive for R. parkeri or “Ca. R. andeanae” by the real-time assays.
Of 14 ticks positive for “Ca. R. andeanae” by conventional ompA
PCR and sequence analysis, all were positive for “Ca.  R. andeanae”,
and negative for R. parkeri using the real-time PCR assays for these
rickettsiae. Of 10 Gulf Coast tick extracts from which R. parkeri had
been confirmed previously by ompA PCR and sequence analysis, all
were negative for “Ca. R. andeanae” and positive for R. parkeri by
the real-time assays.

Discussion

In this investigation, we  identified infections with “Ca. R.
andeanae” in 62% of Gulf Coast ticks sampled from multiple
locations throughout Kansas and Oklahoma during 2011–2014.
Surprisingly, we  found no evidence of infection with R. park-
eri, despite evaluating more than 200 ticks collected from 18
counties in these states. These preliminary data suggest that “Ca.
R. andeanae” is well-adapted to survival in populations of A. mac-
ulatum in Kansas and Oklahoma and that its ubiquity in Gulf Coast
ticks in this region may  effectively exclude R. parkeri from their
shared arthropod host. From a public health perspective, this situa-
tion could diminish markedly or preclude entirely the occurrence of
R. parkeri rickettsiosis in this region of the United States. It remains
unknown whether “Ca. R. andeanae” elicits infection or disease in
humans or animals. It has been suggested that other putative rick-
ettsial symbionts, including Rickettsia amblyommii and Rickettsia

montanensis cause abortive, transient, or subclinical infections in
humans, dogs, and other animals (Apperson et al., 2008; Zanetti
et al., 2008; McQuiston et al., 2012; Grasperge et al., 2014; Barrett
et al., 2014).
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Table  1
Molecular evaluation for infection with “Ca. Rickettsia andeanae” and Rickettsia parkeri in questing adult Gulf Coast ticks (Amblyomma maculatum), Kansas and Oklahoma,
2011–2014.

State (no. of counties) Year Number of ticks evaluated Number (%) positive for

“Ca. Rickettsia andeanae” Rickettsia parkeri

Kansas
(1) 2012 6 2 (33) 0
(8)  2013 88 42 (48) 0

Oklahoma
(1)  2011 18 14 (78) 0
(1)  2012 26 20 (77) 0
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(2)  2013 44 

(7)  2014 34 

Total  216 

To our knowledge, R. parkeri has never been reported from adult
. maculatum specimens collected in Kansas or Oklahoma (Jiang
t al., 2012; Barrett et al., 2014; data herein). There is a single
escription of R. parkeri detected in an engorged nymph removed
rom a cotton rat (Sigmodon hispidus) in Pittsburgh County, Okla-
oma (Sumner et al., 2007). Inasmuch as the sampling methods
ere designed only to survey for R. parkeri or “Ca. R. andeanae” at a
oint in time, the absence of R. parkeri among any adult Gulf Coast
ick specimen from any location in these states is unexpected; in
ontrast, consistently high infection rates with R. parkeri have been

ocumented in adult A. maculatum from at least 7 other U.S. states
Paddock and Goddard, 2015). For counties represented by larger
ample sizes, such as Payne County in Oklahoma and Geary County

ig. 1. Frequency of infection with “Candidatus Rickettsia andeanae” among 216 quest
rawford, Geary, Morris, Neosho, Osage, Riley, and Shawnee counties) and Oklahoma (
ounties) during 2011–2014. Fractions represent the numbers of ticks infected with “Ca
ssay. No molecular evidence of infection with Rickettsia parkeri was identified in any spe
37 (84) 0
18 (53) 0

133 (62) 0

in Kansas, specimens were collected from several widely separated
locations over multiple points in time. Indeed, 77 tick specimens
from Payne County were collected from multiple, widely separated
sites over 3 years.

During the first half of the 20th century, the U.S. range of A.
maculatum was  defined as a relatively narrow band extending
approximately 150 miles inland along the Gulf Coast and eastern
seaboard, from Texas to South Carolina. Established populations
of A. maculatum were subsequently identified in Oklahoma and
Kansas during the 1970s (Semtner and Hair, 1973; Goddard and

Norment, 1983). It has been hypothesized that Gulf Coast ticks were
introduced to these landscapes by tick-infested cattle transported
by ranchers from the Gulf Coast for forage-rich pasturage of the

ing adult Amblyomma maculatum ticks collected from Kansas (Anderson, Butler,
Cleveland, Cotton, Kiowa, Lincoln, Osage, Payne, Tillman, Tulsa, and Washington
. R. andeanae” over the number of ticks that were evaluated by the real-time PCR
cimen of A. maculatum in either state.
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Table  2
Molecular evaluation of adult Gulf Coast ticks (Amblyomma maculatum) in the United States for infection with “Candidatus Rickettsia andeanae” and Rickettsia parkeri,
2000–2014.

