Maes and Twisk BMC Medicine 2010, 8:35
http://www.biomedcentral.com/1741-7015/8/35

CORRESPONDENCE

BMC Medicine

Open Access

Chronic fatigue syndrome: Harvey and Wessely's
(bio)psychosocial model versus a bio(psychosocial)
model based on inflammatory and oxidative and
nitrosative stress pathways

Michael Maes*! and Frank NM Twisk2

Abstract

even when apparent medical causes are present.

elements.

involved.

Background: In a recently published paper, Harvey and Wessely put forward a 'biopsychosocial' explanatory model for
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS), which is proposed to be applicable to (chronic) fatigue

Methods: Here, we review the model proposed by Harvey and Wessely, which is the rationale for behaviourally
oriented interventions, such as cognitive behaviour therapy (CBT) and graded exercise therapy (GET), and compare this
model with a biological model, in which inflammatory, immune, oxidative and nitrosative (IO&NS) pathways are key

Discussion: Although human and animal studies have established that the pathophysiology of ME/CFS includes
IO&NS pathways, these abnormalities are not included in the model proposed by Harvey and Wessely. Activation of
IO&NS pathways is known to induce fatigue and somatic (F&S) symptoms and can be induced or maintained by viral
and bacterial infections, physical and psychosocial stressors, or organic disorders such as (auto)immune disorders.
Studies have shown that ME/CFS and major depression are both clinical manifestations of shared IO&NS pathways, and
that both disorders can be discriminated by specific symptoms and unshared or differentiating pathways.
Interventions with CBT/GET are potentially harmful for many patients with ME/CFS, since the underlying
pathophysiological abnormalities may be intensified by physical stressors.

Conclusions: In contrast to Harvey and Wessely's (bio)psychosocial model for ME/CFS a bio(psychosocial) model
based upon IO&NS abnormalities is likely more appropriate to this complex disorder. In clinical practice, we suggest
physicians should also explore the IO&NS pathophysiology by applying laboratory tests that examine the pathways

Background

In a recent commentary, Harvey and Wessely [1] pro-
posed a (bio)psychosocial model for all manifestations of
chronic fatigue: myalgic encephalomyelitis/chronic
fatigue syndrome (ME/CES), unexplained fatigue, fatigue
as a result of psychiatric conditions, and fatigue associ-
ated with an apparent medical cause, such as cancer,
AIDS and autoimmune disorders. Figure 1 shows the
Harvey and Wessely model [1].
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In the view of Harvey and Wessely [1], stress, a viral
infection or another trigger instigate 'fatigue' in predis-
posed individuals, which, mediated by prolonged bed
rest, 'boom and bust activity' and biological sequelae (the
maintaining factors), result in ME/CFS. The biological
component of this model is restricted to the potential
triggers (infections) and 'biological responses’ to the ini-
tial fatigue, which, accompanied by 'behavioural
responses' contribute to a prolonged severe fatigue. Per-
petuating factors are principally behavioural ones; biolog-
ical aberrations are considered to be a consequence not a
cause. All predisposing factors, with one exception
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Figure 1 The (bio)psychosocial model for 'chronic fatigue' of Harvey and Wessely.

(childhood illness), are behavioural or characterological
ones.

Harvey and Wessely's [1] model strongly resembles the
psychosocial model of Vercoulen et al. [2]. Figure 2 shows
the Vercoulen et al. model. Fatigue and impairment are
considered to be the end result of behavioural (psycho/
sociogenic) factors only. According to this model attrib-
uting complaints to a somatic cause (physical attribution)
negatively influences physical activity, which in turn has a
negative impact on severity of fatigue and impairment.
Focusing on symptoms also contributes to impairment
and fatigue, and a low perceived sense of control over
symptoms also induces fatigue. We will refer to both
models as psychosocial models, since biological abnor-
malities are considered to play no role at all (the Vercou-
len et al. model) or just a minor one (the Harvey and
Wessely model) in explaining the symptomology of ME/
CES.

These psychosocial explanatory models for fatigue and
ME/CES and fatigue in general are the rationale for the
combination of cognitive behavioural therapy (CBT) and
graded exercise therapy (GET). In the biopsychosocial

view, the patient can 'recover' by adjusting dysfunctional
beliefs and behaviour and reversing deconditioning,
which are proposed to be the maintaining factors in ME/
CES. CBT is aimed at eliminating psychogenic maintain-
ing factors, for example illness beliefs, unhelpful, anxiety-
provoking thoughts and kinesiophobia ('fear of move-
ment’); CBT challenges the negative cognitions and dys-
functional beliefs of the patients [3]. CBT is indissolubly
attached with GET, a rehabilitative approach of graded
increase in activity to address deconditioning [3].

This paper examines Harvey and Wessely's [1] (bio)psy-
chosocial model for ME/CES and chronic fatigue in gen-
eral and compares this model to a bio(psychosocial)
model based on disorders in immune, inflammatory, oxi-
dative and nitrosative stress (IO&NS) pathways.

Comparison between the psychosocial models and
a biological model based upon aberrations in
IO&NS pathways

The biological pathophysiology

A medical model should explain how (a) precipitating
and perpetuating factors induce (b) the biological
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Figure 2 The (bio)psychosocial model for myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) of Vercoulen et al. Fatigue: the
subjective feeling of fatigue; fatigue subscale of the Checklist Individual Strength. Focusing on (Bodily) Symptoms: somatisation subscale of the Symp-
tom Checklist. (Level of) Physical Activity: Sickness Impact Profile (SIP) subscale mobility (SIP-MOB) and the Physical Activities Rating Scale. (Functional)
Impairment: impairment in daily life; subscale of activities at home of the SIP. Sense of Control (over Symptoms): selected items of the modified Pain
Cognition List on a specific five-point scale. Causal Attributions: Causal Attributions List (high scores: physical attributions, low scores: psychosocial
attributions).
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pathophysiology that accounts for (c) specific symptoms.
Figure 3 shows a biological model that plausibly explains
'fatigue' and ME/CEFS by organic abnormalities and cause
and effect relationships [4]. The model of Harvey and
Wessely [1], however, does not specify (b) biological
pathways that explain and maintain (c) the clinical picture
and that are induced by (a) precipitating factors. Cer-
tainly, Harvey and Wessely [1] consider that a virus may
trigger fatigue; however, their model does not include the
concept that infections can trigger IO&NS pathways that
may explain the consequent symptoms. We label the
IO&NS-induced symptom complex 'fatigue and somatic'
(F&S) symptoms, which encompass a flu-like malaise,
fatigue, pain and muscle aches, cognitive disturbances,
autonomic symptoms and so on [5]. Psychiatrists typi-
cally consider these symptoms to be 'functional' and label
them as 'psychosomatic’, 'hysteria’ or 'somatisation'.
Patients with specific F&S symptoms are diagnosed as
ME/CES patients once a number of diagnostic criteria are
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fulfilled (for example, as described by Fukuda et al. [6]).
While Harvey and Wessely [1] acknowledge a minor role
for biological factors as maintenance factors of ME/CEFS,
the cause and effect relationships of these biological fac-
tors are not specified.

However, there is evidence that IO&NS pathways play a
key role in the pathophysiology of ME/CES and other
conditions in which F&S symptoms are prevalent. The
findings that IO&NS pathways are involved in the
pathophysiology of ME/CES are replicated in many stud-
ies as reviewed previously ([4,7-9] and references
therein). Figure 3 shows the pathways that are involved in
F&S symptoms and ME/CES. The factors involved are
shown in Table 1[10-30].

