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eeding associated neonatal necrotizing enterocolitis (Primary NEC) is an
inflammatory bowel disease

David A. Clark ∗, Upender K. Munshi
Albany Medical College, Albany, NY, United States

bstract

Neonatal necrotizing enterocolitis which develops after feeding preterm infants is characterized by severe intestinal inflammation and
rofound systemic metabolic acidosis. The fermentation of undigested dietary carbohydrate by colonic flora yields gases (CO2 and H2) and
hort chain organic acids. These organic acids can disrupt the intestinal mucosa and initiate inflammation driven predominantly by resident

ast cells and by granulocytes which are recruited from blood. A systemic acidosis ensues derived from intestinal acids, not classic lactic

cidosis produced from anaerobic metabolism. The systemic acidosis further compromises inflamed bowel leading to bowel necrosis.
 2014 Elsevier Ireland Ltd. All rights reserved.
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Neonatal necrotizing enterocolitis (NEC) is a devastating
llness. Well over 20,000 articles from over 10,000 individual
uthors have been written in the past 30 years (Google Scholar
earch – June 2013). The incidence of NEC in the United
tates is approximately 3–10% of pre-term very low birth
eight babies (birth weight <1500 g), which translates into

t least 2500 cases of NEC annually [1–4]. It is one of the
ost common causes of death in premature babies surviving

espiratory distress.
Signs and symptoms associated with NEC are noted in

able 1. There are radiographic diagnostic criteria for more
dvanced disease [4–6]. Pneumatosis intestinalis, with or
ithout hepatic portal venous gas, is considered as pathog-
omonic of NEC. Free peritoneal air resulting from bowel
all perforation or a sentinel loop due to extensive bowel
all necrosis indicates an advanced stage of NEC. Labora-

ory investigations reveal elevation of acute phase reactants
imilar to neonatal sepsis syndrome, thrombocytopenia and
etabolic acidosis, all in the context of inflamed and necrotic

ntestine from a disrupted intestinal mucosa [7–10].
NEC is not a specific diagnosis but a constellation of signs
nd symptoms with several proposed etiologies. Spontaneous
ntestinal perforation (SIP) presenting as pneumoperitoneum
as been recognized as a distinct entity from NEC. SIP often
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resents early without pneumatosis or portal venous gas [11].
n a sick preterm infant the distinction may not be resolved
ntil surgical resection or autopsy.

For the purpose of this review we will broadly classify
EC into two main categories: (1) Primary NEC which typ-

cally occurs in an apparently stable preterm infant who is
eeding enterally with no recognizable prior triggering event
nd (2) Secondary NEC which afflicts a preterm or term
nfant, who may or may not be feeding. These babies almost
lways have a recognizable triggering condition [7,8].

Primary NEC (lack of any inciting trigger) occurs beyond
he first week of postnatal life and accounts for the majority of
EC (85–90% of cases) in neonatal intensive care units [2].
econdary NEC, a subset of which has been termed sponta-
eous intestinal perforation (SIP) comprises about 10–15% of
ll cases each preceded by a proximate cause [2–4]. Examples
f Secondary NEC (SIP) include term infants with congenital
yanotic heart disease, polycythemia, post-exchange transfu-
ion, hypoxemic-ischemic insult with multiple organ failure
nd preterm infants with transfusion associated NEC [2,4].
here is no national database for reporting the various forms
f NEC. Once NEC is clinically apparent, the clinical fea-
ures of both categories look similar with varying degrees of

everity.

In Secondary NEC, earlier recognition and avoidance
f inciting events as well as careful monitoring of the
nfants who have them may either prevent NEC or result in

dx.doi.org/10.1016/j.pathophys.2013.11.006
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Table 1
Signs of necrotizing enterocolitis.