State(s) Year(s) Number of
ticks evaluated

Number (%) positive for Reference

“Ca. R. andeanae” R. parkeri Both Rickettsia spp.

Florida 2005–2007 128 2 (2) 28 (22) 0 Paddock et al. (2010)
Mississippi 2007 70 3 (4) 27 (39) 0 Paddock et al. (2010)

2008–2010 698 22 (3) 118 (17) 12 (2) Ferrari et al. (2012)
North Carolina 2009–2010 234 9 (4) 68 (29) 1 (0.4) Varela-Stokes et al. (2011)
Virginia 2010–2012 293 1 (0.3) 154 (52) 0 Naldony et al. (2014)
Kentucky 2000–2009 10 0 3 (30) 0 Jiang et al. (2012)
Kentucky and Tennessee 2012 105 0 15 (14) 0 Pagac et al. (2014)
Delaware 2012–2013 26 0 2 (8) 0 Florin et al. (2013)

Florin et al. (2014)
Kansas 2000–2012 5 4 (80) 0 0 Jiang et al. (2012)

E.Y. Stromdahl (pers. comm.)
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2012–2013  94 44 (47) 

Oklahoma 2000–2009 1 1 (100)
2011–2014 122 89 (73) 

pland prairies, or by migrating birds that follow the Central fly-
ay, which extends through northeastern Kansas to the Gulf Coast

f Texas (Ketchum et al., 2009). Although coastal and inland popu-
ations of A. maculatum are reproductively compatible (Ketchum
t al., 2006), these populations differ in genetic haplotypes and sea-
onal phenology (Ketchum et al., 2009; Teel et al., 2010) and, as
uggested by this study, their predominant rickettsial associates.
ur findings are also in agreement with a previous study which

dentified 2 distinct mitochondrial 12S rDNA haplotypes among
ansas and Oklahoma populations of A. maculatum (Ketchum et al.,
009).

Several species of birds that migrate from wintering areas
n Central and South America to breeding areas in the United
tates using the Central and Mississippi flyways are infected with
ickettsia sp. Argentina (Mukherjee et al., 2013), which is now
ecognized as “Ca. R. andeanae” (Paddock et al., 2010). Impor-
antly, many of these passerine species, including the indigo
unting (Passerina cyanea), the painted bunting (Passerina ciris),
he common yellowthroat (Geothlypis trichas), the rose-breasted
rosbeak (Pheucticus ludovicianus) and the wood thrush (Hyloci-
hla mustelina)  also serve as hosts for immature A. maculatum
icks (Teel et al., 2010; Florin et al., 2014). In this context, it
s possible that migratory birds deposit large numbers of “Ca.
. andeanae”-infected A. maculatum ticks across upland prairie
abitats of Oklahoma and Kansas. It is also intriguing to specu-

ate that specimens of A. maculatum from Kansas and Oklahoma
epresent ancestral remnants of larger Gulf Coast tick popula-
ions that existed throughout the expansive grasslands of the
reat Plains prior to European settlement of the United States

Teel et al., 2010). In this context, the remarkably high prevalence
f “Ca. R. andeanae” observed among these inland populations
ould reflect an ancient association, rather than a recent intro-
uction of ticks infected predominantly or exclusively with “Ca.
. andeanae”.

The high rate of infection of A. maculatum with “Ca. R. andeanae”
uggests its close association with Gulf Coast ticks as a facultative
r secondary symbiont (Perlman et al., 2006). Similarly high
ates of infection with “Ca. R. andeanae” (from 64–69%) have
een reported in specimens of Amblyomma parvum collected in
rgentina and Brazil (Pacheco et al., 2007; Nieri-Bastos et al.,
014). These percentages are also consistent with the frequency
f R. amblyommii, a vertically-transmitted rickettsial symbiont

Ponnusamy et al., 2014) detected in 37–57% of Amblyomma amer-
canum ticks collected in Florida (Mixson et al., 2006; Sayler et al.,
014), 45–60% in Georgia (Mixson et al., 2006; Clay et al., 2008),
0–65% in Kentucky (Clay et al., 2008; Jiang et al., 2010), 66–71% in
0 0 Data herein
0 0 Jiang et al. (2012)
0 0 Data herein

Maryland (Jiang et al., 2010; Zhang et al., 2012), 55–60% in North
Carolina (Mixson et al., 2006; Clay et al., 2008; Smith et al., 2010)
and 70–82% in Virginia (Jiang et al., 2010; Nadolny et al., 2014).