These, and other previously reviewed findings show
that the F&S symptoms are a clinical expression of dys-
regulated IO&NS pathways [4]. As previously outlined
[4], increased levels of proinflammatory cytokines, oxida-
tive damage, increased cyclo-oxygenase 2 (COX-2) pro-
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Figure 3 The inflammatory and oxidative and nitrosative (IO&NS) pathophysiology of myalgic encephalomyelitis/chronic fatigue syn-
drome (ME/CFS). COX-2 = cyclo-oxygenase 2; iNOS = inducible nitric oxide synthase; PUFA = polyunsaturated fatty acids; NFKB = nuclear factor kB.
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duction, increased translocation by Gram-negative
enterobacteria and so on, can generate F&S symptoms,
including fatigue, a flu-like malaise, pain, symptoms of
irritable bowel syndrome, and neurocognitive disorders.
In addition, aberrations in IO&NS pathways are interre-
lated. For example, viral and bacterial infections and gut-
derived inflammation may induce nuclear factor «B
(NFkB) and consequently COX-2, inducible nitric oxide
synthase (iNOS) and increased levels of proinflammatory
cytokines. These inflammatory pathways and persistent
or reactivating infections induce radical oxygen species
(ROS) and radical nitrogen species (RNS), which in turn
may damage membrane fatty acids, proteins, DNA and
mitochondria. As a consequence of IO&NS, some cellu-
lar immune functions may be suppressed, for example,
lowered natural killer cell activity (NKCA) and ex vivo
expression of T cell activation markers, such as CD69.
The aberrations mentioned above can also cause chan-
nelopathy, reduced omega-3 polyunsaturated fatty acid
levels, cell death and apoptosis, and change inactive
autoantigens into neoepitopes, which have acquired
immunogenicity and act as triggers to bypass immuno-
logical tolerance. This process may explain the occur-
rence of an IgM-mediated autoimmune responses
mounted against neoepitopes formed by O&NS damage
to fatty acids, by oxidation, and proteins, by nitration.
The above-mentioned processes may also explain the
development of autoimmune responses against a plethora
of self-antigens, including gangliosides and serotonin
[4,20]. Depletion of antioxidants in patients with ME/
CES, partially due to inflammation, may further impair
the protection against ROS and RNS, causing more dam-
age to fatty acids, proteins, DNA and mitochondria
[4,20]. Not every patient exhibits the full spectrum of
these IO&NS disorders. In fact, each of the above-men-
tioned aberrations and/or combinations thereof may
induce specific F&S symptoms, whereas ME/CES is asso-
ciated with the more severe forms of IO&NS aberrations
(for example, severe inflammation, dysregulation of the
RNase L pathway, apoptosis pathways, persistent damage
to membrane lipids, functional proteins, DNA, and mito-
chondria and autoimmune responses [4,20]). For exam-
ple, an initial infection may trigger the production of
NFkB and consequently proinflammatory cytokines.
These in turn may induce active immune-mediated
symptoms (the F&S symptoms). Increased O&NS as a
consequence of inflammatory responses can cause dam-
age to membrane fatty acids, functional proteins, DNA or
mitochondria, which further aggravate the immune-
mediated symptoms. The primary inflammatory reac-
tions can cause gut-derived inflammation that further
aggravates inflammation and O&NS [10]. In some severe
cases the above-mentioned processes may cause autoim-
mune responses against neoepitopes or self-antigens via,
for example, mimicry [4,20].
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Table 1: Overview of the different immune, inflammatory,
oxidative and nitrosative stress (IO&NS) aberrations in
myalgic encephalomyelitis/chronic fatigue syndrome (ME/
CFS)

Aberrations in the IO&NS pathways in Reference(s)

ME/CFS

Maes et al. [10], Maes
etal.[11]

Increased production of key inflammatory
mediators, such as NFkB, COX-2, iNOS

Increased levels of proinflammatory Fletcheretal. [12]

cytokines

Immune activation, with increased in vivo Klimas et al. [13]
expression of activation markers, such as

CD38, and Th 1-like or Th 2-like responses

Maher et al. [14],
Mihaylova et al. [8]

Immunosuppression, for example,
diminished natural killer cell activity (NKCA),
and decreased ex vivo expression of
activation markers, such as CD69

Depleted antioxidant levels Maes et al. [15]

Increased levels of radical oxygen (ROS) and
nitrogen species (RNS)

Kennedy et al. [16]

Maes etal.[17], Behan
etal. [18]

Oxidative damage to membrane fatty acids,
mitochondria, functional proteins and DNA

Autoimmune responses against oxidatively  Maes et al. [9]
modified fatty acids and nitrated proteins

(neoepitopes)

Autoimmune reactions Maes (review) [19]

Maes et al. [20-22],
Sheedy et al. [23]

Gutdysbiosis and gut-derived inflammation
with increased bacterial translocation

Mitochondrial dysfunctions with lower
carnitine and coenzyme Q10 levels

Myhill et al. [24],
Plioplys and Plioplys
[25], Maes et al. [7]

Upregulation and dysregulation of the 2'-5'  Nijs and De Meirleir
oligoadenylate synthetase/RNase L [26]
pathway

Gow etal. [27], Kerr et
al.[28]

Apoptosis pathways

lon channel dysfunction (channelopathy) Broderick et al. [29]

Lowered omega-3 polyunsaturated fatty Maes et al. [30]

acids

For space considerations, this table only shows a selection of the
relevant references. A more comprehensive listing can be supplied
on request from the authors.

COX-2: cyclo-oxygenase 2; iINOS = inducible nitric oxide synthase;
NFkB = nuclear factor kB; Th =T helper.
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It is often argued that the above-mentioned aberrations
may be 'consequences' rather than the initial cause of the
illness. However, as reviewed previously [4,8,9,20], there
is ample evidence that immune activation and increased
O&NS may induce F&S symptoms and, in specific cases,
ME/CES, and that treatments that target the IO&NS
pathways may have a clinical efficacy in treating ME/CFES
and F&S symptoms in general [4]. Moreover, these clini-
cal findings are corroborated by observations in animal
models demonstrating that experimentally induced acti-
vation of IO&NS pathways is accompanied by inflamma-
tion-induced 'fatigued' behaviour [31,32]. In this context,
only a few examples are given. In mice, lipopolysaccha-
ride (LPS)-induced peripheral immune activation is
accompanied by fatigue. The severity of fatigue, motor
deficits, coordination problems induced by immune acti-
vation correlate to the levels of the anti-inflammatory
cytokine interleukin 10 [33]. In rats, intraperitoneal injec-
tions of a synthetic double-stranded RNA, polyriboinos-
inic:polyribocytidylic acid (poly I:C) induces profound
fatigue, which is, amongst other things, characterised by
increased levels of interferon-alpha that induces immune
activation [34]. In experimental animals, induction of
O&NS by intensive and exhaustive exercise induces neu-
rocognitive symptoms [35]. Evidence is also provided by
animal models showing that experimentally induced F&S
symptoms are associated with activation of the IO&NS
pathways and that targeting IO&NS may reverse
'fatigued' behaviour [31-35].

