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a  b  s  t  r  a  c  t

The  main  insects  causing  allergy  reactions  to stinging  insect  in  humans  are  Apidae  (bees),  Vespidae
(wasps,  yellow  jackets  and  hornets)  and  Formicidae  (ants).  Their  venom  stings  are  composed  of  various
biologically  active  peptides  and  protein  components,  some  of  which  can  cause toxicity  or  anaphylaxis
in  humans.  The  protein  venom  demonstrate  some  common  allergenic  activity  such as  for  fire  ants  and
vespids,  which  have  two common  allergens  that  are  phospholipase  A1 (enzymatic  activity)  and  antigen
5  with  unknown  biological  activity.  The  common  allergens  seem  to  share  some  degree  of immunological
cross-reactivity,  particularly  when  the sequence  homology  is  above  70%.  Therefore  immunotherapeutic
approaches  targeting  more  than  one  specific  species  are  of  interest.  Recent  widespread  increases  of
various ant species  in  many  countries  have  resulted  in  higher  number  of  reported  about  serious  allergic
reactions  to stings.  Most  insect-allergy  related  cases  have  been  reported  for  species  from  Solenopsis,
nt distribution Myrmecia  and  Pachycondyla  genera,  and  their  stings  can  often  result  in  human  fatalities.  In addition,
stinging  ants  can  have  serious  health  effects  on  livestock,  agricultural  damage  adversely  affecting  the
biodiversity  of the  region.  This review  discusses  the  impact  of important  ant  species  on human  health
in  the  Asia-Pacific  region  along  with  the  molecular  immunological  aspects  of  the  identified  venoms  and
current  status  of  diagnostics  and  therapeutics.

Crown  Copyright  ©  2015  Published  by  Elsevier  Ltd.  All  rights  reserved.
. Introduction

Insect venom of the order Hymenoptera such as bees, hornets,
asps, yellow jacket and ants are responsible for causing severe

nsect sting allergic reactions in approximately 1% of children and
% of adults (Golden, 2003). The phylogenetic relationships of

he Hymenoptera are outlined in Fig 1. Every year large num-
ers of people are stung by these insects, and this is an increasing
erious problem in tropical regions. The venom of these insects

Abbreviations: JJA, jack jumper ant; Sol i, Solenopsis invicta; Sol r, Solenop-
is  richteri; Sol s, Solenopsis saevissima; WBE, whole body extract; VIT, venom
mmunotherapy.
∗ Corresponding author at: Molecular Allergy Research Laboratory College of
ublic Health, Medical and Veterinary Sciences, Centre for Biodiscovery and Molec-
lar Development of Therapeutics, James Cook University, Townsville, QLD 4811,
ustralia.

∗∗ Corresponding author at: Division of Pharmacognosy and Toxicology, Faculty of
harmaceutical Sciences, Khon Kaen University, Khon Kaen 40002, Thailand.

E-mail address: andreas.lopata@jcu.edu.au (A.L. Lopata).

ttp://dx.doi.org/10.1016/j.molimm.2015.11.003
161-5890/Crown Copyright © 2015 Published by Elsevier Ltd. All rights reserved.
are composed of various biologically active peptides and protein
components, some of which can cause toxicity or anaphylaxis in
humans (Barnard, 1973). The venom allergens of fire ants, jack
jumper ants (JJAs), bees and vespids are sequences and listed in
Table 1. Almost all known venom allergens are proteins between 10
and 50 kDa in size and composed of 100–400 amino acid residues.
The one exception is the JJA venom allergenic peptide, which is
2–8 kDa in size and consisted of 25–50 amino acid residues.

Ants are globally found with roughly 8800 species exist in the
family Formicidae, but a few causing allergic reactions (Fig 1).
Their colonies are normally situated near a place of residence
and can have an negative effects on agricultural products. Eco-
logically, fire ants may  reduce biodiversity, impacting on other
ant species, invertebrates, reptiles and even birds and mammals
(deShazo et al., 1990). The risk of ant sting anaphylaxis depends
on complex interactions between the aggression, local distribu-

tion, venom allergenicity and likelihood of human contact. The
sting causes a fiery sensation and can be a serious harm if a vic-
tim is immediately stung by a great number of ants and contains

dx.doi.org/10.1016/j.molimm.2015.11.003
http://www.sciencedirect.com/science/journal/01615890
http://www.elsevier.com/locate/molimm
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molimm.2015.11.003&domain=pdf
mailto:andreas.lopata@jcu.edu.au
dx.doi.org/10.1016/j.molimm.2015.11.003
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Fig. 1. Taxonomy of Hymenoptera, including ants that cause allergic reactions in the Asia-Pacific region.

Table 1
Allergenic protein groups of Hymenoptera venom in Asia-Pacific.

Allergen IgE prevalance Molecular weight1 (kDa) Amino acids residues2 Activity and Common name Reference

Imported fire ant (Solenopsis invicta)

Sol i 1 87% 37 309 Phospholipase A1 (Hoffman et al., 2005; Hoffman et al., 1990)
Sol  i 2 61% 26/dimer 238/dimer Unknown (Hoffman et al., 1990; Schmidt et al., 1996)
Sol  i 3 61% 24 212 Antigen 5 (Hoffman et al., 1990; Schmidt et al., 1993)
Sol  i 4 74% 13.3 117 Unknown (Hoffman et al., 1990)

Chinese needle ant (Pachycondyla chinensis)
Pac c 3 23% 23 206 Antigen 5 (Lee et al., 2009)

Jack  jumper ants (Myrmecia pilosula)
Myr  p1 52% 5–8 45 Haemolytic activity

Inhibits B cell proliferation
(Davies et al., 2004; Donovan et al., 1993)

Myr  p2 35% 2–4 26–27 Unknown (Davies et al., 2004; Street et al., 1996)
Myr  p3 – 4 36 Antimicrobial activity and low

hemolytic activities
(Inagaki et al., 2004)

Honey bee (Apis mellifera)
Api m 1 10–80% 16 134 Phospholipase A2 (Dudler et al., 1992)
Api  m 2 70–100% 45 349 Hyaluronidase (Gmachl and Kreil, 1993)
Api  m 3 37% 49 373 Acid phosphatase (Soldatova et al., 2000)
Api  m 4 0–10% 3 26 Melittin (King et al., 1976)
Api  m 5 42% 100 752 Dipeptidyl-peptidase (Blank et al., 2010)
Api  m 6 50% 8 71 Serine protease inhibitor (Michel et al., 2012)
Api  m 7 – 45 393 CUB serine protease (Georgieva et al., 2010)
Api  m 8 46% 70 536 Carboxylesterase (Blank et al., 2010)
Api  m 9 – 60 449 Serine carboxypeptidase (Blank et al., 2010)
Api  m 10 >60% 50-55 223 Icarapin (Blank et al., 2011)

