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Abstract The immune system is a key element in the organism’s defence system and partic-
ipates in the maintenance of homeostasis. There is growing interest in the aetiopathogenic
and prognostic implications of the immune system in mental disorders, as previous studies sug-
gest the existence of a dysregulation of the immune response and a pro-inflammatory state in
patients with mental disorders, as well as an increased prevalence of neuropsychiatric symp-
toms in patients suffering from autoimmune diseases or receiving immune treatments. This
study aims to conduct a narrative review of the scientific literature on the role of psychoneu-
roimmunology in mental disorders, with special focus on diagnostic, prognostic and therapeutic
issues. The development of this body of knowledge may bring in the future important advances
in the vulnerability, aetiopathogenic mechanisms, diagnosis and treatment of some mental
disorders.

© 2017 SEP y SEPB. Published by Elsevier Espana, S.L.U. All rights reserved.

Psiconeuroinmunologia de los trastornos mentales

Resumen El sistema inmunitario es una pieza fundamental en la defensa del organismo y
participa en el mantenimiento de la homeostasis. Existe un interés creciente en las implica-
ciones etiopatogénicas y pronosticas del sistema inmunitario en los trastornos mentales, avalado
por estudios previos que sugieren la existencia de una disregulacion de la respuesta inmune
y un estado proinflamatorio en pacientes con una enfermedad mental, asi como la elevada
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prevalencia de sintomas neuropsiquiatricos en pacientes con enfermedades autoinmunes o que
reciben tratamientos inmunolégicos. En el presente trabajo se realiza una revision narrativa
de la literatura cientifica sobre el papel de la psiconeuroinmunologia en los trastornos men-
tales, especialmente en aspectos diagnosticos, prondsticos y terapéuticos. El desarrollo de este
cuerpo de conocimiento puede aportar en el futuro importantes avances en la vulnerabilidad,
mecanismos etiopatogénicos, diagnostico y tratamiento de algunos trastornos psiquiatricos.

© 2017 SEP y SEPB. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

Introduction

The first studies of mind-body interaction date from the
first half of the 20th century, when the physiologist Wal-
ter Cannon coined the term homeostasis in his work ‘‘The
wisdom of the body’’." He described the physiological mech-
anisms that intervene in a physical-chemical balance that
is essential, and proved that the emotional state of an
animal (anxiety, stress or anger) may be accompanied by
the stoppage of stomach movements. On the other hand,
Hans Selye developed the concept of the general adaptation
syndrome, a set of psychophysiological changes which rats
suffered when exposed to different harmful agents in the
laboratory? as a reaction of the organism to new conditions,
and which years later he termed ‘stress’’.> In 1975, with the
works of the psychologist Robert Ader and the immunologist
Nicholas Cohen the term ‘‘psychoneuroimmunology’’ was
coined, based on studies which showed that an adverse sig-
nal channelled through the nervous system led to reactions
in the immune system. Due to the fact that immunological
factors are often associated with endocrinological factors,
sometimes the term ‘‘psychoneuroendocrinoimmunology’’
is used. This field of scientific interest would be dedicated
to the study of hormonal and immunological aspects of
mental disorders. These would include the psychiatric man-
ifestations of hormonal or immunological diseases and those
associated with hormonal or immunological treatments.

Notable progress has been made in recent decades in
the field of psychoneuroimmunology. Therefore, if PubMed
is searched for immunological aspects of mental disorders
using the search strategy (immune OR inflammat*) AND (psy-
chiatry OR mental disorder OR schizophrenia OR depression
OR bipolar), then a total of 36,127 publications until 2016
are obtained, with an exponential increase in the last two
decades (Fig. 1). Progress in this field of knowledge in con-
nection with mental disorders runs from aetiopathological
aspects to therapeutic ones. One advance involved the dis-
covery of autoimmune markers that have helped in the
diagnosis of some encephalitis symptoms that until recently
lacked an exact diagnosis. On the other hand, it has been
suggested that anti-inflammatory agents be used in the ther-
apeutic approach for several mental disorders associated
with conventional psychopharmacological treatments and
psychotherapies.

This paper presents a narrative review of relevant aspects
of the immune system in the pathogenesis, clinical expres-
sion and treatment opportunities of mental disorders. It also

covers aspects in connection with the hormones that are
involved in the response to stress, due to their important
connection with the inflammatory system and their associa-
tion with severe mental disorders, as well as some specific
stress-related disorders. To undertake this review a search
of papers was conducted using PubMed with a time limit
commencing in the year 2000. It also occasionally includes
earlier classical references and seminal works cited in recent
papers or reviews of the same subject.

The immune system
General considerations

The immune system comprises those structures and biologi-
cal process which defend the organism against aggressions.
These may be external (such as pathogenic microorgan-
isms) or internal (such as cancer cells), and the aim
is to re-establish homeostasis (for a general review see
Delves and Roitt, 2000°). The immune system can be
classified as ‘‘innate’’ (non-specific) and ‘‘acquired’’ (spe-
cific).

The innate system is the first line of defence of the organ-
ism. It includes physical barriers such as the skin and mucus
membranes, together with other elements such as phago-
cytes, including macrophages (which in brain tissue form the
microglia) and granulocytes (neutrophils). Acquired immu-
nity is more sophisticated and has delayed action onset.
It consists of the recognition and destruction of antigens.
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Figure 1  Number of publications per year in psychoneuroim-
munology from 1960 to 2016.
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Table 1 The function of the main cytokines (i): interleukins.
Cytokine Main sources Target cell Main function
Interleukins IL-1 Macrophages, B B cells, NK Pyrogenic, pro-inflammatory,
cells, dendritic cells, T cells proliferation and
cells differentiation, bone marrow
proliferation cells
IL-2 T cells Activated T and Proliferation and activation
B cells, NK cells
IL-3 T cells, NK cells Stem cells Proliferation and
differentiation of
haematopoietic precursors
IL-4 T cells B and T cells, Proliferation of cytotoxic B and
macrophages T cells, increasing the
expression of class [l MHC,
stimulating the production of
IgG and IgE
IL-5 T cells Eosinophils, B Proliferation and maturation,
cells stimulating the production of
IgA and IgM
IL-6 T cells, Activated B Differentiation in plasmatic
macrophages, cells, plasmatic cells, production of IgG
fibroblasts cells
IL-7 Bone marrow Stem cells B and T cells growth factor
stromal cells,
epithelial cells
IL-8 Macrophages Neutrophils Chemotaxis, pro-inflammatory
IL-9 T cell T cell Growth and proliferation
IL-10 T cell B cells, Inhibits the production of
macrophages cytokines and the function of
mononuclear cells,
anti-inflammatory
IL-11 Bone marrow B cells Inhibits the production of
stromal cells cytokines and the function of
mononuclear cells,
anti-differentiation, induces
acute phase proteins
IL-12 T cells NK cells Activates NK cells

Ig: immunoglobulin; IL: interleukin; MHC: main histocompatibility complex; NK: natural killer; Th: T cell helper.