It is often argued that 'animal models of ME/CFS' do
not reflect ME/CFES in humans. However, translational
research is of great importance in deciphering the path-
ways that may cause inflammation-mediated behavioural
changes. Only one example is given: the effect of LPS. An
increased immune response against the LPS from Gram-
negative bacteria has been established in patients with
ME/CES, indicating a higher LPS load in their blood [20].
This may be the result of an increased translocation of
Gram-negative enterobacteria from the gut to the blood
due to increased gut permeability or leaky gut [20]. Ani-
mal experiments have demonstrated that LPS injected
into the rodent may induce specific symptoms, such as
F&S symptoms, through immune activation and neuroin-
flammation [20]. These translational experiments show
that an increased immune response against LPS from
Gram-negative bacteria, as has been detected in ME/CFS
patients, can induce inflammation-mediated F&S symp-
toms [20].

Aetiological factors

In humans, many studies have demonstrated that differ-
ent pathogens can induce and/or maintain F&S and ME/
CES: viral (for example, Herpes Simplex, cytomegalovi-
rus, Epstein Barr, Human Herpesvirus 6 (HHV-6)), and
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bacterial, (for example, Chlamydia pneumoniae, Myco-
plasma species, enterobacteria, and Coxiella burnetii
infections [4]). Psychosocial and physical stressors can be
important precipitating and perpetuating (co)factors for
F&S symptoms and gradual onset ME/CEFS as well [4]. As
reviewed previously, even moderate psychological stres-
sors, such as examination stress, can induce the cytokine
network [36] and O&NS pathways [4,37]. There is suffi-
cient evidence that physical stressors activate the IO&NS
pathways [4]. Harvey and Wessely [1] consider viral infec-
tions and stress to be triggers only, and don't consider
their role in the pathophysiology of ME/CFS. Their
model does not specify whether stress indicates physical
or psychological stress. But more importantly, the model
does not embody the important role of infections (viral
and bacterial) and physical or psychological stress as
cofactors. Therefore, we propose to include all above-
mentioned precipitating factors in the biological explana-
tory model, as presented in Figure 3.

As stated by Harvey and Wessely [1], other factors can
instigate ME/CFS symptoms (that is, the 'zebras/, the rare
organic causes of ME/CFS such as immune disorders).
This is important because (auto)immune disorders,
including autoimmune thyroid disorders, multiple sclero-
sis and rheumatoid arthritis, can induce F&S symptoms
[19]. Consequently, '(auto)immune disorders' should be
acknowledged as perpetuating factors for ME/CFS and
F&S symptoms in general. In analogy to the diagnostic
classification system in depression one could consider
this concept as 'ME/CEFS due to a general medical condi-
tion'. However, as discussed above, it has been demon-
strated that patients with ME/CES suffer from one or
more IO&NS disorders and thus from an organic condi-
tion that can explain their F&S symptoms. An alternative
view is that all the triggers mentioned above share the
capacity to activate IO&NS pathways that eventually
cause F&S symptomatology.

Harvey and Wessely [1] declare ME/CFS to be medi-
cally unexplained. However as stated above, the core ele-
ments of the organic pathophysiology of ME/CES are
already likely known: the induction of IO&NS pathways
and its sequelae. As such the F&S symptoms of ME/CFS
are largely explainable in terms of its pathophysiology. Of
course, Harvey and Wessely [1] are correct to state that
the trigger factors often remain unknown even after
'chasing the zebras'. Indeed, in the individual patient it
not always possible to pinpoint the original trigger,
because the trigger may have disappeared when the
patient is examined. For example, a Mycoplasma infec-
tion may contribute to (chronic) activation of the IO&NS
pathways, which eventually cause damage to lipids, pro-
teins and DNA, gut-derived inflammation and autoim-
munity [20]. The latter may persist after the Mycoplasma
infection is eradicated by antibiotics [20]. Therefore, Har-
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vey and Wessely's [1] discussion on whether the triggers
(the zebras, the horses) can be pinpointed is in fact not
really relevant, because ME/CEFS can be understood by its
pathophysiology even though sometimes (but not always)
the precipitating factors cannot be pinpointed.

Based on their model, Harvey and Wessely [1] propose
that the initial cause of the fatigue has a limited impact on
the eventual course of the illness. This statement may be
correct in some cases. However, it has been demon-
strated that the severity of the illness and the rate of
recovery of ME/CES patients whose condition was trig-
gered by specific infections may be determined by the
acute phase of the infection [38,39]. More importantly,
specific pathogens have been shown to cause persistent
infections [40-43]. Whether or not the original trigger is
still present and can be detected, the severity of F&S
symptoms is significantly correlated to pathophysiologi-
cal biomarkers. For example, Maes et al. [9-11,44]
detected significant positive correlations between the
severity of F&S symptoms in ME/CFS and IgM-mediated
immune responses against neoepitopes originating from
damage to O&NS-modified lipids and proteins, and
increased NFkB, COX-2, and iNOS production. This
indicates that even if the initial trigger has a limited
impact on the course of the illness, there still is a signifi-
cant association between the pathophysiological path-
ways induced by that trigger and the clinical
manifestations of aberrations in the IO&NS pathways.

Harvey and Wessely [1] outline that even fatigue associ-
ated with 'apparent medical causes', such as cancer and
HIV infection, is more closely associated with behav-
ioural and psychological factors than with the severity of
the underlying pathophysiology. However, in patients
with autoimmune disorders, 'fatigue' can largely be
explained by activated IO&NS pathways (for example,
increased interleukin 1 (IL-1) [45]). In cancer patients,
there is evidence that cytokines (for example, IL-6) play a
key role in the fatigue [46]. HIV infection is characterised
by fatigue accompanied by clinical signs of inflammation
[47], an impaired quality of life that is related to immune
activation [48], and a dysfunctional carnitine-dependent
energy production [49].

Predisposing factors

Harvey and Wessely's [1] model incorporates the
assumption that some individuals are predisposed to
develop fatigue and ME/CEFS. They propose that person-
ality factors, periodic overactivity, deconditioning,
increased use of doctors, early childhood illness and so
on, may predispose towards ME/CFS. However, central
elements of their psychosocial model and the Vercoulen
et al. model [2], including kinesiophobia and personality
traits, have been disproved by various studies [50,51]. A
recent study by Wiborg et al. [52], for example, invali-
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dates the cause and effect relationship between physical
activity and 'fatigue’: improvement in the subjective feel-
ing of 'fatigue' is not reflected by an increase in physical
activity. The Vercoulen et al. model [2] as a whole has
been invalidated by Song and Jason [50]. It is also inter-
esting to note that in some studies, but not all, personality
traits, coping mechanisms and psychiatric history do not
seem to affect the outcome of CBT/GET, while immuno-
logical and related endocrinological variables do
[51,53,54]. In addition, Harvey and Wessely [1] do not
mention the immunological predisposing factors, such as
polymorphisms in immune genes associated with ME/
CFS [55-57], and deficiencies in immunoglobulins, such
as IgG1, IgG2 and 1gG3 [20,58].

Maintaining factors

In the Harvey and Wessely model [1] biological factors
are mentioned as maintaining factors. Harvey and Wes-
sely [1], however, do not specify these 'biological factors'.
There is no rationale to locate these pathophysiological
maintaining factors between fatigue and CFS as Harvey
and Wessely do. In our model, however, IO&NS abnor-
malities such as chronic inflammation, damage caused by
IO&NS, and autoimmune disorders may persist, thereby
becoming maintaining factors. The activated IO&NS
pathways not only determine the expression of F&S
symptoms, but can also determine the duration of those
symptoms directly.