Paper wasp (Polistes annularis)
Pol a 1 – 34 301 Phospholipase A1 (Pantera et al., 2003)
Pol  a 2 – 38 338 Hyaluronidase (Pantera et al., 2003)
Pol  a 5 – 23 205 Antigen 5 (Lu et al., 1993; Pantera et al., 2003)

Yellow  jacket (Vespula vulgaris)
Ves v 1 58–100% 34 300 Phospholipase A1 (King et al., 1996)
Ves  v 2 76% 38 331 Hyaluronidase (King et al., 1996)
Ves  v 3 50% 100 751 Dipeptidyl-peptidase (Blank et al., 2010)
Ves  v 5 17–100% 23 204 Antigen 5 (Lu et al., 1993)

European hornet (Vespa crabro)
Vesp c 1 – 34 301 Phospholipase A1 (Hoffman et al., 2005)
Vesp  c 5 – 23 202 Antigen 5 (Lu et al., 1993)

White-Faced Hornet (Dolichovespula maculata)
Dol m 1 – 34 303 Phospholipase A1 (Soldatova et al., 1993)
Dol  m 2 – 38 331 Hyaluronidase (Lu and Kochoumian, 1995)
Dol  m 5 – 23 204 Antigen 5 (Fang et al., 1988)

1 Several allergens are glycoproteins, and the molecular weight refers to only the protein portion.
2 Almost allergens contain signal sequence and propeptides, and the amino acid showed only mature peptides.
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bout 10–100 ng protein per sting (Hoffman et al., 1988a). The dif-
erent ant venom shares some common protein components, but
ach group shows also a number of unique allergen components.
lthough the direct ant sting venom does usually not cause fatal
llergic reactions, anaphylactic reactions may  be more common in
egions where these ants are common and humans are frequently
tung (Rhoades, 2001).

The medical treatment data for allergenic ant sting has been
oremost developed for imported fire ant. Immunotherapeutics
ave been developed using whole body extract (WBE) rather than
ure venom. The report about the strong efficiency of purified ant
enom immunotherapy (VIT) has been shown in the double blind
andomized placebo-controlled with the JJA in Australia (Brown
t al., 2003b). However, there are still very limited data available
or other ant groups. The main objective of this review is to provide

 brief summary of the present history, geographical distribution
nd recent developments in studies relating to ant venom allergy
nd immunotherapy in the Asia-Pacific region.

. Invasion history

Invasive fire ant species pose great threats to agriculture, natural
nvironments, and public health. Some species can displace native
auna, reduce biodiversity, serve as pathogen vectors, or impair
cosystem services. Fire ants of the genus Solenopsis have rapidly
pread over parts of the tropical world from their native habitats in
outh America (Hoffman, 1995). More recently, fire ants have been
ntroduced to California, and other regions of the world, including
he southern United States, Pacific Islands (Lai et al., 2009), South-
ast Asia (Knight and Bangs, 2007; Wu et al., 2008), and Middle
ast (Khan et al., 1999). In the southeast United States, the stings
f imported fire ants are the most common cause of insect venom
naphylaxis (Partridge et al., 2008).

The first case of anaphylaxis from red imported fire ant, Solenop-
is invicta (S. invicta)  stings reported in Spain documented that
hese ants were obscured in transported wood shipping from South
merica (Fernandez-Melendez et al., 2007). Recently, it was  found

hat these ants entered many countries via shipping containers as
hown in Fig 2 which now can be found in Southern China (Wu
t al., 2008), Singapore (Thong et al., 2005) and Southeast Asia
Knight and Bangs, 2007), as well as north Australia (Solley et al.,
002). The tropical red fire ant, Solenopsis geminata (S.geminata),

 native of the southern United States, Central to northern South
f America, is a well-known tramp species and has become a seri-
us problem in Taiwan since the 1980th (Lai et al., 2009) as well as

n Indonesia (Knight and Bangs, 2007), Thailand (Sukprasert et al.,
012) and can spread across many Asia-Pacific islands. This ant

s a non-native species to Australia, which was first reported in
arwin. There have been reports of 10 cases of anaphylactic reac-

ions to the black imported fire ant, Solenopsis richteri (S. richteri)
ting that were admitted to Najran General Hospital. Furthermore,
he Pachycondyla sennaarensis (samsum ant) have been present in
audi Arabia (Al-Shahwan et al., 2006; Khan et al., 1999). The Chi-
ese needle ant, P. chinensis was a species introduced into North
merica over 70 years ago and now is found in Georgia, South
arolina, North Carolina, Virginia and throughout Southeast Asia
Nelder et al., 2006). The ants of the Myrmecia species are JJAs and
ulldog ants, both are primitive species in Australia and Tasma-
ia (Shek et al., 2004). The JJA is especially found in rural Victoria,
outhern New South Wales and cooler areas of South Australia and

estern Australia (Weber, 2010) as shown in Fig 2.
.1. Myrmecia species

At least 89 Myrmecia species were identified, however only
wo are well-known namely, the JJA (M.  pilosula), which is small
unology 69 (2016) 24–32

around 10 mm in length, a carnivore and scavenger and, the bull
ant (M. pyriformis),  a larger ant of about 15–20 mm,  with a powerful
sting, fast movements and aggressive nature. Usually anaphylactic
reactions in Australia are caused by M. pilosula and M.  pyriformis
species. Fatalities are rare and reports showed mean national
annual incidence of 0.02 deaths per million populations per year
in the period 1980–1999 (McGain and Winkel, 2002). Although
allergy is common in southeastern Australia, only 4 deaths have
been reported from the southern island of Tasmania (population
223,000) between 1980 and 1999 (Brown et al., 2001). The sys-
temic reactions caused by stings from ants in the genus Myrmecia
are important for IgE-mediated anaphylaxis in the rural or outskirts
of southeastern Australia, with prevalence rates of about 2–3% of
exposed populations (Douglas et al., 1998). There are reports that
the rate of clinical systemic reactions to M. pilosula venom in Tas-
mania is 2.7% (95% CI, 1.8–3.9), as compared to 0.6% for wasp stings.
Furthermore, the allergy prevalence seems to be related to age
and exposure rate and there is a higher systemic reaction risk as
compared to mainland Australia (Brown et al., 2003a).

The venoms of JJA and bulldog ants contain phospholipases, but
the allergens present appear to be a complex series of extremely
basic peptides (Table 1) (Davies et al., 2004; Inagaki et al., 2004).
These peptides possess potent allergenic properties and in addition
demonstrate strong antimicrobial and cytotoxic activities. Prelim-
inary studies of serum from allergic patients to Myrmecia species
venom determined no evidence of cross-reactivity to other venom
allergens. Furthermore, a single species of bulldog ant, M.  gratiosa,
presents the main cause for ant sting anaphylaxis in the Perth area.
Systemic reactions ranged in severity from mild (one patient), mod-
erate (seven patients) to severe with hypotension (four patients)
(Gilhotra and Brown, 2006). In addition Solley (1989) reports 17
allergic sting reactions caused by Rhytidoponera metallica, green-
head ants in Queensland Australia.