The importance of “Ca. R. andeanae” to the epidemiology of
tick-borne rickettsioses in the Americas remains to be determined.
Cultivation of “Ca. R. andeanae” from naturally infected embryonic
cells of A. maculatum implies that “Ca. R. andeanae” is vertically
transmitted in Gulf Coast ticks (Ferrari et al., 2013). Multiple stud-
ies suggest that hard ticks cannot maintain simultaneously separate
Rickettsia species by vertical transmission, as demonstrated by the
exclusion of transovarial transmission of Rickettsia rickettsii by Rick-
ettsia peacockii in Dermacentor andersoni (Burgdorfer et al., 1981),
Rickettsia rhipicephali by R. montanensis in Dermacentor variabilis
(Macaluso et al., 2002), and R. rickettsii by Rickettsia bellii in Ambly-
omma dubitatum (Sakai et al., 2014). The process whereby primary
infection by one Rickettsia species excludes ovarian infection by
another species has been termed rickettsial interference and this
microbiological interaction can profoundly affect the distribution
of tick-borne diseases. In 1981, Burgdorfer and colleagues identified
a nonvirulent Rickettsia species in as many as 80% of D. andersoni
ticks collected from the slopes of the Sapphire Mountains on the
eastern side of the Bitterroot Valley (Burgdorfer et al., 1981). This
Rickettsia species, initially designated as the East Side agent and
later named R. peacockii, was  detected at considerably lower fre-
quencies (8–16%) on the western side of the valley. Importantly,
historical data revealed that nearly all of the tick-derived isolates
of R. rickettsii, and the great majority of human cases of RMSF, orig-
inated from the western slopes of the Bitterroot Valley (Niebylski
et al., 1997). On a larger geographical scale, rickettsial interference
between “Ca. R. andeanae” and R. parkeri is suggested by the obser-
vations in our study, and by surveys from other areas of the United
States that demonstrate infrequency of “Ca. R. andeanae” among
populations of A. maculatum where R. parkeri infections are com-
mon  (Table 2). The relative distributions of these Rickettsia species
among populations of A. maculatum from the Great Plains versus A.
maculatum from southern coastal states may  explain the disparate
distribution of R. parkeri rickettsiosis between these two regions.

Virulent spotted fever group Rickettsia species may adversely
affect the survival and fecundity of the tick host (Burgdorfer and
Brinton, 1975; Niebylski et al., 1999; Labruna et al., 2011; Soares
et al., 2012). Rickettsia parkeri negatively impacts the survival of
infected Amblyomma triste nymphs (Nieri-Bastros et al., 2013).

At present there are no data regarding the impact of R. parkeri or
“Ca. R. andeanae” on the fitness of A. maculatum; however, it is
recognized that vertical transmission places selective pressure on
pathogens for low virulence (Fine, 1975; Yamamura, 1993). Models
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hat incorporate the epidemiology of vertical and horizontal trans-
ission and host demography demonstrate that increasing levels

f vertical transmission favor the evolution of lower virulence
n pathogens, i.e., when strains of high vertical transmission and
ow virulence organisms exist in a host, these strains generally
ut-compete other strains (Lipsitch et al., 1996). Further study
f the microbiological interactions between R. parkeri and “Ca. R.
ndeanae” that occur within A. maculatum could provide valuable
nsights into the natural history of spotted fever group rickettsioses
n the United States.