Other important maintaining factors in Harvey and
Wessely's model are prolonged bed rest and boom and
bust activity. Prolonged bed rest cannot be considered to
be a maintaining factor, since often it is a dependent vari-
able (not cause, but effect). As an illustration we refer to a
case study [20]. This was a patient who suffered from
ME/CES, but was considered to be hysteric (la belle indif-
ference) or psychosomatic by psychiatrists, the usual 'psy-
chiatric' explanation. In this patient, a Mycoplasma
infection induced an inflammatory cascade accompanied
by O&NS-induced damage, a deficiency in specific anti-
oxidants, gut-derived inflammation, autoimmunity to
serotonin and gangliosides, resulting in paralysis and
'prolonged bed rest' [20]. In this case, one might expect
the physician to conclude that the Mycoplasma infection
is an important propulsive trigger factor for an IO&NS-
driven pathophysiology, including severe inflammation
and autoimmune responses, such as Guillain-Barre syn-
drome, with paralysis and, thus, prolonged bed rest [20].
It is, therefore, incomprehensible that Harvey and Wes-
sely [1] consider a dependent variable to be an explana-
tory variable in their model, while the real explanatory
variables (for example, the aberrations in the IO&NS
pathways and their sequelae), and the bacterial infections,
are not included.
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How boom and bust activity may act as a maintaining
factor in ME/CES is not clear to us. Even if boom and
bust activity would be relevant, its exact role in the model
has yet to be determined and we would propose that this
needs to be further verified by applying pathway analysis
or other multivariate techniques in order to ascertain the
significant cause and effect relationships between boom
and bust activity and the IO&NS variables.

In addition, psychological stressors can be important
maintaining factors for ME/CEFS, as indicated by observa-
tions that acute and chronic psychological stress ampli-
fies inflammation [16] and O&NS [37,59,60], which are
already present in ME/CEFS. Physical stressors can act as
perpetuating factors for ME/CFS. This is substantiated by
observations that exercise intensifies the pre-existing bio-
logical pathophysiology in many patients with ME/CES
[51].

Symptomatology
In accordance with Jones et al. [61], Harvey and Wessely
[1] propose to extend the definition of CFS by relaxing
the exclusion criteria of the case definition of Fukuda [6].
Whether this is appropriate or not needs further investi-
gation, we suggest by pattern recognition methods to
determine whether specific patient clusters can be
retrieved in a 'fatigued’' population and to unravel the fac-
tor structure of F&S symptomatology. Unfortunately, in
contrast to research in depression, to date not much
effort has been put into multivariate studies in ME/CFS
and fatigue in general. In some of our studies we have
considered the differences in IO&NS pathways between
patients fulfilling Fukuda's ME/CES criteria and patients
with chronic fatigue not fulfilling Fukuda's criteria. A dis-
tinction between ME/CFS and chronic fatigue is reflected
by the type and severity of F&S symptoms, and by the
biological abnormalities that are more prevalent in ME/
CFS. Analyses of IgA responses against enterobacteria
showed that these biological disorders are significantly
more pronounced in ME/CFS than in chronic fatigue
[21]. This situation is comparable to 'melancholic’ depres-
sion, which is within the group of depressed patients
(including minor and major depression) a qualitatively
different category with regard to the severity and type of
depressive symptoms and biological abnormalities [5].
Harvey and Wessely [1] suggest that the most common
'comorbid’ condition in ME/CES is depression, and they
seem to suggest that if depression is present a mental
state examination remains the best investigation. Depres-
sion frequently co-occurs with ME/CES [62]. Because
many patients with ME/CFS and related conditions have
comorbid mood or anxiety disorders, it has been sug-
gested that chronic fatigue is a 'form fruste' of depression
[63]. Recently, we have shown that F&S symptoms are
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also key symptoms of (melancholic) depression. F&S
symptoms observed in depression even seem to predict
the severity and chronicity of depression [5]. Some
patients presenting to physicians for evaluation of their
symptoms concentrate on fatigue and are depressed. A
mental state examination to identify patients with
'comorbid' depression is certainly warranted and treat-
ment of depression, when present, is recommendable.
The proposal of Harvey and Wessely [1] that a 'mental
state examination' remains the best investigation in per-
sons with 'unexplained fatigue' is not correct. First, as jus-
tified above, we would propose that analysing the
aberrations in the IO&NS pathways is more important
for unravelling the pathophysiology of ME/CES and F&S
symptoms in general than a mental state examination.
Second, ME/CES can be discriminated with a 100% accu-
racy from depression using percentage of time fatigue
reported, severity of post-exertional malaise and short-
ness of breath, unrefreshing sleep severity, confusion/dis-
orientation severity, and self-reproach [64]. In addition, a
biological distinction between ME/CFS and depression
has recently been confirmed by differential gene expres-
sion [65].

Further, we would suggest that the co-occurrence of
depression, F&S symptoms and ME/CES is more complex
than suggested by Harvey and Wessely [1]. There is evi-
dence that partially overlapping IO&NS pathways can
induce two typical symptom clusters (that is, F&S symp-
toms such as pain, muscle tension, a flu-like malaise, neu-
rocognitive complaints, and sleep disorders; and
depressive complaints, such as sadness, loss of interest,
psychomotor retardation, anorexia, weight loss and anhe-
donia [4,66,67]). For example, cytokine-based immuno-
therapy (with interferon-a) in patients infected with the
hepatitis C virus induces two potentially coexistent
symptom profiles: (a) F&S symptoms appearing early
after starting treatment and occurring in almost all
patients, and (b) depressive symptoms, occurring some
weeks later in a subgroup of the patients [68,69]. Impor-
tantly, the severity of depression is even predicted by the
severity of the F&S symptoms some weeks earlier [68]. In
animal models, the above-mentioned F&S symptoms and
depressive symptoms are induced by peripheral and cen-
tral (neuro)inflammation, for example by interleukin 1B
and tumour necrosis factor a (TNFa) [70,71]. This
implies that depression and ME/CES can be regarded as
clinical manifestations of aberrations in shared IO&NS
pathways. They can be distinguished by differences in
other biological pathways (for example, the turnover of
serotonin, neurodegeneration, decreased neurogenesis,
and hypercortisolism, distinctive for depression [67]),
and, for example, RNase L fragmentation [26,72] and
hypocortisolism  [73], characteristic for ME/CEFS.
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Whether ME/CES and depression are co-occurrent man-
ifestations of shared IO&NS pathways requires further
investigation.

Therapy

When looking at the evidence base, it is not clear that the
effectiveness of CBT/GET is significant in CES/ME. The
effectiveness of CBT/GET (20% to 40%), compared to
support groups, natural course, standard medical care
and so on (20% to 30%), is at best marginal [3]. If one
takes into consideration the fact that self-rated fatigue
was the only measure in most studies, 'fatigue’ is a subjec-
tive measure that we suggest is largely insufficient to
diagnose ME/CEFS and has no correlation with objective
measures, such as cardiopulmonary capacity [74] or
physical activity [51]. Moreover, of the few randomised
controlled trials considered to be relevant, almost all
explicitly excluded large groups of ME/CES patients and/
or included non-ME/CES patients, due to the selection
criteria [51].