2.2. Pachycondyla species

These are winged ants that have a small habitat near woodlands,
in rotten wood and in old wooden houses (Fukuzawa et al., 2002).
Their venoms are an important cause of allergenic reactions, includ-
ing anaphylaxis in Asia and Middle East (Shek et al., 2004). In Korea,
Pachycondyla chinensis species has been reported a major cause of
ant sting venom allergy (Cho et al., 2002), commonly called Chinese
needle ant or Asian needle ant. Approximately 2.1% of adults living
in an ant-infested area had immediate type allergic responses to ant
stings. These patients had positive skin prick tests and increased
levels of serum-specific IgE to P. chinensis extract as compared to
the rest of residents in the same area. The author suggested that
there might be a possible cross-reactivity between bee venom and
P. chinensis venom. There are reports of P. chinensis causing allergic
reaction in neighbouring Japan (Fukuzawa et al., 2002).

Studies with allergic patients against P. chinensis venom showed
the presence of eight IgE-binding proteins (58, 46, 3l, 29, 27, 25, 22,
and 12 kDa) and one major allergen (12 kDa) recognised by 85% of
patient sera tested (Kim et al., 2001). Some bee allergic patient sera
showed cross-reactivity, however those with only Pachycondyla
venom allergy did not cross-react to bee venom. ELISA inhibition
tests showed evidence of cross-reactivity with yellow jacket. How-
ever, there were low cross-reactivity levels with wasp or imported
fire ants and P. chinensis. Thus, allergic patients to P. chinensis are
unlikely to have successful immunotherapy with imported fire ant
extract. Future immunotherapy must develop to focus on species
specific therapeutics. The stinging ant of P. sennaarensis species,

commonly known as the samsum ant can cause allergenic reactions
and are found in the United Arab Emirates (UAE) (Dib et al., 1995).
The P.sennaarensis species are also found in the Arabian Peninsula
and African tropics and have stings that are very painful. The UAE
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Fig. 2. Geographical distribution of ant sting causing a

ecorded that four deaths within 4 years were caused by anaphy-
actic shock after the sting. The results of skin tests and specific IgE
o P. sennaarensis were both 97% positive for patients with anaphy-
actic reactions. Furthermore, Reunala et al. (2005) reports 10 sera
f allergy patients to P.sennaarensis venom binding to the 24 kDa
Sol i 3) allergen of the S. invicta and three sera showed IgE bind-
ng to the 13 kDa (Sol i 2 and/or Sol i 4) allergen. However, clinical
ross-reactivity does not seem to be important.

.3. Solenopsis species

Fire ants (Solenopsis sp.)  are members of the Formicidae fam-
ly and include over 200 species worldwide. These ants disrupt

echanised farming and damage crops. The medically important
ggressive species are S. invicta,  S. richteri, S. geminata and S. saevis-
ima (Hoffman, 1997; Tankersley, 2008). The majority of the fire ant
enom consists of 90–95% basic piperidine alkaloids that are highly
ytotoxic, neurotoxic and hemotoxic. Although this component has
o allergenic properties, it is responsible for the characteristic pus-
ules seen after a fire ant sting. The aqueous phase contains four

ajor allergenic proteins (Hoffman et al., 1988a). A single fire ant
ting contains only 1–10 ng of protein that can cause specific IgE
ntibody production (Hoffman, 1995). A recent study investigated
he alkaloid components and found them to be much more com-
lex than previously thought. Alkaloid compositions are present

n many species of fire ants venom. The report about anaphylactic
ear fatal reactions to S. geminata sting venoms occurred with two
embers of the U.S. military stationed in Guam and Okinawa, Japan.
t demonstrated the strong cross-reactivity to the native sting ven-
ms, because these soldiers had allergic reactions to S. invicta stings
efore (Hoffman, 1997). Normally, ant allergy is a rare problem in

ndia, however there is a recent report of a one and half year old
gic reactions to various ants in the Asia-Pacific region.

male child with good health and no previous allergy history to ant
who suffered severe anaphylaxis reaction due to S. geminata (about
10–20 mm small ants as shown in Fig 3A) (Havaldar et al., 2012).

Four allergenic proteins have been isolated from S.invicta venom
and characterized (Hoffman et al., 1988a). Sol i 1 has phospholipase
A1 property that is also found in vespid venoms and belongs to the
lipoprotein lipase family (Hoffman et al., 1988b; Hoffman et al.,
2005). A 3-dimensional model of Sol i 1 is shown in Fig 4A, and
demonstrating the highly conserved active site and core region of
the molecule. It contains carbohydrates determinant, but there is
some evidence of the IgE reactivity against protein determinants
and showed some cross-reactivity with yellow jacket, wasp and
honeybee venom phospholipase, see Fig 5A (Hoffman, 2010). Sol i 2
make up two  thirds of the venom protein and the crystal structure
of recombinant protein was  recently determined by Borer et al.,
(2012). It is composed of two  identical monomers, which have 3
intra- and 1 inter-molecular disulfide bonds and contains carbohy-
drate determinants (Fig 4B). The protein is a member of a unique
protein family (Schmidt et al., 1996; Schmidt et al., 1993). In Fig 5B,
other similar venom proteins to Sol i 2 of the Solenopsis species are
S.geminata (Sol g 2), S.richteri (Sol r 2) and S. saevissima (Sol s 2)
(Hoffman, 1997). Sol i 2 generate the production of IgE antibody in
about one-third of individuals stung by fire ants. Sol i 2 proteins are
less stable than Sol i 3 proteins. In Fig 5C, Sol i 3 demonstrates its
relationship to members of the antigen 5 protein family of vespid
venom proteins (Schmidt et al., 2003), but does not show cross-
reactivity with vespid venom antigen 5 (Padavattan et al., 2008).
The crystal structure of Sol i 3 determined shows that the overall

structure is very similar to Ves v 5 and there are some amino acid
sequences that are relatively conserved. However, Sol i 3 showed
four non-conserved IgE epitopes coloured in Fig 4C.
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Fig. 3. Ecological overview of ants causing allergies. A: Tropical fire ant (Solenopsis geminata) workers are between 2 and 5 mm long and the queen is notably larger than the
workers  at about 8 mm and has an attractive red-orange colour, B: Green tree ant (Oecophylla smaragdina), usually 6–8 mm long with a bright green gaster and build their
nest  by weaving leaves together using larvae’s silk. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 4. Ribbon modeling structures of allergenic proteins from S. invicta venom. The overall structure shows in different colors which blue color is �-helix, gray color is
random coil and green color is �-sheet. A: Sol i 1 (Genbank no. AAT95008) allergen show potential N-linked glycosylation positions (purple ligands), B: Sol i 2 allergen which
p a- and
a d in r
w  bond
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ublished in PDB ID no. 2YGU is composed of two monomers which have three intr
llergen  shows IgE antibody-binding with four non-conserved epitopes highlighte
ith  the Sol i 2 monomer structure and composed of three intramolecular disulfide