Systemic Gastrointestinal

Temperature instability Abdominal distension
Lethargy Abdominal wall discoloration
Apnea/bradycardia Fewer stools with increased feeds
Hypotension-shock Feeding intolerance (residuals)
Metabolic acidosis-mixed Emesis (bilious)
Glucose instability Carbohydrate intolerance
Left-shifted WBC differential Positive stool clinitest
Neutropenia Breath hydrogen elevated
Thrombocytopenia Bloody stool
Eosinophilia Gross blood 25%
Coagulopathy Occult blood 25–60%
Positive blood culture
E
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source of organic acids in the intestinal lumen, and the gases
levated C-reactive protein

arly detection and prompt management of NEC, potentially
mproving clinical outcomes. There is no such strategy appli-
able to Primary NEC since it sets in without warning events
n an otherwise stable preterm infant who is either on full or
ubstantial amount of enteral feeding. Many factors such as
smolality of formula, timing and advancement of feedings,
nd primary gastrointestinal infection have been proposed as
he inciting event but none have proven significant. Exclusive
reast feeding has been shown to lower the incidence [9,10].

There are several excellent articles describing potential
nd detailed subsets of pathophysiology that should be con-
idered [4,11]. This manuscript focuses on the broad view of
he initiation and propagation of Primary NEC. NEC is the
nd result of a process and is not caused by the same patho-
hysiology in every premature infant. Vascular (ischemia
eperfusion) injury and infection are infrequent causes of
EC and both are considered as Secondary NEC. Primary
EC is an inflammatory process without a clear understand-

ng of its genesis. Both lead to intestinal necrosis but there
emain specific subtleties differentiating them [3,6]. Without
egard to the cause of severely damaged intestine, the treat-
ent is the same, including cessation of feedings, gastric

ecompression, parenteral nutrition, supportive care, correc-
ion of acidosis, hypotension and blood loss, broad-spectrum
ntibiotics, and transfusion as necessary. Serial examina-
ions are performed and abdominal X-rays are taken in an
ttempt to detect intestinal perforation early. A perforation
ay be managed by peritoneal drainage or a laparotomy to

esect necrotic bowel, commonly leaving a diverting intesti-
al stoma. Unfortunate complications include short bowel
yndrome, strictures, adhesions, entero-colonic fistulas, per-
toneal abscesses and various complications of prolonged
arenteral nutrition.

.  What  is  known  about  NEC
The intestine of the low birth weight premature infant
s immature in many of its functional aspects [13]. There
s decreased digestion and absorption of many essential

o
i
s
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utrients. There is limited ability to both secrete enzymes
s well as decreased intestinal motility. Undigested carbohy-
rate is substrate for intestinal flora which produce organic
cids and gases. The liver which metabolizes a number of
ompounds absorbed from the intestine does so with variable
egrees of success. The preterm infant’s immature intestinal
arrier is less efficient at controlling toxins and organisms,
pecifically bacteria and viruses that are able to induce
ucosal disruption. These organisms may initiate a local

nflammatory response releasing mediators that are toxins.
hese should be removed by the liver, to prevent a severe
ystemic response. Table 2 delineates the characteristics of
rimary and Secondary NEC [12,14,15]. The unfed infant
ommonly has multiple organ involvement before the bowel
amage which is limited to a single site, commonly within the
mall bowel [11]. If the infant has been fed, the onset is much
ater (beyond 7 days) with over 25% of cases occurring after

 month of age. The affected site is the distal ileum and prox-
mal colon where undigested substrate (carbohydrate) first
eets a significant load of bacteria. The intestine is the first

rgan affected and then there is subsequent systemic illness.
 key difference between the two (Table 2) is that the acido-

is of Secondary NEC is lactic acidosis whereas the acidosis
f the late onset form (Primary NEC) is a mixed metabolic
cidosis comprising more than one short chain fatty acid or
rganic acid [6,12].

Clinical studies are hampered, because many key data ele-
ents are not considered or reported, including the prenatal

istory, time of rupture of the membranes, prenatal steroids
r antibiotics, the mode of delivery, post natal steroids, the
anagement of respiratory distress, the microbiology of the

ndividual baby as well as of the environment of the NICU.
ost studies are unfunded and are commonly retrospective

s a secondary or tertiary analysis. Many important variables
re missing, including events preceding the onset of NEC in
he individual baby. Because there has been no well-defined
tiology, investigator bias adds to the confusion. In general,
he prevailing basic theory is that the preterm infant is born
ith multiple limitations of an immature intestine includ-

ng malabsorption, immune dysregulation, a poorly regulated
ntestinal circulatory system, poor intestinal motility, and

ucosal barrier defects [3,4,11,14].
Animal models of NEC have had limited utility. There is

o premature primate NEC model. The rat and mouse models
f NEC have been called into question, given that they depend
n a combination of significant hypoxia combined with cold
tress, neither which are likely to be sustained insults in the
ppropriate care of the premature baby.