This involves the development of an ‘‘immune memory’’
and for this it has lymphocytes as basic units. This immunity
includes, in turn, humoral immunity (antibodies produced
by B lymphocytes and the complement system), and cellu-
lar immunity (mediated by T lymphocytes that are divided
into other sub-populations such as cytotoxic T cells [CD8]
and cooperative T cells [CD4]). The natural killer lympho-
cytes are considered to be a third lymphocyte population
that, although they are differentiated from T lymphocytes
after a common ancestor, they do not mature in the thymus
and are components of innate immunity.

The acute phase inflammatory response is the first reac-
tion of the organism to aggression, attacking pathogens
with phagocytes and presenting antigens to T lymphocytes.
Depending on the nature of the aggression the immune
system will react by activating certain routes or others,
and modulating the interaction of the different agents
within the system, balancing elements that cause or inhibit
inflammation (Tables 1 and 2, adapted from Turner et al.,
2014°).

Communication between the immune system and
the nervous system

Communication between the different components of the
immune system takes place by intercellular contact and
the fundamental role of the cytokines, signalling pro-
teins that act in cascade. The bidirectional communication
routes between the immune system and the central ner-
vous system include vagal innervation, the lymphatic
system and its interaction with other neurohormonal axes,
such as the hypothalamus-pituitary-adrenal (HPA) axis
(Fig. 2).

The response of the cytokines may therefore be classi-
fied as pro-inflammatory (when the microglia promotes a
type of inflammation that may be harmful for tissues, tar-
geted against intracellular antigens) or anti-inflammatory
(when the astroglia regulates humoral immunity target-
ing extracellular antigens).” The neuronal brain cells and
the non-neuronal brain cells express receptors for these
mediators® (Tables 1 and 2).
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Table 2 The functions of the main cytokines (i1): tumoral necrosis factors, interferons and other factors.

Cytokine Main sources Target cell Main function
Tumoral necrosis factors TNF-a Macrophages Macrophages Activation of phagocytic cells,
endotoxic shock
Monocytes Tumoral cells Tumoral cytotoxicity, cachexia
TNF-B T cells Phagocytes, Quimotaxis, phagocytosis,
tumoral cells oncostatic, induces other
cytokines
Interferons IFN-a Leucocytes Various Antiviral
IFN-B8 Fibroblasts Various Antiviral, anti-proliferative
IFN-vy T cells Various Antiviral, macrophage
activation, increasing
neutrophil and monocyte
functioning, the expression of
MHC-1 and 11 in cells
Colony stimulating factors G-CSF Fibroblasts, Stem cells in Granulocyte production
endothelium bone marrow
GM-CSF T cells, Stem cells Granulocytes, monocytes,
macrophages, eosinophil production
fibroblasts
M-CSF Fibroblasts, Stem cells Monocyte production and
endothelium activation
Erythropoietin  Endothelium Stem cells Red cells production
Others TGF-B T cells and B Activated T and Inhibits the proliferation of T
cells B cells and B cells, inhibits

haematopoiesis, facilitates
wound healing

G-CSF: granulocyte colony stimulating factor; GM-CSF: granulocyte and macrophage colony stimulating factor; IFN-a: interferon o; IFN-
B: interferon B; IFN-vy: interferon y; M-CSF: macrophage colony stimulating factor; MHC: main histocompatibility complex; TGF-@3:
transforming growth factor 3; TNF-a: tumoral necrosis factor «; TNF-B: tumoral necrosis factor 3.

The microglia does not only modulate neuronal function-
ing during inflammatory response, as it is also involved in
physiological phenomena of neuronal plasticity and prun-
ing during brain synaptic development. It therefore controls
the functional status of synapses, influencing neuroplastic
changes by remodelling extracellular spaces and eliminating
synaptic elements by phagocytosis. In response to harmful
stimuli the microglia undergoes a series of changes (quan-
titative, functional and morphological). These have been
identified in response to classical inflammatory stimuli such
as infections, as well as in response to situations involving
psychological stress.’

In spite of the immunological protection of the brain by
the blood-brain barrier, an increase in its permeability has
been described in patients with severe mental disorders.
This means that pro- or anti-inflammatory factors may enter
the periphery or escape from the brain into the system cir-
culation under certain neurophathological situations.'®

On the other hand, there is also the bidirectional neu-
rohumoral system known as the intestine-brain axis. The
intestinal microbiota consists of a bacterial community that
largely resides in the small intestine, in symbiosis with the
host individual. Recent studies suggest that the microbiota
affect brain development and functioning, and that it may
be relevant in the physiopathology of some neuropsychiatric
disorders."" In fact, manipulation of the composition of the
intestinal microbiota has been observed to affect systemic
concentrations of cytokines in animal models as well as in
humans.'>"

Autoimmune diseases and psychiatric
symptoms

The involvement of immunological factors in psychiatric
disorders is based on different observations. On the one
hand, certain autoimmune diseases (such as systemic lupus
erythematosus [SLE], encephalitis caused by anti-NMDA anti-
bodies) have a high prevalence of psychiatric symptoms. On
the other hand, previous studies in which immune system
modulators were administered to animals or humans have
detected psychiatric symptoms. In animal models, inject-
ing pro-inflammatory cytokines (IL-1B and TNF-a) produces
behaviour similar to social isolation.? In humans, the admin-
istration of endotoxins induces anhedonia and deactivates
the ventral striatum nucleus, a region involved in the brain
response to reward.' Another recognised datum is that
treating hepatitis C with IFN-a often induces depressive
symptoms.'>

The relationship between certain autoimmune diseases
and psychiatric symptoms is described below.