Although the protein compositions of fire ant venoms have
een extensively investigated, Sol i 2 and 4 proteins have not been
ound in other venoms and are not similar to other known pro-
eins (Hoffman et al., 1988a). These two proteins are related with
ach other, but Sol i 4 lacks the dimerizing cysteine residues and
s present as a monomer form as compared to the intramolec-
lar disulfide bonds in Sol i 4 as shown in Fig 4D. Sol i 4 is a
nique protein family and relate to S. geminata (Sol g 4) venom
s demonstrated in Fig 5D. In some endemic regions, 30–50% of
he population shows evidence of sensitization via serum-specific

gE antibodies to S. invicta (Partridge et al., 2008). There are reports
bout incidence of anaphylactic reactions caused by S. invicta stings
n the Asia-Pacific region. Especially in Brisbane, Australia, these
 one inter-molecular disulfide linkages (yellow), C: Sol i 3 (Genbank no. AAB65434)
ed, D: Sol i 4 (Genbank no. AAC97369) allergen shows 36.75% amino acid identity
s (yellow).

ants sting have caused anaphylactic reaction. If the red imported
fire ant continuously spread in Australia, it is estimated that this
fire ant will be responsible for up to 3000 anaphylaxis reactions
each year by 2030 (Solley et al., 2002).

Other species of fire ants venom including S. geminata, S. richteri,
S. xyloni,  S. aurea are highly cross-reactive with S. invicta (Hoffman,
1997; Hoffman et al., 1990). While the S. richteri species seems only
to contain Sol i 1 and 3 allergens (Hoffman, 2010), the Sol 2 antigens
showed high immunological cross-reactivity among the species,
but may  exhibit species-specific epitopes. Mouse monoclonal anti-

bodies that are species-specific have been produced, however they
don’t appear to be important for specificity of human IgE cross-
reactivity (Hoffman, 1997; Hoffman et al., 1990).
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Fig. 5. Phylogenetic tree for amino acid sequences of 4 allergenic protein groups between the ant groups, Solenopsis invicta (Sol i), Solenopsis richteri (Sol r), Solenopsis
saevissima (Sol s) and the vespid groups, Apis mellifera (Api m),  Polistes annularis (Pol a), Vespula vulgaris (Ves v), Vespa crabro (Vesp c), Dolichovespula maculata (Dol m),
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espula  maculifrons (Ves m),  Polistes dominula (Pol d), Vespula germanica (Ves g), Pol
nd  ant species, B: allergenic protein group 2 from Solenopsis species, C: antigen 5 g

 from Solenopsis species.

.4. Other species

Other species of ants and their venoms have been rarely
eported to cause allergic reactions. In Venezuela, a child after being
tung with Odontomachus bauri developed strong allergic reaction
n 2002 (Rodriguez-Acosta and Reyes-Lugo, 2002). In Korea there

ere reports of patients with allergic reaction caused by ant stings
o Ectomomyrmex species (Kim and Hong, 1992) and Catagliphus
icolor species caused allergic reaction in Egypt (Sanad et al., 2002).
here are reports to ant bites, which caused fatal anaphylaxis in Sri
anka. One case was a patient stung by a queen of Odontomachus
imillimus, found in the wet zone, and died after 18 h admission
nd another patient was  stung by a worker of Tetraponera rufoni-
ra (Ratnatilaka et al., 2011). In Northern Australia the Oecophylla
maragdina species, which are wildly named weaver ant, green
ree ant and orange gaster ant, caused some anaphylactic reactions
Fig 3B). Whether other ant species are present in the Asia-Pacific
egion causing allergic reactions is not known and limited to scien-
ific reports.

. Clinical symptoms

The clinical symptoms after being stung by the various ant
pecies in the Asia Pacific region ranged from painful, skin red-
ess, urticaria, itching, small and large local reactions and in some
ases fatal anaphylaxis. Reactions to the S. invicta stings may  gen-
rate any types of allergic reactions, however almost all stung
eople report immediate wheal and flare reaction, a sterile pus-
ule and a large local reaction at the site of sting followed by
he development of characteristic pustule after 24 h and some-
imes lasting several days, which intense pruritus (deShazo et al.,
990). A report of a 2-year-old male infant with multiple red
mported fire ant stings developed both anaphylaxis and toxin-
ediated systemic reactions, including rhabdomyolysis and renal

ailure (Cochran et al., 2013). Hence, there are five different reac-
ions classified as: normal, large local, rare, toxic and systemic
aulista (Poly p). A: phospholipase A1 groups have been isolated from various vespid
have been isolated from various vespid and ant species, D: allergenic protein group

(anaphylaxis). A normal reaction is confined to the site of the sting
and appears as mild erythema, swelling and pain. A large local
reaction is characterized by extensive erythema and immediate
wheal and flare followed by the development of characteristic pus-
tule after 24 h and sometimes lasting several days, which intense
pruritus. Rare reactions are characterized by serum sickness which
consists of angioedema, urticaria, malaise and fever about 7 days
after the sting (Brown et al., 2004). The incidence of repeat sting
with these individuals can cause anaphylaxis reaction and there-
fore requires immunotherapy when skin test results are positive.
Other rare reactions include nephritic, vasculitic, neurological and
encephalitic-like reactions and can appear up to 2 weeks after
the sting. Toxic reactions take place after multiple contemporary
stings that result in cardiovascular collapse, hypotension and pos-
sibly death. Serious systemic (anaphylaxis) reactions are mediated
by specific IgE antibodies to venom allergens. This results through
activation of mast cells followed by mediator release and systemic
symptoms of anaphylaxis. Patients with history of anaphylaxis to
previous stings can have anaphylaxis with repeat stings with about
60% of adult patients and 20–32% of children (Georgy and Saltoun,
2012; Koterba and Greenberger, 2012). Immunotherapy is indi-
cated for anaphylactic reactions of patients who have a history of
anaphylaxis and positive skin prick test results (venom specific IgE
antibody).

The M.pilosula and M.  pyriformis venoms may  produce only
mild skin irritation to the majority of humans but also severe
anaphylactic response in sensitized victims (Hodgson, 1997). The
sting of the fire ant, Solenopsis species causes an immediate
burning sensation and development of characteristic sterile pus-
tule after 18–24 h as a result of toxic alkaloids in the venom
that derived from piperidines such as solenopsin A. These alka-
loids are 2, 6-di-substituted piperidines which have antibacterial,
histamine-releasing, haemolytic, insecticidal and cytotoxic proper-

ties (Jouvenaz et al., 1972; Lind, 1982; Yi et al., 2003). The alkaloids
do not generate IgE antibody responses but the allergenic proteins
in the venom, which comprise only 0.01% of the venom by weight,
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Table  2
The incidence of diagnosis from ant stings allergy, mainly in the Asia-Pacific region.