Associations that are critical include prematurity with an
nverse relationship, increasing incidence of NEC as gesta-
ional age decreases [1,2,4,6,14]. The feeding association is
mportant as carbohydrate metabolized by the bacteria is the
f pneumatosis intestinalis and portal venous tree. Timing
s important because subclinical cases may recover within
everal days once cautious feeding and supportive care have
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Table 2
NEC – Primary and Secondary.

Primary (fed infant) Secondary (unfed infant)

Gestational age <34 weeks, <1500 g Preterm to term
Perinatal asphyxia Unlikely Common
Bacterial colonization Well established after oral feedings Light, little oral nutrition
Onset of NEC 7 days to 3 months (25% >1 month) <7 days after birth
Location of necrosis Ileum, colon Small bowel

Multiple sites common Single site
Pneumatosis intestinalis
Portal venous gas

Organs systems involved Intestine first, then systemic Multiple (brain, kidneys, heart, liver)
Acidosis Mixed metabolic Lactic acid

Propionic, butyric
B
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lood culture Positive ∼25% 

Commonly Gram ne

een initiated. A concept which is no longer relevant is the
iving seal reflex. It is a mature reflex not found in seal pups.
smolarity is not an issue since the gastrointestinal tract is
esigned to dilute and concentrate nutrients. The stomach
hich by initial exposure is the most susceptible organ to
yperosmolarity is rarely involved.

The classic theory does not correlate well with the epi-
emiology. About 90% of patients afflicted with NEC are
reterm, less than 34 weeks gestation, and have been enter-
lly fed, many for several weeks [3,12,14]. Most of the babies
ave gained weight demonstrating maturing intestinal func-
ion which then becomes impaired. The majority of the babies
ave not had an apparent hypoxic-ischemic insult and one
uarter of the cases of NEC occur beyond a month of age,
uggesting perinatal events have little to no significance in
rimary NEC. Therefore, the etiology of NEC falls into two
road categories; Secondary NEC encompassing infection,
pproximately 5%, and ischemia reperfusion injury 5–10%.
rimary NEC describes a neonatal form of inflammatory
owel disease which accounts for 85–90% of all the clinical
ases of NEC.

Ischemia-reperfusion injury has been reported. However,
he majority of the babies that have ischemic risk factors do
ot develop NEC. Most babies who develop Primary NEC
ave no identifiable ischemic insult [15]. There are also many
abies who do not develop NEC even though they have obvi-
us, severe ischemic insult. There is no correlation with NEC
f premature babies and acute tubular necrosis, perinatal
sphyxia, and intraventricular hemorrhage. Animal models of
schemia have been the Primary NEC model since the 1960s.
n a sheep model, event reducing the hematocrit to 30% and
iving a hypoxic insult of 10% oxygen for 30 min, oxygen
onsumption was not compromised as there was increased tis-
ue O2 extraction and therefore no intestinal damage [16]. In a
anine model of NEC, two hours of hypoxia and resuscitation,
f the dogs were sacrificed within 24 h there was intestinal vas-
ular congestion and hemorrhage [17]. If the animals were

llowed three days before sacrifice there was full recovery
f the intestine with normal histology. The intestine has the
bility recover if there is not a continued insult.

G
t
a

Sterile
acteria

Regarding infection, there are many reported cases
f neonatal appendicitis, Hirschsprung’s disease, colonic
bstruction, diverticulitis and other forms of localized inflam-
ation that have some of the characteristics of necrotizing

nterocolitis but with a clear underling etiology. In each of
hese examples enteric bacteria play a primary role [18,19].