Previous papers have reported favourable effects for
improvement in functional work capacity and fatigue by
GET, irrespective of depression [75]. This could be
explained by the fact that habitual exercise can improve
autonomic nervous system adaptation and induce pulmo-
nary and cardiovascular conditioning in a subset of
chronic fatigued patients. However, in patients with ME/
CFS, CBT/GET has been shown to be counterproductive
in many patients. Based on the evaluation of the Belgian
Reference Centres, the Belgian Minister of Health offi-
cially declared that CBT/GET should not be regarded as a
curative therapy for ME/CES [51,74]. This evaluation
revealed that the exercise capacity/condition of the
patients treated had not improved and that the occupa-
tional participation had even decreased after CBT/GET
[51]. Two large-scale patient surveys in the UK and Nor-
way, and two smaller surveys in Scotland and The Neth-
erlands indicate that CBT/GET aggravates the condition
of many ME/CES patients [51]. It could be argued that
GET may result in a 'late improvement' following 'initial
worsening'. However, we have reviewed elsewhere that
rehabilitation programmes, like CBT/GET, intensify
characteristic F&S complaints, such as fatigue, pain, neu-
rocognitive problems and so on [51]. This negative
impact on the symptomatology of ME/CFS can be
explained by the fact that exertion and GET may amplify
the pre-existing pathophysiological aberrations, such as
inflammation, O&NS; damage caused by O&NS, and
sequelae such as mitochondrial dysfunctions and so on
[51]. This suggests that the IO&NS pathways should be
normalised before starting GET-like rehabilitation pro-
grammes. GET should, in our view, be accompanied by
frequent assessment for IO&NS abnormalities. If present,
they would strongly indicate that CBT/GET likely has no
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significant or even possibly negative effects. It could be
argued, however, that the harm induced by CBT/GET
will most likely occur in misdiagnosed patients, and it
cannot be excluded that CBT may be a useful therapy for
ME/CES in some cases even in patients without major
depression.

Conclusions emerging from the IO&NS model
presented here

Our comparison of Harvey and Wessely's model with a
model more biologically based suggests that a biological
model based upon IO&NS pathways is more appropriate
to describe this complex organic disorder. Activation of
the IO&NS pathways induces important characteristic
ME/CES symptoms, forms of chronic fatigue and F&S
symptoms in general. The IO&NS pathways can be insti-
gated by infections, viral and bacterial, psychosocial and
physical stressors as well as medical disorders such as
(auto)immune disorders, which all function as precipitat-
ing and/or maintaining factors for ME/CES.

The IO&NS model presented here may explain the
spontaneous improvement or resolution of illness that
occurs in those with an acute onset and particularly in
adolescents with an infectious onset. Spontaneous reso-
lution of the symptoms may occur when these IO&NS
responses are diminished once the initial infection is
eradicated. However, in predisposed persons, the initial
infection may induce extensive and long-term sequelae in
the IO&NS pathways. Our pathophysiological model
could also explain why F&S symptoms may persist in the
absence of increased cytokine levels as is documented in
post-infection fatigue studies [76]. The primary infec-
tions and subsequent responses in some specific cytok-
ines might have resolved while the damage caused by
O&NS to lipids, proteins or DNA and consequent auto-
immune responses may persist and disable the patients,
thus explaining residual F&S symptoms [19,20]. More-
over, it is always possible that neuroinflammation, other
cytokines or proinflammatory products are involved
which had not been measured in these studies.

It is important to note that the above-mentioned
IO&NS pathways also offer a plausible explanation for the
earlier mortality due to cardiovascular disorder in ME/
CFS, which is described in detail elsewhere [77,78].

Based on their model, Harvey and Wessely [1] recom-
mend clinicians to avoid spending too much time chasing
'rare or unlikely diagnoses', or in their own words: 'not to
spend too much time looking for zebras among the
horses', and they propose to limit the organic investiga-
tions to a small set of blood tests. In contrast, we suggest
that clinicians should examine the IO&NS pathophysiol-
ogy, their sequelae, and the possible precipitating and
maintaining factors (for example, infections) in any given
patient. In our opinion, not investigating the IO&NS
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pathways could lead to inappropriate diagnosis of the
underlying pathophysiology and thus possible inappro-
priate treatment for the patient.

The set of blood tests proposed by Harvey and Wessely
[1] includes some widely accepted tests for inflammatory
diseases, such as C reactive protein and antibody assays
for bacterial and viral infections and, in our opinion,
should be conducted when assessing patients with ME/
CFS. In addition, we suggest additional tests (outlined in
Appendix 1) that are also good candidates and that can be
performed as part of routine laboratory investigations;
some of these are already approved by regulatory agen-
cies. We think that regulatory agencies should objectively
evaluate and approve the other tests, so that ME/CFS
patients are reimbursed and these assays can be used on a
regular basis in these patients.

Further, to identify the most accurate therapeutical
approach it is likely necessary to define subtypes accord-
ing to the IO&NS pathophysiology and the precipitating
and predisposing factors [4,74]. Thus, a distinction
should be made between the type of IO&NS disorders the
patients suffer from. Does the individual patient suffer
from gut-derived inflammation, T helper (Th) 1-like or
Th 2-like immune responses, monocytic activation, dys-
regulation of RNase L pathway, channelopathy, mito-
chondrial dysfunction, a low coenzyme Q10 syndrome,
damage to fatty acids, functional proteins or DNA, auto-
immunity, and so on, or combinations of these aberra-
tions? It is also important to uncover potential triggers
and maintaining factors, such as bacterial and viral infec-
tions, psychological stressors, overexertion, and the rare
'zebras', such as (auto)immune disorders, that may
explain the IO&NS pathophysiology of F&S symptoms
and ME/CES. Finally, it is important to pinpoint the pre-
disposing and maintaining factors, such as IgG subclass
deficiencies and immunosuppression with recurrent
infections, respectively. When bacterial or viral infections
have been shown to be important maintaining factors,
antibiotics and antiviral medications are essential [4,74].
Intravenous immunoglobulins are an evidence-based
treatment option for ME/CFS accompanied by common
variable hypo-y-globulinaemia or IgG subclass deficien-
cies, and recurrent infections or autoimmunity [20].
Treatment with carnitine, coenzyme Q10, and so on, may
be advised in subjects with depleted mitochondrial func-
tions [7,79]. Gut-derived inflammation responds favour-
ably to treatment with glutamine [22]. Mouse models of
ME/CES demonstrate that F&S symptoms can be
induced by peripheral and central IO&NS pathways,
including lipid peroxidation and depleted antioxidant
defences, and that those symptoms may be reversed by
specific anti-inflammatory and antioxidant therapies tar-
geting the IO&NS pathways [31,32]. Needless to say that
there are still many IO&NS pathways in ME/CES for
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which no adequate treatment exists, such as severe dam-
age to lipids and proteins, and autoimmune responses.

We do not agree with the statement of Harvey and
Wessely [1] that a mental state examination remains the
best investigation in persons with 'unexplained fatigue'
because the 'fatigue' could be explained by a mental con-
dition, such as depression. First, because we would pro-
pose that a biological investigation is likely to be a better
indication of the underlying causes that may account for
many F&S complaints. Second, patients with ME/CES
can be discriminated from those with depression by using
a characteristic symptom profile [64] or biological mark-
ers [72,73]. Third, as described above, the co-occurrence
between depression, F&S symptoms and ME/CES is com-
plex. It appears that ME/CFS and major depression are
symptomatic manifestations of shared IO&NS pathways.
Based on the above, we propose that the F&S symptoms
of ME/CES are not caused by depression and that ME/
CFES does not cause depression. This implies also that
both disorders are distinct diagnostic categories that
should be treated differently.