Species Incidence of diagnosisa Severity of disease Years References

Solenopsis 2 US servicemen near fatalities in Japan Life-threatening anaphylaxis Unspecified (Hoffman, 1997)
A  47 year-old patient in Australia Anaphylaxis reactions 1999–2000 (Solley et al., 2002)
A  60 year-old patient in Indonesia Severe cutaneous allergic vasculitis 2002 (Knight and Bangs, 2007)
A  one and half year-oldchild near
fatality in India

Severe anaphylactic reactions with
a clinical diagnosis

Unspecified (Havaldar et al., 2012)

A  3 year-old child death in India Severe life-threatening
anaphylaxis

2014 (Purkait et al., 2014)

Myrmecia 4  deaths and 2 patients in Australia Moderate to systemic reactions 1980–1999 (McGain and Winkel, 2002)
10  patients in Western Australia Range from mild, moderate and

severe with hypotension
2004 (Gilhotra and Brown, 2006)

265  participants in Australia Clinical reactivity 2006–2007 (Brown et al., 2011)

Pachycondyla 4  deaths and 31 patients in UAE Anaphylactic shock and systemic
reactions

1991–1995 (Dib et al., 1995)

7  patients in Korea Systemic reactions with allergenic
disease

Unspecified (Kim et al., 2001)

e type
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b
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10  patients in UAE Sever

a The evidences are showed only in the area under this study.

an induce IgE production in allergic patients to fire ant stings
Hoffman et al., 1988a).

. Diagnosis

The circumstances surrounding the ant sting incident should
e ascertained, especially the activity of patients and the insect
ehaviours in the area while they were stung. Taking the insect
or identification is recommended. The incidence of diagnosis from
nt sting allergy in the Asia-Pacific region is outlined in Table 2.
ho et al. (2002) reports about 7 patients in Korea with anaphylaxis
aused by P. chinesis, with 4 subjects demonstrating allergic rhini-
is, urticaria and bronchial hyperreactivity and 5 subjects (71%)
ad positive IgG4 antibody levels. Increasing IgG4 titres are often
een after receiving immunotherapy, but the treatment had not
een provided. The relevance of this antibody type is not well
nderstood and need to be further investigated. The analysis of the
kin-prick tests to P. chinensis extract in Korea was positive in all
atients with systemic allergic reactions (positive response defined
s allergen/histamine wheal size ratio, of 2+ or greater), whereas
3.3% of asymptomatic residents and 2.7% of the controls showed
lso positive skin prick test results in that area (Cho et al., 2002).
he determination of serum-specific IgE levels by ELISA showed
ignificantly higher levels in patients with systemic reactions, as
ompared to patients with large local reaction. Brown et al. (2003a)
eports that 93% of allergic patients to M.  Pilosula volunteers had
enom-specific IgE reactivity compared to 22% of the non-allergic
ontrols, but serum IgE analysis had lower sensitivity as com-
ared to the skin prick testing (sensitivity 0.93; specificity 0.78).
atients with anaphylactic reactions to bulldog ant stings (M. gra-
iosa, M.ludlowi and M.  nigriscapa)  had severe symptoms, ranging
rom mild to severe and clearly life-threatening anaphylaxis, and
emonstrated considerable cross-reactivity of IgE binding between
ulldog ant venom species (Gilhotra and Brown, 2006).

There are reported anaphylactic reactions to imported fire ant
tings with 83 deaths and two near fatal in North America (Rhoades
t al., 1989). Moreover fatalities to the Solenopsis species fire ants
ere reported in a 3 month old infant (More et al., 2008) and a

ne and half year old (Havaldar et al., 2012). The development of
naphylaxis to the sting was followed by a history of anaphylac-
ic reactions to Hymenoptera sting and positive skin prick tests to

enom predicted that at least 60% of adults and 20–30% of children
ill develop anaphylaxis with future stings. Immunotherapy seems

o be very effective for at least 4 years and demonstrated by only 3%
f re-sting patients developed anaphylactic reactions, and might be
 I allergic reactions Unspecified (Reunala et al., 2005)

increased after discontinuing therapy, but reported to increase to
not more than 10% (Koterba and Greenberger, 2012).

5. Management

The most important aspect in the management of any allergic
disorder is allergen avoidance. Treatment decisions are based both
on the severity of previous reactions and the risk of future stings.
Patients need to be instructed on the importance of avoidance
including not disturbing of ant nests using insecticides and wearing
shoes while walking outdoors, especially since the stings can occur
around the homes in the Asia-Pacific region (Shek et al., 2004). Pest
control and elimination of ant nests from home areas should be
considered by patients. Immunotherapy to ant stings is not avail-
able in many countries in the Asia-Pacific region because there are
insufficient data on its efficacy and lack of expert physician. There
are reports about double blind, placebo-controlled crossover tri-
als to the feasibility and efficiency of ant VIT (Brown et al., 2003b).
Randomly allocated allergy volunteers with clinical symptoms to
M. pilosula venom received VIT, while the control group received
only placebo. In the later group 21 of the 29 patients demonstrated
clinical symptoms after sting challenge, with 8 having hypotension,
while only one of the VIT treated 23 patients had transient urticaria.
After crossover 30 participants from the placebo to the VIT group,
only one person reacted to the sting challenge (transient urticaria),
demonstrating similar efficiency. In total 22 out of 64 volunteers
(34%) exhibited a systemic hypersensitivity reaction to VIT. This
trail of VIT show that it is an effective treatment for M.  pilosula
sting anaphylaxis, but there is a risk of systemic reactions during
VIT that should be considered where there is immediate access
to resuscitation facilities. A double-blinded study of M.  pilosula
venom therapy proved highly effective to 34% of patients with sys-
temic reactions during treatment (Weber, 2010). IFA subcutaneous
immunotherapy and WBE  is both safe and effective in prevention
of IFA subsequent sting anaphylaxis (Stokes et al., 2013; Tankersley
et al., 2002). Moreover, VIT is highly effective treatment and preven-
tion of M. pilosula sting anaphylaxis as well (Brown et al., 2003b).
Although there are no evidences of ant immunotherapies for other
species, the samsum ant and P. chinensis WBE  have been used for
allergenic patients (Dib et al., 1995; Kim et al., 2001).
6. Conclusion

There are still very little data available on ant allergy in the Asia-
Pacific region despite the diversity of ant species and the unique
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omponents of venom in each group. Especially the JJA and related
nts produce pilosulin which is not found in other ant groups. The
llergenic proteins Sol i 2 and 4 are only found in the fire ant group
ith a mixture of complex alkaloids, which are not described in

ther venoms. There are limited studies on other species such as
ropical fire ant, Chinese needle ant, samsum ant and harvester
nt. Many allergens of these different species are still unknown
nd need to be identified for better diagnosis and management.

hile immunotherapy for JJA and IFA demonstrates high efficiency
n patients with a history of severe reactions, more specific thera-
eutics need to be developed for other ant species of importance

n the Asia-Pacific region.

onflict of interests

The authors declare that they have no conflict of interests.