At birth newborns are sterile but there is rapid colonization
f skin, umbilical cord, oropharynx, and intestinal tract. Once
he intestine is colonized with as many as 500 million to 1
illion bacteria/gram of stool, portal bacteremia is relatively
ommon [18]. An efficient liver prevents that threat from
ecoming systemic.

A number of organisms have been reported as asso-
iated with necrotizing enterocolitis [18]. These include
iruses: coronavirus, rotavirus, enterovirus, and parvovirus
19 [20,21]. The viruses cause disease by direct infection.
he associations with bacteria have been more spotty and

nclude, E.  coli, Klebsiella  species, Enterobacter  species,
nd Staphylococcus  species. Bacteria have several means
y which to damage the intestine, including toxin produc-
ion [19]. Bacteria also ferment carbohydrates of any variety
ith lactose being the most commonly malabsorbed carbo-
ydrate in milk (breast milk or formula). The fermentation
rocess of bacteria produces several gases, carbon dioxide
nd hydrogen. Carbon dioxide is soluble and rapidly dis-
olved. Hydrogen is the gas in the bowel wall of pneumatosis
ntestinalis as well as the portal gas A series of organic acids
short chain fatty acids) are produced in the fermentation
rocess including lactic acid, butyric acid, propionic acid,
cetic acid, isobutyric acid, and formic acid [18]. The speed
f fermentation is important. Generating acid quickly initi-
tes local intestinal inflammation and skip lesions. The acids
enerated are the source of the systemic mixed metabolic
cidosis.

The most commonly used medications in the neonatal
ntensive care unit are ampicillin and gentamicin [22,23].
arbonero et al. reported that Klebsiella  species and other

ram negative rods exposed to low dose ampicillin increase

heir genomic �-lactamase becoming more resistant as well
s simultaneously increasing the beta-galactosidase activity



3 Pathophysiology 21 (2014) 29–34

[
d
f
i
t
i
b
m

g
d
i
t
n
a
t
I
n
s
b
c
u
h
p
N
p
w
i
e
t

a
w
p
b
c
m

2

m
m
a
a
a
o
t
t
t
a
t
i
n
t

Table 3
Cells inducing intestinal injury.

Initiation Exacerbation

Enterocytes Neutrophils-recruited
Mast cells Eosinophils-recruited
Neutrophils-resident Monocytes
M
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ischemia injury, and conditions other than NEC have lactic
acid as the primary circulating metabolite causing the acido-
sis. Babies with NEC (N  = 8) and severe metabolic acidosis

Table 4
Mediators derived from mast cells.

Preformed and rapidly eluted mediators
• Histamine
• Eosinophil chemotactic factors of anaphylaxis (ECF-A)
• Intermediate weight ECF-A
• Neutrophil chemotactic factors
•  Superoxide anions
• Exoglycosidases – hexosaminidase, glucuronidase, d-galactosidase
• Serotonin
• Kininogenase
• Arylsulfatase A

Preformed granule-associated mediators
• Heparin
• Chymotrypsin/trypsin
• Peroxidase
• Superoxide dismutase
• Arylsulfatase B
• Inflammatory factors of anaphylaxis

Secondary or newly generated mediators
• Nitric oxide
• Slow-reacting substances of anaphylaxis (leukotrienes C, D, E)
• Prostaglandins
• Monohydroxyeicosatetraenoic acids
• Hydroperoxyeicosatetraenoic acids
2 D.A. Clark, U.K. Munshi / 

24]. Therefore, as antibiotic resistances increases carbohy-
rate fermentation also increases rapidly. This sets the stage
or high concentrations of multiple organic acids within the
ntestine that cause mucosal inflammation, leading to sys-
emic acidosis. The concept of intraluminal organic acids
nducing colitis is well described in that organic acids, acetic,
utyric acid and propionic acid have been used in animal
odels to induce inflammatory colonic disease [6,24–27].
Modeled after the concept that Helicobacter  sp. causes