Our study was limited by small sample sizes from several of
he collection sites, with <5 specimens from 5 (56%) of the sur-
eyed counties in Kansas, and 7 (78%) of the locations in Oklahoma
Fig. 1). This investigation focused on adult specimens and it is pos-
ible that directed sampling of immature Gulf Coast ticks in Kansas
nd Oklahoma could produce evidence of R. parkeri infecting A.
aculatum in these states. It is also possible that sampling of A.
aculatum ticks from counties not represented in our survey might

eveal infections with R. parkeri, particularly in eastern Oklahoma,
s R. parkeri-infected Gulf Coast ticks have been described recently
rom the adjacent state of Arkansas (Trout et al., 2010). Finally, it
s possible that a genetic variant of R. parkeri exists among Kansas
nd Oklahoma tick populations that is not detected by the primers
r probe used in the real-time assay; nonetheless, this assay has
orrectly identified strains of R. parkeri in tick and human hosts
rom widely separated locations in the United States, including
rizona, Florida, Mississippi, and North Carolina, and in multiple
rovinces of Argentina (Romer et al., 2014), suggesting strong con-
ervation of the molecular target. Despite these limitations, these
esults demonstrate a need for future investigations that explore
he dynamics among various spotted fever group Rickettsia species
ithin their tick hosts, and how these interactions affect the epi-
emiology of rickettsioses in human and animal hosts.
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Nieri-Bastos, F.A., Lopes, M.G., Duarte Canç ado, P.H., Razera Rossa, G.A., Horácio Fac-
cini, J.L., Gennari, S.M., Labruna, M.B., 2014. Candidatus Rickettsiae andeanae, a
spotted fever group agent infecting Amblyomma parvum ticks in two  Brazilian
biomes. Mem. Inst. Oswaldo Cruz, Rio de Janeiro 10, 1–3.

http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0005
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0010
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0015
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0020
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0025
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0030
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0035
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0040
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0045
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0050
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0055
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0060
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0065
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0070
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0075
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0080
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0085
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0090
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0095
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0100
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0105
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0110
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0115
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0120
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0125
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0130
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0135
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0140
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0145
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0150
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0155
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0160
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0165
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0170


3 ick-bo

P

P

P

P

P

P

R

S

S

S

02 C.D. Paddock et al. / Ticks and T

acheco, R.C., Moraes-Filho, J., Nava, S., Brandão, P.E., Richtzenhain, L.J., Labruna,
M.B., 2007. Detection of a novel spotted fever group rickettsia in Amblyomma
parvum ticks from Argentina. Exp. Appl. Acarol. 43, 63–71.

addock, C.D., Fournier, P.E., Sumner, J.W., Goddard, J., Elshenawy, Y., Metcalfe, M.G.,
Loftis, A.D., Varela-Stokes, A.S., 2010. Isolation of Rickettsia parkeri and iden-
tification of a novel spotted fever group Rickettsia sp. from Gulf Coast ticks
(Amblyomma maculatum) in the United States. Appl. Environ. Microbiol. 76,
2689–2696.

addock, C.D., Goddard, J., 2015. The evolving medical and veterinary importance
of  the Gulf Coast tick, Amblyomma maculatum Koch. (Acari: Ixodidae). J. Med.
Entomol. 52, 230–252.

agac, B.B., Miller, M.K., Mazzei, M.C., Nielsen, D.H., Jiang, J., Richards, A.L., 2014. Rick-
ettsia parkeri and Rickettsia montanensis, Kentucky and Tennessee. USA. Emerg.
Infect. Dis. 20, 1750–1752.

erlman, S.J., Hunter, M.S., Zchori-Fein, E., 2006. The emerging diversity of Rickettsia.
Proc. R. Soc. B 273, 2097–2106.

onnusamy, L., Gonzalez, A., Van Treuren, W.,  Weiss, S., Parobek, C.M., Juliano, J.J.,
Knight, R., Roe, R.M., Apperson, C.S., Meshnick, S.R., 2014. Diversity of Rick-
ettsiales in the microbiome of the lone star tick, Amblyomma americanum. Appl.
Environ. Microbiol. 80, 354–359.

omer, Y., Nava, S., Govedic, F., Cicuttin, G., Denison, A.M., Singleton, J., Kato, C.Y.,
Paddock, C.D., 2014. Rickettsia parkeri rickettsiosis in different ecological regions
of  Argentina and its association with Amblyomma tigrinum as a potential vector.
Am.  J. Trop. Med. Hyg. 91, 1156–1160.

akai, R.K., Costa, F.B., Ueno, T.E.H., Ramirez, D.G., Soares, J.F., Fonseca, A.H., Labruna,
M.B., Barros-Battesti, D.M., 2014. Experimental infection with Rickettsia rickettsii
in  an Amblyomma dubitatum tick colony, naturally infected by Rickettsia bellii.
Ticks Tick-Borne Dis. 5, 917–923.
ayler, K.A., Wamsley, H.L., Pate, M.,  Barbet, A.F., Alleman, A.R., 2014. Cultivation of
Rickettsia amblyommii in tick cells, prevalence in Florida lone star ticks (Ambly-
omma americanum). Parasites Vectors 7, 270.