cknowledgements

Financial support for this research was provided by The Royal
olden Jubilee Ph.D. Program, Thailand. We  like to thank the mem-
ers of the Molecular Immunology Group. AL is holder of an ARC
uture Fellowship.

eferences

l-Shahwan, M.,  Al-Khenaizan, S., Al-Khalifa, M.,  2006. Black (samsum) ant
induced anaphylaxis in Saudi Arabia. Saudi Med. J. 27, 1761–1763.

arnard, J.H., 1973. Studies of 400 Hymenoptera sting deaths in the United States.
J. Allergy Clin. Immunol. 52, 259–264.

lank, S., Seismann, H., Bockisch, B., Braren, I., Cifuentes, L., McIntyre, M.,  Rühl, D.,
Ring, J., Bredehorst, R., Ollert, M.W.,  2010. Identification, recombinant
expression, and characterization of the 100 kDa high molecular weight
Hymenoptera venom allergens Api m 5 and Ves v 3. J. Immunol. 184,
5403–5413.

lank, S., Seismann, H., Michel, Y., McIntyre, M.,  Cifuentes, L., Braren, I., Grunwald,
T.,  Darsow, U., Ring, J., Bredehorst, R., 2011. Api m 10, a genuine A. mellifera
venom allergen, is clinically relevant but underrepresented in therapeutic
extracts. Allergy 66, 1322–1329.

orer, A.S., Wassmann, P., Schmidt, M.,  Hoffman, D.R., Zhou, J.J., Wright, C.,
Schirmer, T., Markovic-Housley, Z., 2012. Crystal structure of Sol I 2: a major
allergen from fire ant venom. J. Mol. Biol. 415, 635–648.

rown, S.G., Wu,  Q.X., Kelsall, G.R., Heddle, R.J., Baldo, B.A., 2001. Fatal anaphylaxis
following jack jumper ant sting in southern Tasmania. Med. J. Aust. 175,
644–647.

rown, S.G., Franks, R.W., Baldo, B.A., Heddle, R.J., 2003a. Prevalence, severity, and
natural history of jack jumper ant venom allergy in Tasmania. J. Allergy Clin.
Immunol. 111, 187–192.

rown, S.G., Wiese, M.D., Blackman, K.E., Heddle, R.J., 2003b. Ant venom
immunotherapy: a double-blind, placebo-controlled, crossover trial. Lancet
361, 1001–1006.

rown, S., Blackman, K., Stenlake, V., Heddle, R., 2004. Insect sting anaphylaxis;
prospective evaluation of treatment with intravenous adrenaline and volume
resuscitation. Emerg. Med. J. 21, 149–154.

rown, S.G., van Eeden, P., Wiese, M.D., Mullins, R.J., Solley, G.O., Puy, R., Taylor,
R.W., Heddle, R.J., 2011. Causes of ant sting anaphylaxis in Australia: the
Australian Ant Venom Allergy Study. Med. J. Aust. 195, 69–73.

ho, Y.S., Lee, Y.M., Lee, C.K., Yoo, B., Park, H.S., Moon, H.B., 2002. Prevalence of
Pachycondyla chinensis venom allergy in an ant-infested area in Korea. J.
Allergy clin. immunol. 110, 54–57.

ochran, J., McSwain, S.D., Evans, M.,  Webb, S., Tecklenburg, F., 2013. Anaphylaxis
and delayed hymenoptera in a child with fire ant envenomation. Am.  J. Emerg.
Med.  31, 632.e1–632.e3.

avies, N.W., Wiese, M.D., Brown, S.G., 2004. Characterisation of major peptides in
‘jack jumper’ant venom by mass spectrometry. Toxicon 43, 173–183.

eShazo, R.D., Butcher, B.T., Banks, W.A., 1990. Reactions to the stings of the
imported fire ant. N. Eng. J. Med. 323, 462–466.

ib, G., Guerin, B., Banks, W.A., Leynadier, F., 1995. Systemic reactions to the
Samsum ant: an IgE-mediated hypersensitivity. J. Allergy Clin. Immunol. 96,
465–472.

onovan, G.R., Baldo, B.A., Sutherland, S., 1993. Molecular cloning and
characterization of a major allergen (Myr p I) from the venom of the Australian
jumper ant, Myrmecia pilosula. Biochim. Biophys. Acta 1171, 272–280.
ouglas, R.G., Weiner, J.M., Abramson, M.J., O’Hehir, R.E., 1998. Prevalence of
severe ant-venom allergy in southeastern Australia. J. Allergy Clin. Immunol.
101, 129–131.

udler, T., Chen, W.-Q., Wang, S., Schneider, T., Annand, R.R., Dempcy, R.O.,
Crameri, R., Gmachl, M., Suter, M.,  Gelb, M.H., 1992. High-level expression in
unology 69 (2016) 24–32 31

Escherichia coli and rapid purification of enzymatically active honey bee venom
phospholipase A2. Biochim. Biophys. Acta (BBA)-Lipids Lipid Metab. 1165,
201–210.

Fang, K., Vitale, M.,  Fehlner, P., King, T.P., 1988. cDNA cloning and primary
structure of a white-face hornet venom allergen, antigen 5. Proc. Natl. Acad.
Sci.  U. S. A. 85, 895–899.

Fernandez-Melendez, S., Miranda, A., Garcia-Gonzalez, J.J., Barber, D.,  Lombardero,
M.,  2007. Anaphylaxis caused by imported red fire ant stings in Malaga: Spain.
J.  Invest. Allergol. Clin. Immunol. 17, 48–49.

Fukuzawa, M.,  Arakura, F., Yamazaki, Y., Uhara, H., Saida, T., 2002. Urticaria and
anaphylaxis due to sting by an ant (Brachyponera chinensis). Acta Derm.
Venereol. 82, 59.

Georgieva, D., Greunke, K., Betzel, C., 2010. Three-dimensional model of the
honeybee venom allergen Api m 7: structural and functional insights. Mol.
Biosyst. 6, 1056–1060.

Georgy, M.S., Saltoun, C.A., 2012. Allergen Immunotherapy: Definition, Indication,
and Reactions, vol. 33. OceanSide Publications, Inc, pp. S9–S11.

Gilhotra, Y., Brown, S.G., 2006. Anaphylaxis to bull dog ant and jumper ant stings
around Perth, Western Australia. Emerg. Med. Australas.: EMA  18, 15–22.

Gmachl, M., Kreil, G., 1993. Bee venom hyaluronidase is homologous to a
membrane protein of mammalian sperm. Proc. Natl. Acad. Sci. U. S. A. 90,
3569–3573.

Golden, D., 2003. Stinging insect allergy. Am.  Fam. Physician 67, 2541–2546.
Havaldar, P.V., Patil, S.S., Phadnis, C., 2012. Anaphylaxis due to red fire ant bite.

Indian Pediatr. 49, 237–238.
Hodgson, W.C., 1997. Pharmacological action of Australian animal venoms. Clin.