Systemic lupus erythematosus (SLE)

Up to 75% of SLE patients have involvement of the brain,
and psychiatric symptoms typically appear in the first
years of the disease, including anxiety, depression and
psychosis. Although affective symptoms may have an adap-
tive component within the context of suffering a systemic
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Figure 2 Involvement of the hypothalamus-pituitary-adrenal axis (HPA) and the immune system in the neuroinflammatory
response. The HPA axis is activated in response to exposure to stressful physical and psychological stimuli by means of the secretion of
the corticotrophin-releasing hormone (CRH) by the hypothalamus. This hormone, in turn, stimulates the synthesis of corticotrophin
(ACTH) in the hypophysis, which stimulates the secretion of cortisol by the adrenal glands. Regulation of the secretion of cortisol
is subject to a negative feedback mechanism by means of which cortisol itself inhibits the synthesis of its precursors (CRH and
ACTH). Hypothalamus and hypophysis glucocorticoid receptors take part in this inhibition, as do glucocorticoid and mineralocor-
ticoid receptors present in the hippocampus. Regarding the relationship between the HPA axis and the peripheral inflammatory
response, although cortisol inhibits this by exerting an immunosupressor effect, there is inflammatory stimulation by other hor-
mones in the HPA axis such as the CRH. This relationship is bidirectional, as the activation of the peripheral inflammatory response
may stimulate the HPA axis. The products of this peripheral stimulation, in which macrophages and lymphocytes participate, may
cross the blood-brain barrier (BBB) and trigger a neuroinflammatory reaction by stimulating the microglia in M1 activated forms.
This activation of the microglia will generate an inflammatory cascade by releasing cytokines and reactive forms of nitrogen and
oxygen, inducing the activation of the astroglia, which in turn amplifies the inflammatory signals within the central nervous system.
Three is also excessive release of glutamate by the astrocytes as well as oxidative stress mediators by the activated microglia (asso-
ciated with the induction of the indolamine 2,3 dioxygenase [IDO] enzyme). These mechanisms negatively affect the production of
neurotrophic factors such as the brain derived neurotrophic factor (BDNF), and neurogenesis.

disease and the resulting limitations, in other cases there
are psychopathological manifestations associated with the
disease, coinciding with the increase in immunological activ-
ity parameters (ANA and anti-DNA antibodies). Psychosis
in association with lupus is considered to be a diagnos-
tic criterion for SLE. It is often associated with positive
antiribosomal P antibodies, although recent meta-analytical
studies suggest that this is not specific to psychosis, as
it is also associated with anxiety or depression.'” IF we
consider the cognitive involvement associated with SLE,
up to 80% of patients have slight to moderate cognitive
symptoms, while these are severe in 3-5%.'® The most
affected domains are attention, visual and verbal mem-
ory, executive functions and information processing speed.
Neuroimaging studies using structural brain resonance have
shown the existence of cortical atrophy, lesions in the
subcortical white matter and diffuse changes in the grey
matter.'®"?

Autoimmune encephalitis

Cases of autoimmune encephalitis are characterised by an
acute onset with epileptic crisis of the temporal lobe,
behavioural symptoms of psychiatric manifestations and
cognitive involvement. Antibodies against autoantigens have
been implicated at a synaptic or intracellular level that
may or may not be associated with a paraneoplastic
origin.?% These antibodies may be directed against NMDA
receptor subunits, voltage-dependent potassium channels,
complexes and contact associated with 2 (CASPR2) protein,
GluR1 and GluR2 subunits of the 3-hydroxi-5-methyl-l-
4-isoxazolepropionic amino acid receptor (AMPAR) and
B1 subunits of the B receptors of -y-aminobutyric acid
(GABAgR).”

Psychiatric manifestations may precede neurological
symptoms or even dominate symptoms in the early stages.
They include affective symptoms, schizophreniform disorder
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or even catatoniform symptoms.?' Thus up to two-thirds of
patients with autoimmune encephalitis due to anti-NMDAR
antibodies consult initially in mental health departments.

Paediatric autoimmune neuropsychiatric disorders
associated with streptococci (PANDAS)

Paediatric autoimmune neuropsychiatric disorders asso-
ciated with streptococci (PANDAS) is a rare paediatric
syndrome described in children who, after suffering
an infection by group A B-haemolytic streptococcus,
go on to develop tics, involuntary movements and
obsessive-compulsive symptoms.?? The onset as well as
exacerbations of obsessive-compulsive symptoms have been
described following infections of this type. The existence
of a crossed reactivity is suggested between antistrepto-
coccus antibodies and proteins (autoantigens) of the basal
brain ganglia. These include certain enzymes (aldolases and
enolases) which are involved in neurotransmission, neu-
ronal metabolism and cellular signalling, with a structure
similar to that of streptococcus proteins. Being seropos-
itive for antibodies against the basal ganglia in patients
with obsessive-compulsive disorder (OCD) has been asso-
ciated with high level of glycin in the cerebrospinal fluid,
suggesting that these contribute to the increase in glu-
tamatergic tone that has been described in patients with
OCD.” The improvement in obsessive-compulsive symptoms
with immunological therapies supports the role of these
antibodies in the pathogenesis of OCD, or at least in a
subgroup of patients who associate the symptoms with
PANDAS.??

The immune system and primary psychiatric
disorders

Clinical evidence and laboratory data shows that alterations
in cellular and humoral immunity are more prevalent in
patients with mental disorders than they are in healthy indi-
viduals.

Stress and allostatic load

Stress may be defined as a threat for the psychological
or physiological integrity of an individual. When stress is
acute catecholamine and cortisol are liberated from the
spine and suprarenal cortex, respectively. This physiologi-
cal response plays a protective short-term role, although if
stress is maintained chronically or in case of hormonal secre-
tion dysregulation it may be prejudicial for the organism.*
This is the aspect covered by the allostatic load model.
The organism tends to seek a balance between regulatory
physiological systems (homeostasis) by means of adapta-
tion responses (allostasis) that involve the sympathetic
nervous and neuroendocrine systems, especially the HPA
axis.?> When there is chronic stress and the allostatic load
surpasses a limit, chronic dysregulation of the allostasis
mediators occurs together with a maladaptive response
that has been associated with different medical conditions
including mental disorders (unipolar depression,? bipolar
disorder?” and schizophrenia?®), neurodegenerative diseases

(cognitive deterioration?’) or endocrine-metabolic disorders
(obesity and metabolic syndrome.)*°

Different factors play a role in the response to stress
and the capacity to tolerate allostatic load. These factors
include personal experiences, genetics and behaviour. When
the brain perceives an experience as stressful, physiologi-
cal and behavioural responses are triggered, including the
participation of the immune system, which commence the
process of allostasis and adaptation. The accumulation of
allostasis, over-exposure to cellular stress, endocrinological
and immunological mediators, will lead to the development
of diseases. Allostatic load has been associated with differ-
ent mental conditions. These include burn-out or chronic
fatigue syndrome, as well as parameters associated with
ageing such as cardiovascular risk, cognitive deterioration
and mortality in elderly populations.?’