astric ulcers, recently there has been a concerted effort to
etermine a specific pathogen responsible for causing the
ntestinal inflammation of NEC. Several studies have shown
here is a change in the intestinal flora in children who develop
ecrotizing enterocolitis in that the proteobacteria constitute
s much as 70% of the organisms in the stool, in cases within
hree days preceding the clinical diagnosis of NEC [28].
ncluded in this group are the previously mentioned Gram
egative rods E.  coli, Klebsialla  sp. and others. Despite the
ystematic search, no consistent pathogen has been identified
y culture techniques or by genomic analysis. The organism
olonizes the GI tract while the baby is being fed sterile liq-
id formula or breast milk. The hypothetical organism would
ave to be one that preferentially affects the distal ileum and
roximal colon, the primary sites of disease in preterm babies.
o other intestinal or colonic pathogen has shown any similar
attern. There is no seasonal pattern as is commonly found
ith intestinal infections. Toxins have rarely been identified

n preterm NEC. Although an important etiology for GI dis-
ase in older children they are not an issue in newborns in
hat toxin receptors are not yet developed.

The common intestinal flora found in all babies and in
ll intensive care nurseries may be the culprits in a subtle
ay, not by their invasive characteristics nor their ability to
roduce toxins, but simply by their ability to ferment car-
ohydrate and produce organic acids more quickly than the
apacity of the preterm infants’ defense mechanisms, the
ucosa, and the portal system and liver can accommodate.

.  Proposed  pathogenesis  of  Primary  NEC

To initiate intestinal damage a mechanism to disrupt the
ucosal barrier is a central concept. Only three of the many
echanisms of disruption of the intestinal mucosal barrier in

nimal models [29,30] seem to be of any significance. These
re ischemia reperfusion injury, bacterial toxins, and organic
cids. Since there is minimal likelihood of bacterial toxins
r ischemic reperfusion injury, the organic acids should be
he focus. Inflammation likely begins with carbohydrate (lac-
ose) malabsorption and leads to bacterial fermentation and
he generation of multiple organic acids, short chain fatty
cids which disrupt the mucosal barrier. A local activation of

he proinflammatory defense response along with poor motil-
ty and stasis initiates intestinal inflammation and potentially
ecrosis. A number of cells are responsible for the inflamma-
ion including cells which initiate and exacerbate the process.
acrophages Lymphocytes
ndothelium Platelets

hese are listed in Table 3. Of particular note here is the mast
ell [30–34]. The mast cell has not been well studied since
t is consumed in the inflammatory process and is no longer
resent in necrotic tissue. The mast cell has over 30 different
ediators, some rapidly eluted, some from preformed gran-

les, and others secondary or newly generated. Mediators
eported associated with NEC (Table 4) include Leukotrienes
4, D4, Interleukin-6,8 oxygen radicals, platelet activating

actor and thromboxane all of which can be found in an
ctivated mast cell [33–36].

Of the original list of systemic and gastrointestinal signs
nd symptoms of feeding-associated Primary NEC the one
ritical factor is mixed metabolic acidosis. With hypoxic
schemic injury the lactic acidosis is transient and readily

anaged. The mixed metabolic acidosis of NEC is sus-
ained which often takes many hours to fully resolve. Using
andem mass spectroscopy, we have examined the whole
lood organic acid profile of babies in the NICU with severe
etabolic acidosis (Fig. 1). Babies (N  = 28) with hypoxic
• Hydroxypheptadecatrienoic acid
•  Thromboxanes
• Platelet-activating factor
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ig. 1. The circulating organic acids in neonates with systemic metabolic
cidosis - Non-NEC versus NEC.

ad propionic acid as the primary organic acid. Propionic
cid is one of the important metabolic fermentation products
f members of the proteobacteria specifically E.  coli, and
lebsiella  sp. [24,25]. Endogenous sources of propionic acid

esult from catabolism of a small number group of amino
cids. Protein catabolism is unlikely in preterm infants who
re growing after having been fed successfully. The primary
ource of the propionic acid producing metabolic acidosis is
he intestinal bacteria which continue to generate acid as long
s substrate is available. This explains the location of NEC
s distal and proximal colon where the most rapid fermen-
ation occurs. Fermentation more distal is less likely since
he substrate is consumed especially in the context of poor