Exp. Pharmacol. Physiol. 24, 10–17.
Hoffman, D.R., 1995. Fire ant venom allergy. Allergy 50, 535–544.
Hoffman, D.R., 1997. Reactions to less common species of fire ants. J. Allergy Clin.

Immunol. 100, 679–683.
Hoffman, D.R., 2010. Ant venoms. Curr. Opin. Allergy Clin. Immunol. 10, 342–346.
Hoffman, D.R., Dove, D.E., Jacobson, R.S., 1988a. Allergens in Hymenoptera venom:

XX.  Isolation of four allergens from imported fire ant (Solenopsis invicta)
venom. J. Allergy Clin. Immunol. 82, 818–827.

Hoffman, D.R., Dove, D.E., Moffitt, J.E., Stafford, C.T., 1988b. Allergens in
Hymenoptera venom. XXI: cross-reactivity and multiple reactivity between
fire ant venom and bee and wasp venoms. J. Allergy Clin. Immunol. 82,
828–834.

Hoffman, D.R., Sakell, R.H., Schmidt, M.,  2005. Sol i 1, the phospholipase allergen of
imported fire ant venom. J. Allergy Clin. Immunol. 115, 611–616.

Hoffman, D.R., Smith, A.M., Schmidt, M.,  Moffitt, J.E., Guralnick, M.,  1990. Allergens
in  Hymenoptera venom. XXII. Comparison of venoms from two  species of
imported fire ants, Solenopsis invicta and richteri. J. Allergy Clin. Immunol. 85,
988–996.

Inagaki, H., Akagi, M.,  Imai, H.T., Taylor, R.W., Kubo, T., 2004. Molecular cloning and
biological characterization of novel antimicrobial peptides, pilosulin 3 and
pilosulin 4, from a species of the Australian ant genus Myrmecia.  Arch.
Biochem. Biophys. 428, 170–178.

Jouvenaz, D., Blum, M.,  MacConnell, J., 1972. Antibacterial Activity of Venom
Alkaloids from the Imported Fire Ant, Solenopsis invicta Buren. Antimicrob.
Agents Chemother. 2, 291–293.

Khan, S.A., Shelleh, H.H., Khan, L.A., Shah, H., 1999. Black fire ant (Solenopsis
richteri) sting producing anaphylaxis: a report of 10 cases from Najran. Ann.
Saudi Med. 19, 463.

Kim, S.C., Hong, C.S., 1992. A case of anaphylaxis by ant (Ectomomyrmex spp.)
venom and measurements of specific IgE and IgG subclasses. Yonsei Med. J. 33,
281–287.

Kim, S.S., Park, H.S., Kim, H.Y., Lee, S.K., Nahm, D.H., 2001. Anaphylaxis caused by
the new ant, Pachycondyla chinensis: demonstration of specific IgE and
IgE-binding components. J. Allergy Clin. Immunol. 107, 1095–1099.

King, T.P., Lu, G., Gonzalez, M.,  Qian, N., Soldatova, L., 1996. Yellow jacket venom
allergens, hyaluronidase and phospholipase: sequence similarity and antigenic
cross-reactivity with their hornet and wasp homologs and possible
implications for clinical allergy. J. Allergy Clin. Immunol. 98, 588–600.

King, T.P., Sobotka, A.K., Kochoumian, L., Lichtenstein, L.M., 1976. Allergens of
honey bee venom. Arch. Biochem. Biophys. 172, 661–671.

Knight, D., Bangs, M.J., 2007. Cutaneous allergic vasculitis due to Solenopsis
geminata (Hymenoptera: Formicidae) envenomation in Indonesia. Southeast
Asian J. Trop. Med. Public Health 38, 808–813.

Koterba, A.P., Greenberger, P.A., 2012. Stinging Insect Allergy and Venom
Immunotherapy, vol. 33. OceanSide Publications, Inc, pp. S12–S14.

Lai, L., Hua, K., Yang, C., Huang, R., Wu,  W.,  2009. Secretion profiles of venom
alkaloids in Solenopsis geminata (Hymenoptera: Formicidae) in Taiwan.
Environ. Entomol. 38, 879–884.

Lee, E.K., Jeong, K.Y., Lyu, D.P., Lee, Y.W., Sohn, J.H., Lim, K.J., Hong, C.S., Park, J.W.,
2009. Characterization of the major allergens of Pachycondyla chinensis in ant
sting anaphylaxis patients. Clin. Exp. Allergy: J. Br. Soc. Allergy Clin. Immunol.
39, 602–607.

Lind, N.K., 1982. Mechanism of action of fire ant (Solenopsis) venoms. I. Lytic
release of histamine from mast cells. Toxicon 20, 831–840.

Lu, G., Kochoumian, L., 1995. Sequence identity and antigenic cross-reactivity of

white face hornet venom allergen, also a hyaluronidase, with other proteins. J.
Biol. Chem. 270, 4457–4465.

Lu, G., Villalba, M., Coscia, M.R., Hoffman, D.R., King, T., 1993. Sequence analysis
and  antigenic cross-reactivity of a venom allergen, antigen 5, from hornets,
wasps, and yellow jackets. J. Immunol. 150, 2823–2830.

http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0065
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0245


3 r Imm

M

M

M

N

P

P

P

P

R

R

R
R

R

S

S

2 H. Srisong et al. / Molecula

cGain, F., Winkel, K.D., 2002. Ant sting mortality in Australia. Toxicon 40,
1095–1100.

ichel, Y., McIntyre, M.,  Ginglinger, H., Ollert, M.,  Cifuentes, L., Blank, S., Spillner,
E.,  2012. The putative serine protease inhibitor Api m 6 From Apis mellifera
Venom: recombinant and structural evaluation. J. Investig. Allergol. Clin.
Immunol. 22, 476.

ore, D.R., Kohlmeier, R.E., Hoffman, D.R., 2008. Fatal anaphylaxis to indoor native
fire ant stings in an infant. Am.  J. Forensic Med. Pathol. 29, 62–63.

elder, M.P., Paysen, E.S., Zungoli, P.A., Benson, E.P., 2006. Emergence of the
introduced ant Pachycondyla chinensis (Formicidae: Ponerinae) as a public
health threat in the southeastern United States. J. Med. Entomol. 43,
1094–1098.

adavattan, S., Schmidt, M.,  Hoffman, D.R., Markovic-Housley, Z., 2008. Crystal
structure of the major allergen from fire ant venom, Sol i 3. J. Mol. Biol. 383,
178–185.

antera, B., Hoffman, D.R., Carresi, L., Cappugi, G., Turillazzi, S., Manao, G., Severino,
M.,  Spadolini, I., Orsomando, G., Moneti, G., 2003. Characterization of the major
allergens purified from the venom of the paper wasp Polistes gallicus. Biochim.
Biophys. Acta (BBA)-Gen. Subj. 1623, 72–81.