Inflammation in depression

Depressive disorders, as well as their psychological symp-
toms, also have constellations of somatic or vegetative
symptoms in their clinical expression which recall the non-
specific symptoms of physical systemic diseases. These
include asthenia, anergia, non-specific pain, appetite alter-
ations, sleep anomalies and memory deficits. Additionally,
major depression with melancholic symptoms or bipo-
lar depressions have an episodic and recurrent course
with periods of remission which recall the course of
several autoimmune diseases. The administration of exoge-
nous cytokines such as IFN-a may induce depressive
symptoms, 3" supporting the link between the immune sys-
tem and depression.

In recent decades alterations have been described in
the activation of the inflammatory response at several
levels in patients with depression. This involves a reduc-
tion in B, T, helper T and suppressor lymphocytes,* a fall
in the activity of natural killer cells,** and a fall in the
proliferative response to non-specific mytogens. There is
also an increase in neutrophils, in IL-6,3? IL-1,3* TNF-a,*
C-reactive protein®** and the activation of inflammatory cas-
cade nuclear signalling factors.>® On the other hand, the
levels of these factors have been correlated with the sever-
ity of depression®”3 and its response to treatment.

Alterations in oxidative stress have also been described. >’
There is a double interaction between this and inflamma-
tion: oxidative molecules activate inflammatory mediators,
while activation of the microglia produces oxidative stress
metabolites. Under normal conditions the microglia controls
the start and finish of the neuroinflammatory process, lead-
ing to its self-limitation. However, under exposure to stress
hyperactivation of the microglia may occur, leading to an
excess of inflammation that may cause neurotoxicity.“° Cog-
nitive symptoms are considered to be a core dimension of
major depression, and it may even persist after the remis-
sion of affective symptoms. It has been suggested that the
cognitive symptoms of depression may arise due to the com-
plex interaction of neuroinflammatory and neurohormonal
factors associated with the HPA axis.>#!42

Given the above considerations, the neuroinflammatory
hypotheses for depression,* together with the alterations
in the neurohormonal and metabolic responses describes
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in these patients, supports the involvement of an alter-
ation in the physiological mechanisms which respond to
stress and several biological hazards in the aetiopathogen-
esis of depressive disorders. A subtype depressive disorder
has even been described that is associated with cytokines,
denominated inflammatory cytokine-associated depression
(ICAD).*

Inflammation in schizophrenia

A pro-inflammatory state has been proven to exist with
an increase in the levels of the said cytokines in patients
with schizophrenia when compared to healthy controls.*
Although the levels of inflammatory factors are relatively
low in comparison with other inflammatory diseases, this
state of low grade activation of inflammation has been
implicated in a poorer prognosis for schizophrenia in con-
nection with positive psychotic symptoms“ and negative
ones,*** together with cognitive involvement* and loss of
brain volume.*’ The association between inflammatory fac-
tors and poorer cognitive performance in the first psychotic
episodes®® underlines the importance of inflammation in the
worse prognosis of psychotic disorders in the early stages
of the disease. High levels of pro-inflammatory cytokines®
have also been described in psychotic relapses, with a reduc-
tion in the levels of different pro-inflammatory cytokines®
after antipsychotic treatment and improved symptoms, as
well as increases in some cytokines such as IL-6, even before
the development of a psychosis in high-risk populations.>'>2

As is the case in other disorders, it has been suggested
that the harmful effects of inflammation in schizophrenia
are caused by the participation of oxidative stress. Studies
performed in recent years have shown abnormal oxidative
stress metabolite levels in peripheral tissue®>* as well as
in nerve tissue.> > Synergies exist between inflammation,
excitotoxicity mechanisms, mitochondrial dysfunction and
abnormal protein aggregation to induce neurodegeneration.
The activation or increase in the density of the microglia
may involve the synthesis of prostaglandins, cytokines and
reactive types of oxygen, causing cellular death.?” The role
of the HPA axis in maintaining the secretion of cortisol
has to be added to these effects, as this may contribute
to brain neurotoxicity. In fact, an association has been
described between high levels of cortisol and the reduc-
tion in the volume of certain regions of the brain such as
the hippocampus.”® The latter region is highly important
in cognitive processes and especially in the working mem-
ory, which is clearly affected in schizophrenia patients. This
reduction has been linked to poorer social functioning® and
longer duration of the disease.°

One question in studies of patients with schizophrenia
and the first psychotic episodes is whether inflammatory
factors and oxidative stress markers may be considered to
be state or characteristic markers. In terms of inflamma-
tion it has been suggested that some cytokines behave like
state markers (IL-1B, IL-6 or TGF-B), given that they increase
during acute imbalances and normalise with antipsychotic
treatment.* Other cytokines, on the other hand, may be
considered to be characteristic markers (IL-12, IFN-v, TNF-
a, and slL-2R), given that they increase in acute episodes
and that this increase persists after starting antipsychotic

treatment.* Something similar occurs with oxidative stress
markers, as some are considered to be state markers (total
antioxidant state, catalase activity in red blood cells and
plasmatic nitrite) while others are state markers (superoxide
dismutase activity in red blood cells).>*

Although more studies have been performed to date in
schizophrenia patients than is the case for affective dis-
orders, such as major depression or bipolar disorder, the
scientific evidence suggests that the role of inflammation
also plays a role in the pathogenesis of these diseases. For
example, in a recent meta-analysis of studies that have
analysed different cytokines in cerebrospinal fluid,®' the
size of the effect for the increase of several cytokines (IL-
1B, IL-6, and IL-8) was similar between diagnoses, and this
was detected in patients with depression as well as those
with schizophrenia. These three cytokines are modulated
through the nuclear-kappa B (NF-kB signalling factor, which
is commonly activated in inflammatory and autoimmune
processes. This suggests that there may be common patho-
logical routes in different primary psychiatric disorders.