We propose that future research should use high
throughput, high quality screening, as made possible by
translational research employing genotyping microarrays
and functional genomics (assays of IO&NS genes), novel
IO&NS animal models of ME/CES, including transgenic
mouse models (IO&NS overexpression or knockouts),
and promoter induction based indicator cell lines that are
specific to the brain (for example, neuroinflammation,
damage by O&NS), muscles (for example, damage by
O&NS, mitochondrial dysfunctions) and the gut (for
example, gut inflammation and gut-derived inflamma-
tion) in order to further delineate novel drug targets in
the IO&NS pathways and develop new drugs to treat this
complex medical disorder. Multivariate pattern recogni-
tion studies should be carried out in order to (a) define
clinical subtypes of ME/CFS and chronic fatigue and
their associations with co-occurrent depression, and (b)
examine the shared IO&NS pathways versus those that
discriminate both disorders. Finally, interventional stud-
ies should be carried out to test the clinical efficacy of
(novel) drugs in treating the biological causes of ME/CFS
subgroups, defined by biomarkers such as inflammatory
profiles or gene expression.

Appendix 1

List of specific tests by category that should be carried
out on a regular basis to investigate IO&NS abnormalities
in ME/CEFS.

Inflammation
Proinflammatory cytokine tests: interleukin 13 (IL-1pB),
IL-6, and tumour necrosis factor a (TNF«).
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T cell activation marker measurement by means of flow
cytometry (for example, CD38+ T cells).

Anti-nuclear factor antibody tests.

Serotonin and ganglioside antibody tests.

Protein electrophoresis.

Oxidative and nitrosative stress
IgM response tests against neoepitopes formed by O&NS
damage to lipids and proteins.

Plasma carnitine tests (free, total and so on).

Plasma malondealdehyde (thiobarbituric acid reactive
substances (TBARS)) test.

Gut-derived inflammation
Tests to detect increased gut permeability.

Predisposing factors
IgG subclass deficiency tests (IgG3 and so on).

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
Both authors contributed equally to this review and reanalysis. The authors
read and approved the final manuscript.

Author Details
Maes Clinics @ TRIA, Piyavate Hospital, Bangkok, Thailand and 2ME-de-
patiénten Foundation, Limmen, The Netherlands

Received: 4 December 2009 Accepted: 15 June 2010
Published: 15 June 2010

References

1. Harvey SB, Wessely S: Chronic fatigue syndrome: identifying zebras
amongst the horses. BMC Med 2009, 7:58.

2. Vercoulen JH, Swanink CM, Galama JM, Fennis JF, Jongen PJ, Hommes OR,
van der Meer JW, Bleijenberg G: The persistence of fatigue in chronic
fatigue syndrome and multiple sclerosis: development of a model. J
Psychosom Res 1998, 45:507-517.

3. Price J, Mitchell E, Tidy E, Hunot V: Cognitive behaviour therapy for
chronic fatigue syndrome in adults. Cochrane Database Syst Rev 2008,
3:CD001027.

4. Maes M: Inflammatory and oxidative and nitrosative stress pathways
underpinning chronic fatigue, somatization and psychosomatic
symptoms. Curr Opin Psychiatry 2009, 22:75-83.

5. Maes M: "Functional” or "psychosomatic" symptoms, e.g. a flu-like
malaise, aches and pain and fatigue, are major features of major and in
particular of melancholic depression. Neuro Endocrinol Lett 2009,
30:553-674.

6.  Fukuda K, Straus SE, Hickie |, Sharpe MC, Dobbins JG, Komaroff A: The
chronic fatigue syndrome: a comprehensive approach to its definition
and study. International Chronic Fatigue Syndrome Study Group. Ann
Intern Med 1994, 121:953-959.

7. Maes M, Mihaylova |, Kubera M, Uytterhoeven M, Vrydags N, Bosmans E:
Coenzyme Q10 deficiency in myalgic encephalomyelitis/chronic
fatigue syndrome (ME/CFS) is related to fatigue, autonomic and
neurocognitive symptoms and is another risk factor explaining the
early mortality in ME/CFS due to cardiovascular disorder. Neuro
Endocrinol Lett 2009, 30:470-476.

8. Mihaylova |, DeRuyter M, Rummens JL, Bosmans E, Maes M: Decreased
expression of CD69 in chronic fatigue syndrome in relation to
inflammatory markers: evidence for a severe disorder in the early
activation of T lymphocytes and natural killer cells. Neuro Endocrinol
Lett 2007, 28:477-483.

9. Maes M, Mihaylova |, Leunis JC: Chronic fatigue syndrome is
accompanied by an IgM-related immune response directed against

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 11 0f 13

neopitopes formed by oxidative or nitrosative damage to lipids and
proteins. Neuro Endocrinol Lett 2006, 27:615-621.

Maes M, Mihaylova I, Bosmans E: Not in the mind of neurasthenic
lazybones but in the cell nucleus: patients with chronic fatigue
syndrome have increased production of nuclear factor kappa beta.
Neuro Endocrinol Lett 2007, 28:456-462.

Maes M, Mihaylova |, Kubera M, Bosmans E: Not in the mind but in the
cell: increased production of cyclo-oxygenase-2 and inducible NO
synthase in chronic fatigue syndrome. Neuro Endocrinol Lett 2007,
28:463-469.

Fletcher MA, Zeng XR, Barnes Z, Levis S, Klimas NG: Plasma cytokines in
women with chronic fatigue syndrome. J Trans/ Med 2009, 7:96.
Klimas NG, Salvato FR, Morgan R, Fletcher MA: Immunologic
abnormalities in chronic fatigue syndrome. J Clin Microbiol 1990,
28:1403-1410.

Maher KJ, Klimas NG, Fletcher MA: Chronic fatigue syndrome is
associated with diminished intracellular perforin. Clin Exp Immunol
2005, 142:505-511.

Maes M, Mihaylova |, De Ruyter M: Lower serum zinc in chronic fatigue
syndrome (CFS): relationships to immune dysfunctions and relevance
for the oxidative stress status in CFS. J Affect Disord 2006, 90:141-147.
Kennedy G, Spence VA, McLaren M, Hill A, Underwood C, Belch JJ:
Oxidative stress levels are raised in chronic fatigue syndrome and are
associated with clinical symptoms. Free Radic Biol Med 2005, 39:584-589.
Maes M, Mihaylova I, Kubera M, Uytterhoeven M, Vrydags N, Bosmans E:
Increased 8-hydroxy-deoxyguanosine, a marker of oxidative damage
to DNA, in major depression and myalgic encephalomyelitis/chronic
fatigue syndrome. Neuro Endocrinol Lett 2009, 30:715-722.

Behan WM, More IA, Behan PO: Mitochondrial abnormalities in the
postviral fatigue syndrome. Acta Neuropathol 1991, 83:61-65.

Maes M: Moe en Uitgeput. Brussels, Belgium: Lampedaire; 2010.

Maes M, Coucke F, Leunis JC: Normalization of the increased
translocation of endotoxin from Gram negative enterobacteria (leaky
gut) is accompanied by a remission of chronic fatigue syndrome.
Neuro Endocrinol Lett 2007, 28:739-744.

Maes M, Mihaylova |, Leunis JC: Increased serum IgA and IgM against
LPS from Gram negative enterobacteria in chronic fatigue syndrome
(CFS): indication for the involvement of Gram-negative enterobacteria
in the etiology of CFS and for the presence of an increased gut
permeability. JAffect Disord 2007, 99:237-240.

Maes M, Leunis JC: Normalization of leaky gut in chronic fatigue
syndrome (CFS) is accompanied by a clinical improvement: effects of
age, duration of illness and the translocation of LPS from Gram-
negative bacteria. Neuro Endocrinol Lett 2008, 29:902-910.