artridge, M.E., Blackwood, W.,  Hamilton, R.G., Ford, J., Young, P., Ownby, D.R.,
2008. Prevalence of allergic sensitization to imported fire ants in children
living in an endemic region of the southeastern United States. Ann. Allergy,
Asthma Immunol. 100, 54–58.

urkait, R., Das, B., Saha, A., Bhattacharya, S., Mondal, M.,  Roy, B., 2014. Fatal
anaphylaxis following multiple red fire ant strings. IOSR J. Dent. Med. Sci. 13,
46–48.

atnatilaka, G.A., Herath, R.R., Dias, R.K., 2011. Severe anaphylaxis following ant
bites. Ceylon Med. J. 56, 34–35.

eunala, T., Brummer-Korvenkontio, H., Saarinen, K., Räsänen, L., Lestringant, G.,
Hoffman, D., 2005. Characterization of IgE-binding allergens in Samsum ant
venom. J. Allergy Clin. Immunol. 115, S108.

hoades, R., 2001. Stinging ants. Curr. Opin. Allergy Clin. Immunol. 1, 343–348.
hoades, R.B., Stafford, C.T., James Jr., F.K., 1989. Survey of fatal anaphylactic

reactions to imported fire ant stings. Report of the fire ant subcommittee of the
American Academy of allergy and immunology. J. Allergy Clin. Immunol. 84,
159–162.

odriguez-Acosta, A., Reyes-Lugo, M.,  2002. Severe human urticaria produced by
ant (Odontomachus bauri, Emery (Hymenoptera: Formicidae) venom. Int. J.
Dermatol. 41, 801–803.
anad, E.M., Helmy, A.Z., Morsy, T.A., 2002. Ant allergy in Benha District Qualyobia
Governorate, Egypt. J. Egypt. Soc. Parasitol. 32, 901–906.

chmidt, M.,  Walker, R.B., Hoffman, D.R., McConnell, T.J., 1993. Nucleotide
sequence of cDNA encoding the fire ant venom protein Sol i II. FEBS Lett. 319,
138–140.
unology 69 (2016) 24–32

Schmidt, M., McConnell, T.J., Hoffman, D.R., 1996. Production of a recombinant
imported fire ant venom allergen, Sol i 2, in native and immunoreactive form. J.
Allergy Clin. Immunol. 98, 82–88.

Schmidt, M., McConnell, T.J., Hoffman, D.R., 2003. Immunologic characterization of
the  recombinant fire ant venom allergen Sol i 3. Allergy 58, 342–349.

Shek, L.P., Ngiam, N.S., Lee, B.W., 2004. Ant allergy in Asia and Australia. Curr. Opin.
Allergy Clin. Immunol. 4, 325–328.

Soldatova, L., Kochoumian, L., King, T.P., 1993. Sequence similarity of a hornet (D.
maculata)  venom allergen phospholipase A1 with mammalian lipases. FEBS
Lett. 320, 145–149.

Soldatova, L., Bakst, J., Hoffman, D., Slater, J., 2000. Molecular cloning of a new
honeybee venom allergen, acid phosphatase. J. Allergy Clin. Immunol. 105,
S378.

Solley, G., 1989. Allergy to stinging and biting insects in Queensland. Med. J. Aust.
153,  650–654.

Solley, G.O., Vanderwoude, C., Knight, G.K., 2002. Anaphylaxis due to red imported
fire ant sting. Med. J. Aust. 176, 521–523.

Stokes, S.C., Quinn, J.M., Sacha, J.J., White, K.M., 2013. Adherence to imported fire
ant subcutaneous immunotherapy. Ann. Allergy Asthma Immunol. 110,
165–167.

Street, M.D., Donovan, G.R., Baldo, B.A., 1996. Molecular cloning and
characterization of the major allergen Myr  p II from the venom of the jumper
ant Myrmecia pilosula: Myr  p I and Myr p II share a common protein leader
sequence. Biochim. Biophys. Acta 1305, 87–97.

Sukprasert, S., Uawonggul, N., Jamjanya, T., Thammasirirak, S., Daduang, J.,
Daduang, S., 2012. Characterization of the allergen Sol gem 2 from the fire ant
venom, Solenopsis geminata. J. Venom. Anim. Toxins Trop. Dis. 18, 325–334.

Tankersley, M.S., Walker, R.L., Butler, W.K., Hagan, L.L., Napoli, D.C., Freeman, T.M.,
2002. Safety and efficacy of an imported fire ant rush immunotherapy protocol
with and without prophylactic treatment. J. Allergy Clin. Immunol. 109,
556–562.

Tankersley, M.S., 2008. The stinging impact of the imported fire ant. Curr. Opin.
Allergy Clin. Immunol. 8, 354–359.

Thong, B., Leong, K., Chng, H., 2005. Insect venom hypersensitivity: experience in a
clinical immunology/allergy service in Singapore. Singapore Med. J. 46, 535.

Weber, R.W., 2010. On the cover—jack jumper ant. Ann. Allergy Asthma Immunol.
104, A4.

Wu,  B., Lu, Y., Zeng, L., Liang, G., 2008. Influences of Solenopsis invicta buren
invasion on the native ant communities in different habitats in Guangdong. J.

Appl. Ecol. 19, 151–156.

Yi, G., Mc  Clendon, D., Desaiah, D., Goddard, J., Lister, A., Moffitt, J., Vander Meer, R.,
de  Shazo, R., Lee, K., Rockhold, R., 2003. Fire ant venom alkaloid, isosolenopsin
A, a potent and selective inhibitor of neuronal nitric oxide synthase. Int. J.
Toxicol. 22, 81–86.

http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0300
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0300
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0300
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0300
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0300
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0300
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0300
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0300
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0300
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0300
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0300
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0305
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0310
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0315
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0320
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0325
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0330
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0335
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0335
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0335
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0335
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0335
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0335
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0335
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0335
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0335
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0335
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0335
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0335
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0335
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0335
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0335
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0340
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0345
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0350
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0350
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0350
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0350
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0350
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0350
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0350
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0350
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0350
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0350
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0350
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0350
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0350
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0350
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0350
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0355
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0355
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0355
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0355
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0355
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0355
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0355
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0355
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0355
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0355
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0355
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0355
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0355
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0355
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0355
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0360
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0360
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0360
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0360
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0360
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0360
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0360
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0360
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0360
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0360
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0360
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0360
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0360
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0360
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0360
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0365
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0370
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0375
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0380
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0385
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0390
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0390
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0390
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0390
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0390
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0390
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0390
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0390
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0390
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0390
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0390
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0390
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0390
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0395
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400
http://refhub.elsevier.com/S0161-5890(15)30113-9/sbref0400

	Current advances in ant venom proteins causing hypersensitivity reactions in the Asia-Pacific region
	1 Introduction
	2 Invasion history
	2.1 Myrmecia species
	2.2 Pachycondyla species
	2.3 Solenopsis species
	2.4 Other species

	3 Clinical symptoms
	4 Diagnosis
	5 Management
	6 Conclusion
	Conflict of interests
	Acknowledgements
	References