Inflammation in other neuropsychiatric disorders

Bipolar disorder has been associated with a clinical profile
of a pro-inflammatory state, including greater severity of
mania,® depressive® and cognitive® %> symptoms, a history
of attempted suicide and longer duration of the disease.®
Studies of cohorts undertaken in populations of children
have shown that some cytokines such as IL-6° are predictors
of hypomania at an adult age. Other studies have compared
levels of inflammatory factors in patients with bipolar disor-
der and unipolar depression. They detected higher levels in
the former, which suggests the existence of greater inflam-
matory dysregulation in this disorder.%®

In posttraumatic stress disorder (PTSD) the existence
of a pro-inflammatory state has been described that has
been replicated in different cohorts of war veterans.® A
meta-analysis of 20 studies which examined the relationship
between inflammatory factors and the diagnosis of PTSD in
comparison with healthy controls showed an increase in the
levels of IL-6, IL-1B and IFN-y in PTSD.”® Levels of IL-1B were
associated with the duration of the disorder, and those of
IL-6 were associated with the severity of symptoms.

High levels of cytokines have also been described in other
anxiety disorders. These include generalised anxiety disor-
der, panic disorder, phobias or OCD, suggesting that findings
are not specific to individual disorders.”"7? It is therefore
proposed that activation of the response to stress induce
the secretion of cytokines at peripheral and central levels,
as well as the existence of an increased sympathetic tone
and lower parasympathetic activity. This would contribute
to increasing the degree of inflammation even further, lead-
ing to negative effect in critical regions of the brain for the
regulation of fear and anxiety, such as the prefrontal cortex,
the insular cortex, the amygdala and the hippocampus.

Increased levels of pro-inflammatory cytokines and
oxidative stress markers have also been described in patients
with eating behavioural disorders.”> A meta-analysis of
anorexia nerviosa’ studies suggests that there is an increase
in levels of TNF-a, IL-6, IL-1B3, and TNF-R-il together with a
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fall in the levels of C-reactive protein and IL-6R in compar-
ison with healthy controls.

Diagnostic and therapeutic implications

In an attempt to improve diagnostic power, the fifth edition
of the Diagnostic and Statistical Manual of Mental Disor-
ders of the American Psychiatric Association (DSM-v) initially
considered including biomarkers together with clinical diag-
nostic criteria. However, this option was finally rejected and
the DSM-v, like previous editions, is based solely on clinical
criteria. Some authors’® stated that the initial expectations
respecting the practical utility of biomarkers in psychiatry
were hardly realistic, due to their low capacity to discrim-
inate between defining signs and symptoms. The majority
of laboratory tests are probabilistic disease markers rather
than pathognomic ones. Therefore, although it is probable
that in the future the use of biomarkers makes it possible to
define subgroups or stages within diagnostic categories,’® no
inflammatory parameter currently has sufficient sensitivity
and specificity to be diagnostically useful in psychiatry.

Moreover, the control of distortions in research into
inflammatory markers must be exhaustive and must consider
numerous variables which may affect the characterisation
of the immune function beyond study variables. These
variables include the variability of laboratory techniques,
the circadian rhythm of inflammatory parameters, the
influence of modulating factors or physiological regulators
of the marker studied, sleep quality, sex, age, weight,
substance consumption and exposure to pharmacological
agents, among others.

Another subject under discussion is the suggestion that
anti-inflammatory drugs be used to treat mental disorders.
Several meta-analyses analyse the benefit of using several
anti-inflammatory drugs in unipolar depression,’”’” bipolar
disorder® and psychosis’® with favourable results. Never-
theless, there are important methodological distortions, the
studies are highly heterogeneous with small samples, so that
taken as a whole this hinders attributing benefits specifically
to anti-inflammatory properties.

Nowadays prudence is still required when recommending
the use of anti-inflammatory treatment for severe mental
disorders, as the therapeutic implications are still a field
that is open to research.

Conclusions

The immune system is a fundamental part of the defence of
an organism and it participates in maintaining homeosta-
sis. Interaction between the endocrinological system and
the autonomous nervous system would partially explain the
reciprocal impact of the immune system in psychological
functions and behaviour, as well as the impact of psycholog-
ical stress on immune response.

Several alterations of the immune system have been
linked to the presence of mental disorders, most especially
dysregulation of the inflammatory response of the organ-
ism with the predominance of a pro-inflammatory state.
Exposure to chronically stressful situations may lead to
maladaptative responses by different hormonal, inflamma-
tory and cardiovascular mediators which would be involved

in the pathogenesis of different metabolic and neuropsy-
chiatric disorders. On the other hand, there is a strong
association between autoimmune diseases and psychiatric
symptoms, including obsessive-compulsive, depressive or
psychotic symptoms.

In the coming years the development of this body of
knowledge may lead to important advances in the identi-
fication of risk populations, aetiopathological mechanisms
and the diagnosis and treatment of certain psychiatric
disorders. Nevertheless, to date no agreement has been
reached on the use of immune system biomarkers that could
make it possible to use them in diagnosis or to recommend
immunomodulator treatments for primary mental disorders
in everyday clinical practice.

Conflict of interests

The authors have no conflict of interests to declare.

Acknowledgements

This work was supported by the Ministry of Economy, Indus-
try and Competitiveness through the Carlos iiHealth Institute
(P115/00662 and PI115/01386), the European Regional Devel-
opment Fund (FEDER) ‘A way of making Europe’’ and the
Mental Health Centre for Networked Biomedical Research
(CIBERSAM).

References

1. Cannon WB. The wisdom of the body. Am J Med Sci.
1932;184:864.

2. Selye H. A syndrome produced by diverse nocuous agents. J
Neuropsychiatry Clin Neurosci. 1936;10:230-1.

3. Selye H. The stress of life. Am Heart J. 1963;66:721,
http://dx.doi.org/10.1016/0002-8703(63)90335-1.

4. Ader R, Cohen N. Behaviorally conditioned immunosuppression.
Psychosom Med. 1975;37:333-40.

5. Delves PJ, Roitt IM. The immune system. First of two parts. N
Engl J Med. 2000;343:37-49.

6. Turner MD, Nedjai B, Hurst T, Pennington DJ. Cytokines
and chemokines: at the crossroads of cell signalling and
inflammatory disease. Biochim Biophys Acta Mol Cell Res.
2014;1843:2563-82.