otility, inflamed distal ileum and proximal colon. Based
n newborn screening program data from New York State
NY State DOH – personal communication) preterm infants
34 weeks gestation often have limited capacity to clear pro-
ionic acid. This organic acid is metabolized only by the
iver. Other organic acids such as lactic and short chain fatty
cidic with fewer than 4 carbons (C4) are metabolized by the
rebs Cycle present in the majority of tissues. In newborn

creening programs propionic acid is a common false/positive
n babies who are fed. The propionic acid is elevated prior to
4 weeks gestation and resolves without true disease. This
uggests a maturational defect of the liver to metabolize
ropionic acid. The enzyme (propionyl CoA carboxylase)
onverts propionic acid to methylmalonyl-CoA and a Vita-
in B12 dependent enzyme rearranges it to succinyl CoA the

recursor of succinic acid, which is within the Krebs cycle.

rior to birth without intestinal colonization there is no gen-
ration of organic acids from the intestine and therefore no
eed to have the hepatic enzymes functional.

[

ysiology 21 (2014) 29–34 33

Based on these observations we have developed a piglet
ntraluminal model of NEC which includes all of the key
eatures, skip lesions, pneumatosis, portal gas, systemic acid-
sis, thrombocytopenia, neutropenia and others [37]. The
odel is induced only by a rapid lactose fermenting Gram

egative rod incubated with preterm formula. There is no
ypoxic or ischemic insult [37]. This model may explain the
tility of probiotic administration to reduce the risk of NEC
38–40].

In summary, the initiation of NEC is linked to rapidly
ermenting bacteria producing a series of organic acids that
ause local intestinal inflammation. Intact sustained blood
ow delivers acids along with hydrogen (portal gas) by the
ortal system to the liver. The liver metabolizes most organic
cids efficiently in the term infant but in the preterm baby the
iver is overwhelmed leading to systemic acidosis specifically
ropionic acidemia. The systemic mixed metabolic acidosis,
ed by propionic acid, exacerbates the damage to already
nflamed intestine resulting in intestinal damage (Primary
EC).

eferences

[1] A.M. Kosloske, Epidemiology of necrotizing enterocolitis, Acta Pae-
diatr. 83 (s396) (1994) 2–7.

[2] R.D. Uauy, A.A. Fanaroff, S.B. Korones, J.B. Phillips, J.B. Philips,
L.L. Wright, Necrotizing enterocolitis in very low birth weight infants:
biodemographic and clinical correlates, J. Pediatr. 119 (4) (1991)
630–638.

[3] J. Rennie, Roberton’s Textbook of Neonatology, 4th edition, Elsevier,
Beijing, China, 2005.

[4] J. Neu, W.A. Walker, Necrotizing enterocolitis, N. Engl. J. Med. 364
(3) (2011) 255–264.

[5] D.K. Lambert, R.D. Christensen, E. Henry, G.E. Besner, V.L. Baer,
S.E. Wiedmeier, et al., Necrotizing enterocolitis in term neonates:
data from a multihospital health-care system, J. Perinatol. 27 (2007)
437–443.

[6] D.A. Clark, M.J.S. Miller, Intraluminal pathogenesis of necrotizing
enterocolitis, J. Pediatr. 117 (1 pt. 2) (1990) S64–S67.

[7] W.H. Yee, A.S. Soraisham, V.S. Shah, K. Aziz, W. Yoon, S.K. Lee,
the Canadian Neonatal Network, Incidence and timing of presentation
of necrotizing enterocolitis in preterm infants, Pediatrics 129 (2012)
e298–e304.

[8] A. Maayan-Metzger, A. Itzchak, R. Mazkereth, J. Kuint, Necrotizing
enterocolitis in full-term infants: case–control study and review of the
literature, J. Perinatol. 24 (2004) 494–499.

[9] A. Lucas, T.J. Cole, Breast milk and neonatal necrotizing enterocolitis,
Lancet 336 (1990) 1519–1523.

10] Meizen-Derr, B. Poindexter, L. Wrage, A.L. Morrow, B. Stoll, E.F.
Donovan, Role of human milk in extremely low birth weight infants’
risk of necrotizing enterocolitis or death, J. Perinatol. 29 (2009)
57–62.