emtner, P.J., Hair, J.A., 1973. Distribution, seasonal abundance, and hosts of the Gulf
Coast tick in Oklahoma. Ann. Entomol. Soc. Am. 66, 1264–1268.
rne Diseases 6 (2015) 297–302

Smith, M.P., Ponnusamy, L., Jiang, J., L. Ayyash, L.A., Richards, A.L., Apperson,
C.S.,  2010. Bacterial pathogens in ixodid ticks in a Piedmont county in North
Carolina: prevalence of rickettsial organisms. Vector Borne Zoonotic Dis. 10,
939–952.

Soares, J.F., Soares, H.S., Barbieri, A.M., Labruna, M.B., 2012. Experimental infection
of  the tick Amblyomma cajennense, Cayenne tick, with Rickettsia rickettsii, the
agent of Rocky Mountain spotted fever. Med. Vet. Entomol. 26, 139–151.

Stenos, J., Graves, S.R., Unsworth, N.B., 2005. A highly sensitive and specific real-time
PCR assay for the detection of spotted fever and typhus group Rickettsiae. Am.
J.  Trop. Med. Hyg. 73, 1083–1085.

Sumner, J.W., Durden, L.A., Goddard, J., Stromdahl, E.Y., Clark, K.L., Reeves, W.K.,
Paddock, C.D., 2007. Gulf Coast ticks (Amblyomma maculatum) and Rickettsia
parkeri,  United States. Emerg. Infect. Dis. 13, 751–753.

Teel, P.D., Ketchum, H.R., Mock, D.E., Wright, R.E., Strey, O.F., 2010. The Gulf Coast
tick: a review of the life history, ecology, distribution, and emergence as an
arthropod of medical and veterinary importance. J. Med. Entomol. 47, 707–722.

Trout, R., Steelman, C.D., Szlanski, A.L., Williamson, P.C., 2010. Rickettsiae in Gulf
Coast ticks, Arkansas, USA. Emerg. Infect. Dis. 16, 830–832.

Varela-Stokes, A.S., Paddock, C.D., Engber, B., Toliver, M.,  2011. Rickettsia parkeri in
Amblyomma maculatum ticks, North Carolina, USA, 2009–2010. Emerg. Infect.
Dis. 17, 2350–2353.

Wright, C.L., Nadolny, R.M., Jiang, J., Richards, A.L., Sonenshine, D.E., Gaff, H.D., Hynes,
W.L., 2011. Rickettsia parkeri in Gulf Coast ticks, southwestern Virginia, USA.
Emerg. Infect. Dis. 17, 896–898.

Yamamura, N., 1993. Vertical transmission and evolution of mutualism from para-
sitism. Theor. Pop. Biol. 44, 95–109.

Zanetti, A.S., Pornwiroon, W.,  Kearny, M.T., Macaluso, K.R., 2008. Characterization of
rickettsial infection in Amblyomma americanum (Acari: Ixodidae) by quantitative

real-time polymerase chain reaction. J. Med. Entomol. 45, 267–275.

Zhang, X., Ren, X., Norris, D.E., Rasgon, J.L., 2012. Distribution and infection frequency
of “Candidatus Rickettsia amblyommii” in Maryland populations of the lone star
tick (Amblyomma americanum) and culture in an Anopheles gambiae mosquito
cell  line. Ticks Tick-Borne Dis. 3, 38–42.

http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0175
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0180
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0185
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0270
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0190
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0190
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0190
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0190
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0190
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0190
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0190
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0190
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0190
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0190
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0190
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0190
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0190
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0190
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0195
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0200
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0205
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0210
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0215
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0220
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0225
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0230
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0235
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0240
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0245
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0245
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0245
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0245
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0245
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0245
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0245
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0245
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0245
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0245
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0245
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0245
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0245
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0245
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0250
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0275
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0255
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0260
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265
http://refhub.elsevier.com/S1877-959X(15)00027-8/sbref0265

	High prevalence of “Candidatus Rickettsia andeanae” and apparent exclusion of Rickettsia parkeri in adult Amblyomma macula...
	Introduction
	Methods
	Tick collection and processing
	Molecular analyses

	Results
	Discussion
	Acknowledgments
	References