7. Najjar S, Pearlman DM, Alper K, Najjar A, Devinsky O. Neu-
roinflammation and psychiatric illness. J Neuroinflammation.
2013;10:1-24.

8. Dantzer R, O’Connor JC, Freund GG, Johnson RW, Kelley
KW. From inflammation to sickness and depression: when
the immune system subjugates the brain. Nat Rev Neurosci.
2008;9:46-56.

9. Walker FR, Nilsson M, Jones K. Acute and chronic stress-induced
disturbances of microglial plasticity phenotype and function.
Curr Drug Targets. 2013;14:1262-76.

10. Leza JC, Bueno B, Bioque M, Arango C, Parellada M, Do K, et al.
Inflammation in schizophrenia: a question of balance. Neurosci
Biobehav Rev. 2015;55:612-26.

11. Rieder R, Wisniewski PJ, Alderman BL, Campbell SC. Microbes
and mental health: a review. Brain Behav Immun. 2017,
http://dx.doi.org/10.1016/j.bbi.2017.01.016.

12. Desbonnet L, Garrett L, Clarke G, Kiely B, Cryan JF, Dinan
TG. Effects of the probiotic Bifidobacterium infantis in



http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0395
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0395
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0395
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0395
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0395
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0395
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0395
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0395
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0395
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0395
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0395
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0395
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0395
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0400
dx.doi.org/10.1016/0002-8703(63)90335-1
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0410
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0410
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0410
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0410
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0410
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0410
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0410
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0410
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0410
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0410
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0410
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0410
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0410
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0410
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0415
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0420
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0425
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0430
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0435
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0440
dx.doi.org/10.1016/j.bbi.2017.01.016
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450

Psychoneuroimmunology of mental disorders

123

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Hoyo-Becerra C, Schlaak JF, Hermann DM.

the maternal separation model of depression. Neuroscience.
2010;170:1179-88.

. O’Mahony L, Mccarthy J, Kelly P, Hurley G, Luo F, Chen K, et al.

Lactobacillus and Bifidobacterium in irritable bowel syndrome:
symptom responses and relationship to cytokine profiles. Gas-
troenterology. 2005;128:541-51.

. Eisenberger NI, Berkman ET, Inagaki TK, Rameson LT, Mashal

NM, Irwin MR. Inflammation-induced anhedonia: endotoxin
reduces ventral striatum responses to reward. Biol Psychiatry.
2010;68:748-54.

Insights from
interferon-a-related depression for the pathogenesis of depres-
sion associated with inflammation. Brain Behav Immun.
2014;42:222-31.

. Jeltsch-David H, Muller S. Neuropsychiatric systemic lupus ery-

thematosus: pathogenesis and biomarkers. Nat Rev Neurol.
2014;10:579-96.

. Karassa FB, Afeltra A, Ambrozic A, Chang DM, de Keyser F,

Doria A, et al. Accuracy of anti-ribosomal P protein antibody
testing for the diagnosis of neuropsychiatric systemic lupus ery-
thematosus: an international meta-analysis. Arthritis Rheum.
2006;54:312-24.

. Appenzeller S, Pike GB, Clarke AE. Magnetic resonance imag-

ing in the evaluation of central nervous system manifestations
in systemic lupus erythematosus. Clin Rev Allergy Immunol.
2008;34:361-6.

. Al-Obaidi M, Saunders D, Brown S, Ramsden L, Martin N,

Moraitis E, et al. Evaluation of magnetic resonance imaging
abnormalities in juvenile onset neuropsychiatric systemic lupus
erythematosus. Clin Rheumatol. 2016;35:2449-56.

Graus F, Saiz A, Dalmau J. Antibodies and neuronal autoimmune
disorders of the CNS. J Neurol. 2010;257:509-17.

Brenton JN, Goodkin HP. Antibody-mediated autoimmune
encephalitis in childhood. Pediatr Neurol. 2016;60:13-23.
Swedo SE, Seidlitz J, Kovacevic M, Latimer ME, Hommer R,
Lougee L, et al. Clinical presentation of pediatric autoim-
mune neuropsychiatric disorders associated with streptococcal
infections in research and community settings. J Child Adolesc
Psychopharmacol. 2015;25:26-30.

Perlmutter S, Leitman S, Garvey M, Hamburger S, Feldman E,
Leonard H, et al. Therapeutic plasma exchange and intravenous
immunoglobulin for obsessive-compulsive disorder and tic dis-
orders in childhood. Lancet. 1999;354:1153-8.

McEwen BS. Stress, adaptation, and disease. Allostasis and allo-
static load. Ann N Y Acad Sci. 1998;840:33-44.

McEwen BS. Protective and damaging effects of stress medi-
ators: central role of the brain. Dialogues Clin Neurosci.
2006;8:367-81.

McEwen BS. Mood disorders and allostatic load. Biol Psychiatry.
2003;54:200-7.

Kapczinski F, Vieta E, Andreazza AC, Frey BN, Gomes FA, Tra-
montina J, et al. Allostatic load in bipolar disorder: implications
for pathophysiology and treatment. Neurosci Biobehav Rev.
2008;32:675-92.

Nugent KL, Chiappelli J, Rowland LM, Hong LE. Cumulative
stress pathophysiology in schizophrenia as indexed by allostatic
load. Psychoneuroendocrinology. 2015;60:120-9.

Seeman TE, McEwen BS, Rowe JW, Singer BH. Allostatic load
as a marker of cumulative biological risk: MacArthur stud-
ies of successful aging. Proc Natl Acad Sci U S A. 2001;98:
4770-5.

Virtue S, Vidal-Puig A. Adipose tissue expandability, lipotoxi-
city and the metabolic syndrome - an allostatic perspective.
Biochim Biophys Acta Mol Cell Biol Lipids. 2010;1801:338-49.
Udina M, Moreno-Espafa J, Capuron L, Navinés R, Farré M, Vieta
E, et al. Cytokine-induced depression: current status and novel
targets for depression therapy. CNS Neurol Disord Drug Targets.
2014;13:1066-74.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M.

42.

43.

45.

46.

47.

48.

49.

50.

51.

Zorrilla EP, Luborsky L, McKay JR, Rosenthal R, Houldin A, Tax A,
et al. The relationship of depression and stressors to immuno-
logical assays: a meta-analytic review. Brain Behav Immun.
2001;15:199-226.