Sheedy JR, Wettenhall RE, Scanlon D, Gooley PR, Lewis DP, McGregor N,
Stapleton DI, Butt HL, DE Meirleir KL: Increased d-lactic Acid intestinal
bacteria in patients with chronic fatigue syndrome. In Vivo 2009,
23:621-628.

Myhill S, Booth NE, McLaren-Howard J: Chronic fatigue syndrome and
mitochondrial dysfunction. IntJ Clin Exp Med 2009, 2:1-16.

Plioplys AV, Plioplys S: Serum levels of carnitine in chronic fatigue
syndrome: clinical correlates. Neuropsychobiology 1995,32:132-138.
Nijs J, De Meirleir K: Impairments of the 2-5A synthetase/RNase L
pathway in chronic fatigue syndrome. In Vivo 2005, 19:1013-1021.
Gow JW, Hagan S, Herzyk P, Cannon C, Behan PO, Chaudhuri A: A gene
signature for post-infectious chronic fatigue syndrome. BMC Med
Genom 2009, 2:38.

Kerr JR, Petty R, Burke B, Gough J, Fear D, Sinclair LI, Mattey DL, Richards
SC, Montgomery J, Baldwin DA, Kellam P, Harrison TJ, Griffin GE, Main J,
Enlander D, Nutt DJ, Holgate ST: Gene expression subtypes in patients
with chronic fatigue syndrome/myalgic encephalomyelitis. J Infect Dis
2008,197:1171-1184.

Broderick G, Craddock RC, Whistler T, Taylor R, Klimas N, Unger ER:
Identifying illness parameters in fatiguing syndromes using classical
projection methods. Pharmacogenomics 2006, 7:407-419.

Maes M, Mihaylova |, Leunis JC: In chronic fatigue syndrome, the
decreased levels of omega-3 poly-unsaturated fatty acids are related
to lowered serum zinc and defects in T cell activation. Neuro Endocrinol
Lett 2005, 26:745-751.

Gupta A, Vij G, Sharma S, Tirkey N, Rishi P, Chopra K: Curcumin, a
polyphenolic antioxidant, attenuates chronic fatigue syndrome in
murine water immersion stress model. /mmunobiol 2009, 214:33-39.


http://www.biomedcentral.com/1741-7015/8/35
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19818158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9859853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18646067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19127706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20035256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7978722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20010505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17693977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17159817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17693979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17693978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19909538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2166084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16297163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16338007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16085177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20035260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1792865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18063928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17007934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19112401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19567398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19436827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8544970
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16277015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18462164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16610951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16380690

Maes and Twisk BMC Medicine 2010, 8:35
http://www.biomedcentral.com/1741-7015/8/35

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Singh A, Naidu PS, Gupta S, Kulkarni SK: Effect of natural and synthetic
antioxidants in a mouse model of chronic fatigue syndrome. JMed
Food 2002, 5:211-220.

Krzyszton CP, Sparkman NL, Grant RW, Buchanan JB, Broussard SR, Woods
J, Johnson RW: Exacerbated fatigue and motor deficits in interleukin-
10-deficient mice after peripheral immune stimulation. Am J Physiol
Regul Integr Comp Physiol 2008, 295:R1109-1114.

Katafuchi T, Kondo T, Take S, Yoshimura M: Enhanced expression of brain
interferon-alpha and serotonin transporter in immunologically
induced fatigue in rats. FurJNeurosci 2005, 22:2817-2826.

Rosa EF, Takahashi S, Aboulafia J, Nouailhetas VL, Oliveira MG: Oxidative
stress induced by intensend exhaustive exercise impairs murine
cognitive function. J Neurophysiol 2007, 98:1820-1826.

Maes M, Board Editorial: Psychological stress and the inflammatory
response system. Clin Sci (Lond) 2001, 101:193-194.

Sivonova M, Zitnanova |, Hlincikova L, Skodacek |, Trebaticka J, Durackova
Z: Oxidative stress in university students during examinations. Stress
2004, 7:183-188.

Kerr JR, Barah F, Mattey DL, Laing |, Hopkins SJ, Hutchinson IV, Tyrrell DA:
Circulating tumour necrosis factor-alpha and interferon-gamma are
detectable during acute and convalescent parvovirus B19 infection
and are associated with prolonged and chronic fatigue. J Gen Virol
2001, 82:3011-3019.

Hickie I, Davenport T, Wakefield D, Vollmer-Conna U, Cameron B, Vernon
SD, Reeves WC, Lloyd A, Dubbo Infection Outcomes Study Group: Post-
infective and chronic fatigue syndromes precipitated by viral and non-
viral pathogens: prospective cohort study. BMJ 2006, 333:575.

Zhang L, Goudh J, Christmas D, Mattey D, Richards S, Main J, Enlander D,
Honeybourne D, Ayres J, Nutt DJ, Kerr J: Microbial infections in eight
genomic subtypes of chronic fatigue syndrome/myalgic
encephalomyelitis (CFS/ME). J Clin Pathol 2010, 63:156-64.

Chia JK, Chia AY, Voeller M, Lee TM, Chang R: Acute enterovirus infection
followed by myalgic encephalomyelitis/chronic fatigue syndrome (ME/
CFS) and viral persistence. J Clin Pathol 2010, 63:165-8.

Tobi M, Morag A, Ravid Z, Chowers |, Feldman-Weiss V, Michaeli Y, Ben-
Chetrit E, Shalit M, Knobler H: Prolonged atypical iliness associated with
serological evidence of persistent Epstein-Barr virus infection. Lancet
1982, 1:61-64.

Arashima Y, Kato K, Komiya T, Kumasaka K, Matsukawa Y, Murakami M,
Takahashi K, Ikeda T, Arakawa Y: Improvement of chronic nonspecific
symptoms by long-term minocycline treatment in Japanese patients
with Coxiella burnetiiinfection considered to have post-Q fever fatigue
syndrome. Intern Med 2004, 43:49-54.

Maes M, Mihaylova |, Leunis JC: Increased serum IgM antibodies directed
against phosphatidyl inositol (Pi) in chronic fatigue syndrome (CFS)
and major depression: evidence that an IgM-mediated immune
response against Pi is one factor underpinning the comorbidity
between both CFS and depression. Neuro Endocrinol Lett 2007,
28:861-867.

Harboe E, Tjensvoll AB, Vefring HK, Ggransson LG, Kvalay JT, Omdal R:
Fatigue in primary Sjégren's syndrome - a link to sickness behaviour in
animals? Brain Behav Immun 2009, 23:1104-1108.

Inagaki M, Isono M, Okuyama T, Sugawara Y, Akechi T, Akizuki N, Fujimori
M, Mizuno M, Shima Y, Kinoshita H, Uchitomi Y: Plasma interleukin-6 and
fatigue in terminally ill cancer patients. J Pain Symptom Manage 2008,
35:153-161.

Fox R, Eldred LJ, Fuchs EJ, Kaslow RA, Visscher BR, Ho M, Phair JP, Polk BF:
Clinical manifestations of acute infection with human
immunodeficiency virus in a cohort of gay men. AIDS Program, NIAID,
Bethesda, MD 20892. AIDS 1987, 1:35-38.

Schroecksnadel K, Sarcletti M, Winkler C, Mumelter B, Weiss G, Fuchs D,
Kemmler G, Zangerle R: Quality of life and immune activation in
patients with HIV-infection. Brain Behav Immun 2008, 22:881-889.
Famularo G, De Simone C, Trinchieri V, Mosca L: Carnitines and its
congeners: a metabolic pathway to the regulation of immune
response and inflammation. Ann NY Acad Sci 2004, 1033:132-138.