11] P. Gordon, R.D. Christensen, J.H. Weitkamp, A. Maheshwari, Mapping
the new world of necrotizing enterocolitis (NEC). Review and opinion,
E-J. Neonatol. Res. 2 (Summer (4)) (2012) 145–172.

12] D.A. Clark, M.J.S. Miller, What causes necrotizing enerocolitis and
how can it be prevented, in: T. Hansen (Ed.), Current Topics in Neona-

tology, vol. 1, WB Saunders, London, 1996, pp. 160–176.

13] D.A. Clark, A.L. Mitchell, Development of gastrointestinal function:
risk factors for necrotizing enterocolitis, J. Pediatr. Pharmacol. Ther. 9
(2) (2004) 96–103.

http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0005
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0010
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0015
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0020
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0025
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0030
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0035
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0040
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0045
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0050
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0055
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0060
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0065


3 Pathoph

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

4 D.A. Clark, U.K. Munshi / 

14] A.R. Llanos, M.E. Moss, M.C. Pinzon, T. Dye, R.A. Sinkin, J.W.
Kendig, Epidemiology of neonatal necrotizing enterocolitis: a popula-
tion based study, Paediatr. Perinat. Epidemiol. 16 (4) (2002) 342–349.

15] R.N. Goldberg, D.W. Thomas, F.R. Sinatra, Necrotizing enterocolitis in
the asphyxiated full-term infant, Am. J. Perinatol. 1 (1) (1983) 40–42.

16] P.T. Nowicki, N.B. Hansen, W. Oh, B.S. Stonestreet, Gastrointestinal
blood flow and oxygen consumption in the newborn lamb: effect of
chronic anemia and acute hypoxia, Pediatr. Res. 18 (1984) 420–425.

17] F. Hansbrough, C.J. Priebe, G.H. bornside, R.A. Welsh, Pathogenesis
of early necrotizing enterocolitis in the hypoxic neonatal dog, Am. J.
Surg. 145 (1984) 169–175.

18] P.B. Eckburg, E.M. Bik, C.N. Bernstein, E. Purdom, L. Dethlefsen, M.
Sargent, S.R. Gill, K.E. Nelson, D.A. Relman, Diversity of the human
intestinal microbial flora, Science 308 (2005) 1635–1638.

19] D. Boccia, I. Stolfi, S. Lana, M.L. Moro, Nosocomial necrotizing ente-
rocolitis outbreaks: epidemiology and control measures, Eur. J. Pediatr.
160 (2001) 385–391.

20] R. Sharma, R.D. Garrison, J.J. Tepas 3rd, D.L. Mollitt, P. Pieper,
M.L. Hudak, et al., Rotavirus-associated necrotizing enterocolitis: an
insight into a potentially preventable disease? J. Pediatr. Surg. 39 (2004)
453–457.

21] S. Rousset, O. Moscovici, P. Lebon, J.P. Barbet, P. Helardon, B. Mace,
et al., Intestinal lesions containing coronavirus-like particles in neona-
tal necrotizing enterocolitis: an untrastructural analysis, Pediatrics 73
(1984) 218–224.

22] R. Clark, B.T. Bloom, A.R. Spitzer, D.R. Gerstmann, Reported medi-
cation use in the neonatal intensive care unit: data from a large national
data set, Pediatrics 117 (2006) 1979–1987.

23] V.N. Alexander, V. Northrup, M.J. Bizzarro, Antibiotic exposure in the
newborn intensive care unit and the risk of necrotizing enterocolitis, J.
Pediatr. 159 (2011) 392–397.

24] C.A. Carbonaro, D.A. Clark, D.A. Elseviers, Bacterial pathogenicity
determinant associated with necrotizing enterocolitis, Microb. Pathog.
5 (1988) 427–436.

25] M.J.S. Miller, X.-J. Zhang, X. Gu, D.A. Clark, Acute intestinal injury
induced by acetic acid and casein: prevention by intraluminal miso-

prostol, Gastroenterology 101 (1991) 22–30.