Irwin MR, Miller AH. Depressive disorders and immunity:
20 years of progress and discovery. Brain Behav Immun.
2007;21:374-83.

Anisman H, Ravindran V, Griffiths J, Merali Z. Endocrine and
cytokine correlates of major depression and dysthymia with
typical or atypical features. Mol Psychiatry. 1999;4:182-8.
Howren MB, Lamkin DM, Suls J. Associations of depression with
C-reactive protein IL-1, and IL-6: a meta-analysis. Psychosom
Med. 2009;71:171-86.

Pace TWW, Mletzko TC, Alagbe O, Musselman DL, Nemeroff
CB, Miller AH, et al. Increased stress-induced inflammatory
responses in male patients with major depression and increased
early life stress. Am J Psychiatry. 2006;163:1630-3.

Lanquillon S, Krieg JC, Bening-Abu-Shach U, Vedder H. Cytokine
production and treatment response in major depressive disor-
der. Neuropsychopharmacology. 2000;22:370-9.

Maes M, Scharpé S, Meltzer HY, Bosmans E, Suy E, Calabrese J,
et al. Relationships between interleukin-6 activity, acute phase
proteins, and function of the hypothalamic-pituitary-adrenal
axis in severe depression. Psychiatry Res. 1993;49:11-27.
Michel TM, Plilschen D, Thome J. The role of oxidative stress in
depressive disorders. Curr Pharm Des. 2012;18:5890-9.

Nair A, Bonneau RH. Stress-induced elevation of glucocorticoids
increases microglia proliferation through NMDA receptor activa-
tion. J Neuroimmunol. 2006;171:72-85.

Salvat-Pujol N, Labad J, Urretavizcaya M, de Arriba-Arnau A,
Segalas C, Real E, et al. Hypothalamic-pituitary-adrenal axis
activity and cognition in major depression: the role of remission
status. Psychoneuroendocrinology. 2017;76:38-48.

Wolkowitz OM, Burke H, Epel ES, Reus VI. Glucocorti-
coids: mood, memory, and mechanisms. Ann N Y Acad Sci.
2009;1179:19-40.

Maes M. Evidence for an immune response in major depres-
sion: a review and hypothesis. Prog Neuropsychopharmacol Biol
Psychiatry. 1995;19:11-38.

. Lotrich FE. Inflammatory cytokine-associated depression. Brain

Res. 2015;1617:113-25.

Miller BJ, Buckley P, Seabolt W, Mellor A, Kirkpatrick B. Meta-
analysis of cytokine alterations in schizophrenia: clinical status
and antipsychotic effects. Biol Psychiatry. 2011;70:663-71.
Garcia-Alvarez L, Garcia-Portilla MP, Gonzalez-Blanco L, Saiz
Martinez PA, de la Fuente-Tomas L, Menendez-Miranda I, et al.
Biomarcadores sanguineos diferenciales de las dimensiones psi-
copatologicas de la esquizofrenia. Rev Psiquiatr Salud Ment
(Barc). 2016;9:219-27.

Garcia-Rizo C, Fernandez-Egea E, Oliveira C, Justicia
A, Bernardo M, Kirkpatrick B. Inflammatory markers in
antipsychotic-naive patients with nonaffective psychosis and
deficit vs. nondeficit features. Psychiatry Res. 2012;198:212-5.
Fineberg AM, Ellman LM. Inflammatory cytokines and neu-
rological and neurocognitive alterations in the course of
schizophrenia. Biol Psychiatry. 2013;73:951-66.

Mondelli V, Cattaneo A, Belvederi Murri M, di Forti M, Handley R,
Hepgul N, et al. Stress and inflammation reduce brain-derived
neurotrophic factor expression in first-episode psychosis: a
pathway to smaller hippocampal volume. J Clin Psychiatry.
2011;72:1677-84.

Cabrera B, Bioque M, Penadés R, Gonzalez-Pinto A, Parellada
M, Bobes J, et al. Cognition and psychopathology in first-
episode psychosis: are they related to inflammation? Psychol
Med. 2016;46:2133-44.

Stojanovic A, Martorell L, Montalvo I, Ortega L, Monseny R,
Vilella E, et al. Increased serum interleukin-6 levels in early
stages of psychosis: associations with at-risk mental states and


http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0450
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0455
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0460
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0465
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0470
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0475
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0480
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0485
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0490
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0495
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0500
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0505
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0510
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0515
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0520
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0520
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0520
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0520
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0520
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0520
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0520
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0520
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0520
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0520
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0520
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0520
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0520
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0520
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0520
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0525
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0530
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0535
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0540
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0545
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0550
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0555
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0560
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0565
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0570
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0575
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0580
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0585
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0590
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0595
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0600
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0605
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0610
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0610
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0610
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0610
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0610
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0610
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0610
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0610
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0610
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0610
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0610
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0610
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0610
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0615
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0620
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0625
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0630
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0635
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0640
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645

124

V. Soria et al.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

the severity of psychotic symptoms. Psychoneuroendocrinology.
2014;41:23-32.

Khandaker GM, Pearson RM, Zammit S, Lewis G, Jones PB.
Association of serum interleukin 6 and C-reactive protein in
childhood with depression and psychosis in young adult life.
JAMA Psychiatry. 2014;71:1121-8.

Fournier M, Ferrari C, Baumann PS, Polari A, Monin A,
Bellier-Teichmann T, et al. Impaired metabolic reactivity to
oxidative stress in early psychosis patients. Schizophr Bull.
2014;40:973-83.

Flatow J, Buckley P, Miller BJ. Meta-analysis of oxidative stress
in schizophrenia. Biol Psychiatry. 2013;74:400-9.

Yao JK, Leonard S, Reddy RD. Increased nitric oxide radicals in
postmortem brain from patients with schizophrenia. Schizophr
Bull. 2004;30:923-34.

Yao JK, Keshavan MS. Antioxidants, redox signaling, and patho-
physiology in schizophrenia: an integrative view. Antioxid Redox
Signal. 2011;15:2011-35.

Monji A, Kato TA, Mizoguchi Y, Horikawa H, Seki Y, Kasai M, et al.
Neuroinflammation in schizophrenia especially focused on the
role of microglia. Prog Neuropsychopharmacol Biol Psychiatry.
2013;42:115-21.