26] T. Ohuska, T. Nomura, N. Sato, The role of bacterial infection in the
pathogenesis of inflammatory bowel disease, Intern. Med. 43 (2004)
534–539.

[

ysiology 21 (2014) 29–34

27] C. Lupp, M.L. Robertson, M.E. Wickman, I. Sekirov, O.L. Champion,
E.C. Gaynor, B.b. Finlay, Host-mediated inflammation disrupts the
intestinal microbiota and promotes the overgrowth of Enterobacteri-
acae, Cell Host Microbe 2 (2001) 119–129.

28] V. Mai, C.M. Young, M. Ukhanova, X. Wang, Y. Sun, G. Casella, et al.,
Fecal microbiota in premature infants prior to necrotizing enterocolitis,
PLoS ONE 6 (2011) e20647.

29] M.J.S. Miller, D.A. Clark, Profile and sites of eicosanoid release in
experimental necrotizing enterocolitis, in: Y.-K. Wong, B. Samuels-
son, F. Sun (Eds.), Advances in Prostaglandin, Thromboxane and
Leukotriene Research, vol. 19, Raven Press, NY, 1989, pp. 556–559.

30] M.J.S. Miller, J.M. Adams, X. Gu, X.J. Zhang, D.A. Clark, Hemo-
dynamic and permeability characteristics of acute, experimental
necrotizing entercolitis, Dig. Dis. Sci. 35 (1990) 1257–1264.

31] J.P. Kinet, The essential role of mast cells in orchestrating inflammation,
Immunol. Rev. 217 (2007) 5–7.

32] M.J.S. Miller, X.-J. Zhang, X. Gu, H. Sadowska-Krowicka, D.A. Clark,
Histamine is a transient marker of small intestinal injury induced by
luminal acetic acid and casein, Agents Actions 34 (1991) 175–177.

33] G. Krishnaswamy, O. Ajtawi, D.S. Chi, The human mast cell: an
overview, Methods Mol. Biol. 315 (2006) 13–34.

34] S.C. Bischoff, S. Kramer, Human mast cells, bacteria, and intestinal
immunity, Immunol. Rev. 217 (2007) 329–337.

35] J.M. Yen, C.H. Lin, M.M. Yang, S.T. Hou, A.H. Lin, Y.J. Lin,
Eosinophilia in very low birth weight neonates, Pediatr. Neonatal. 51
(2010) 116–123.

36] N. Evennett, N. Alexander, M. Petrov, A. Pierro, S. Eaton, A systematic
review of serologic tests in the diagnosis of necrotizing enterocolitis,
J. Pediatr. Surg. 44 (11) (2009) 2191–2201.

37] D.A. Clark, S. Roy, B. Sadowitz, G. Nieman, A complete piglet model
of neonatal necrotizing enterocolitis pediatric academic societies, in:
Abstract 4529.483 Presented Poster Session, May, 2012.

38] C.L. Ohland, W.K. Macnaughton, Probiotic bacteria and intestinal
epithelial barrier function, Am. J. Physiol. Gastrointest. Liver Physiol.
298 (2010) G807–G819.

39] K. Ganguli, W.A. Walker, Probiotics in the prevention of necrotizing

enterocolitis, J. Clin. Gastroenterol. 45 (Suppl S) (2011) 133–138.

40] K. Alfaleh, J. Anabrees, D. Bassler, Probiotics reduce the risk of necro-
tizing enterocolitis in preterm infants: a meta-analysis, Neonatology 97
(2010) 93–99.

http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0070
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0075
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0080
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0085
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0090
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0095
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0100
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0105
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0110
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0115
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0120
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0125
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0130
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0135
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0140
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0145
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0150
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0155
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0160
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0165
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0170
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0175
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0180
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0185
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0190
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0195
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200
http://refhub.elsevier.com/S0928-4680(13)00071-0/sbref0200

	Feeding associated neonatal necrotizing enterocolitis (Primary NEC) is an inflammatory bowel disease
	1 What is known about NEC
	2 Proposed pathogenesis of Primary NEC
	References