Mondelli V, Pariante CM, Navari S, Aas M, d’Albenzio A, di Forti
M, et al. Higher cortisol levels are associated with smaller left
hippocampal volume in first-episode psychosis. Schizophr Res.
2010;119:75-8.

Torgalsbgen AK, Mohn C, Rishovd Rund B. Neurocognitive predic-
tors of remission of symptoms and social and role functioning in
the early course of first-episode schizophrenia. Psychiatry Res.
2014;216:1-5.

Adriano F, Caltagirone C, Spalletta G. Hippocampal volume
reduction in first-episode and chronic schizophrenia: a review
and meta-analysis. Neuroscientist. 2012;18:180-200.

Wang AK, Miller BJ. Meta-analysis of cerebrospinal fluid
cytokine and tryptophan catabolite alterations in psychiatric
patients: comparisons between schizophrenia bipolar disor-
der, and depression. Schizophr Bull. 2017, http://dx.doi.org/
10.1093/schbul/sbx035.

Dickerson F, Stallings C, Origoni A, Boronow J, Yolken R. Ele-
vated serum levels of C-reactive protein are associated with
mania symptoms in outpatients with bipolar disorder. Prog Neu-
ropsychopharmacol Biol Psychiatry. 2007;31:952-5.

Miklowitz DJ, Portnoff LC, Armstrong CC, Keenan-Miller
D, Breen EC, Muscatell KA, et al. Inflammatory cytokines
and nuclear factor-kappa B activation in adolescents with
bipolar and major depressive disorders. Psychiatry Res.
2016;241:315-22.

Rosenblat JD, Kakar R, Berk M, Kessing LV, Vinberg M, Baune
BT, et al. Anti-inflammatory agents in the treatment of bipo-
lar depression: a systematic review and meta-analysis. Bipolar
Disord. 2016;18:89-101.

Dickerson F, Stallings C, Origoni A, Vaughan C, Khusha-
lani S, Yolken R. Elevated C-reactive protein and cognitive

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

deficits in individuals with bipolar disorder. J Affect Disord.
2013;150:456-9.

Goldstein BI, Lotrich F, Axelson DA, Gill MK, Hower H, Gold-
stein TR, et al. Inflammatory markers among adolescents and
young adults with bipolar spectrum disorders. J Clin Psychiatry.
2015;76:1556-63.

Hayes JF, Khandaker GM, Anderson J, Mackay D, Zammit S,
Lewis G, et al. Childhood interleukin-6 C-reactive protein and
atopic disorders as risk factors for hypomanic symptoms in
young adulthood: a longitudinal birth cohort study. Psychol Med.
2017;47:23-33.

Bai Y-M, Su T-P, Li C-T, Tsai S-J, Chen M-H, Tu P-C, et al. Compar-
ison of pro-inflammatory cytokines among patients with bipolar
disorder and unipolar depression and normal controls. Bipolar
Disord. 2015;17:269-77.

Lindqvist D, Wolkowitz OM, Mellon S, Yehuda R, Flory JD, Henn-
Haase C, et al. Proinflammatory milieu in combat-related PTSD
is independent of depression and early life stress. Brain Behav
Immun. 2014;42:81-8.

Passos IC, Vasconcelos-Moreno MP, Costa LG, Kunz M, Brietzke
E, Quevedo J, et al. Inflammatory markers in post-traumatic
stress disorder: a systematic review, meta-analysis, and meta-
regression. Lancet Psychiatry. 2015;2:1002-12.

Michopoulos V, Powers A, Gillespie CF, Ressler KJ, Jovanovic T.
Inflammation in fear- and anxiety-based disorders: PTSD GAD
and beyond. Neuropsychopharmacology. 2017;42:254-70.

Rao NP, Venkatasubramanian G, Ravi V, Kalmady S, Cherian
A, Yc JR. Plasma cytokine abnormalities in drug-naive,
comorbidity-free obsessive-compulsive disorder. Psychiatry
Res. 2015;229:949-52.

MacDowell KS, Diaz-Marsa M, Giiemes |, Rodriguez A, Leza
JC, Carrasco JL. Inflammatory activation and cholinergic anti-
inflammatory system in eating disorders. Brain Behav Immun.
2013;32:33-9.

Solmi M, Veronese N, Favaro A, Santonastaso P, Manzato E,
Sergi G, et al. Inflammatory cytokines and anorexia nervosa:
a meta-analysis of cross-sectional and longitudinal studies. Psy-
choneuroendocrinology. 2015;51:237-52.

Carroll BJ. Biomarkers in DSM 5: lost in translation. Aust N Z J
Psychiatry. 2013;47:676-81.

Vieta E. La medicina personalizada aplicada a la salud men-
tal: la psiquiatria de precision. Rev Psiquiatr Salud Ment (Barc).
2015;8:117-8.

Kohler O, Benros ME, Nordentoft M, Farkouh ME, lyengar RL,
Mors O, et al. Effect of anti-inflammatory treatment on depres-
sion, depressive symptoms, and adverse effects: a systematic
review and meta-analysis of randomized clinical trials. JAMA
Psychiatry. 2014;71:1381-91.

Sommer |E, van Westrhenen R, Begemann MJH, de Witte LD,
Leucht S, Kahn RS. Efficacy of anti-inflammatory agents to
improve symptoms in patients with schizophrenia: an update.
Schizophr Bull. 2014;40:181-91.


http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0645
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0650
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0655
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0660
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0665
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0670
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0675
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0680
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0685
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0690
dx.doi.org/10.1093/schbul/sbx035
dx.doi.org/10.1093/schbul/sbx035
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0700
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0705
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0710
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0715
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0720
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0725
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0730
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0735
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0740
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0745
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0750
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0755
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0760
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0765
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0770
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0775
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780
http://refhub.elsevier.com/S2173-5050(18)30017-7/sbref0780

	Psychoneuroimmunology of mental disorders
	Introduction
	The immune system
	General considerations
	Communication between the immune system and the nervous system

	Autoimmune diseases and psychiatric symptoms
	Systemic lupus erythematosus (SLE)
	Autoimmune encephalitis
	Paediatric autoimmune neuropsychiatric disorders associated with streptococci (PANDAS)

	The immune system and primary psychiatric disorders
	Stress and allostatic load
	Inflammation in depression
	Inflammation in schizophrenia
	Inflammation in other neuropsychiatric disorders

	Diagnostic and therapeutic implications
	Conclusions
	Conflict of interests
	Acknowledgements
	References