Song S, Jason LA: A population-based study of chronic fatigue
syndrome (CFS) experienced in differing patient groups: An effort to
replicate Vercoulen et al's model of CFS. JMent Health 2005, 4:277-289.

. Twisk F, Maes M: A review on cognitive behavioral therapy (CBT) and

graded exercise therapy (GET) in myalgic encephalomyelitis (ME)/
chronic fatigue syndrome (CFS): CBT/GET is not only ineffective and

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

Page 12 0f 13

not evidence-based, but also potentially harmful for many patients
with ME/CFS. Neuro Endocrinol Lett 2009, 30:284-299.

Wiborg JF, Knoop H, Stulemeijer M, Prins JB, Bleijenberg G: How does
cognitive behaviour therapy reduce fatigue in patients with chronic
fatigue syndrome? The role of physical activity. Psychol Med 2010, 5:1-7.
Jason LA, Torres-Harding S, Brown M, Sorenson M, Donalek J, Corradi K,
Maher K, Fletcher MA: Predictors of change following participation in
non-pharmacologic interventions for CFS. Tropl Med Health 2008,
36:23-32.

Roberts AD, Charler ML, Papadopoulos A, Wessely S, Chalder T, Cleare AJ:
Does hypocortisolism predict a poor response to cognitive
behavioural therapy in chronic fatigue syndrome? Psychol Med 2010,
40:515-522.

Carlo-Stella N, Badulli C, De Silvestri A, Bazzichi L, Martinetti M, Lorusso L,
Bombardieri S, Salvaneschi L, Cuccia M: Afirst study of cytokine genomic
polymorphisms in CFS: positive association of TNF-857 and IFN-
gamma 874 rare alleles. Clin Exp Rheumatol 2006, 24:179-182.

Helbig K, Harris R, Ayres J, Dunckley H, Lloyd A, Robson J, Marmion BP:
Immune response genes in the post-Q-fever fatigue syndrome, Q fever
endocarditis and uncomplicated acute primary Q fever. QJM 2005,
98:565-574.

Vollmer-Conna U, Piraino BF, Cameron B, Davenport T, Hickie |, Wakefield
D, Lloyd AR, Dubbo Infection Outcomes Study Group: Cytokine
polymorphisms have a synergistic effect on severity of the acute
sickness response to infection. Clin Infect Dis 2008, 47:1418-1425.
Patarca R: Cytokines and chronic fatigue syndrome. Ann NY Acad Sci
2001, 933:185-200.

Liu J, Mori A: Stress, aging, and brain oxidative damage. Neurochem Res
1999, 24:1479-1497.

Kovdcs P, Jurdnek |, Stankovicova T, Svec P: Lipid peroxidation during
acute stress. Pharmazie 1996, 51:51-53.

Jones JF, Lin J-MS, Maloney EM, Boneva RS, Nater UM, Unger ER, Reeves
WC: An evaluation of exclusionary medical/psychiatric conditions in
the definition of chronic fatigue syndrome. BMC Med 2009, 7:57.
Skapinakis P, Lewis G, Mavreas V: Temporal relations between
unexplained fatigue and depression: longitudinal data from an
international study in primary care. Psychosom Med 2004, 66:330-335.
Roy-Byrne P, Afari N, Ashton S, Fischer M, Goldberg J, Buchwald D:
Chronic fatigue and anxiety/depression: a twin study. BrJ Psychiatry
2002, 180:29-34.

Hawk C, Jason LA, Torres-Harding S: Differential diagnosis of chronic
fatigue syndrome and major depressive disorder. IntJBehav Med 2006,
13:244-251.

Zhang L, Goudh J, Christmas D, Mattey D, Richards S, Main J, Enlander D,
Honeybourne D, Ayres J, Nutt DJ, Kerr J: Microbial infections in eight
genomic subtypes of chronic fatigue syndrome/myalgic
encephalomyelitis (CFS/ME). JClin Pathol 2010, 63:156-164.

Maes M, Meltzer HY, Scharpé S, Cooreman W, Uyttenbroeck W, Suy E,
Vandervorst C, Calabrese J, Raus J, Cosyns P: Psychomotor retardation,
anorexia, weight loss, sleep disturbances, and loss of energy:
psychopathological correlates of hyperhaptoglobinemia during major
depression. Psychiatry Res 1993, 47:229-241.

Maes M, Yirmyia R, Noraberg J, Brene S, Hibbeln J, Perini G, Kubera M, Bob
P, Lerer B, Maj M: The inflammatory & neurodegenerative (I&ND)
hypothesis of depression: leads for future research and new drug
developments in depression. Metab Brain Dis 2009, 24:27-53.

Wichers MC, Koek GH, Robaeys G, Praamstra AJ, Maes M: Early increase in
vegetative symptoms predicts IFN-alpha-induced cognitive-
depressive changes. Psychol Med 2005, 35:433-441.

Martin KA, Krahn LE, Balan V, Rosati MJ: Modafinil's use in combating
interferon-induced fatigue. Dig Dis Sci 2007, 52:893-896.

Goshen |, Kreisel T, Ben-Menachem-Zidon O, Licht T, Weidenfeld J, Ben-
Hur T, Yirmiya R: Brain interleukin-1 mediates chronic stress-induced
depression in mice via adrenocortical activation and hippocampal
neurogenesis suppression. Mol Psychiatry 2008, 13:717-728.

Qin L, Wu X, Block ML, Liu Y, Breese GR, Hong JS, Knapp DJ, Crews FT:
Systemic LPS causes chronic neuroinflammation and progressive
neurodegeneration. Glia 2007, 55:453-462.

Suhadolnik RJ, Peterson D, Reichenbach NL, Roen G, Metzger M, McCahen
J, O'Brien K, Welsch S, Gabriel J, Gaughan JP, McGregor NR: Clinical and
biochemical characteristics differentiating chronic fatigue syndrome


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12639396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18650318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16324116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17625057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11473495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15764015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11714978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16950834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19955554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19828908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6119490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14964579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18063934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19560535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18082358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3122787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18261883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15591010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19855350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19607750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16762155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15955794
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18937577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12000020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10555789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8999436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19818157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15184691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11772848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17078775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19955554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8372161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19085093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15841878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17318387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17700577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17203472

Maes and Twisk BMC Medicine 2010, 8:35 Page 13 0f 13
http://www.biomedcentral.com/1741-7015/8/35

from major depression and healthy control populations: relation to
dysfunction and RNase L pathway. JChron Fatigue Syndr 2004, 12:5-35.

73. Scott LV, Dinan TG: Urinary free cortisol excretion in chronic fatigue
syndrome, major depression and in healthy volunteers. J Affect Disord
1998, 47:49-54.

74. Maes M, Twisk F: Chronic fatigue syndrome: la béte noire of the Belgian
Health Care System. Neuro Endocrinol Lett 2009, 30:300-311.

75. Wearden AJ, Morriss RK, Mullis R, Strickland PL, Pearson DJ, Appleby L,
Campbell IT, Morris JA: Randomised, double-blind, placebo-controlled
treatment trial of fluoxetine and graded exercise for chronic fatigue
syndrome. BrJPsychiatry 1998, 172:485-490.

76. Vollmer-Conna U, Cameron B, Hadzi-Pavlovic D, Singletary K, Davenport T,
Vernon S, Reeves WC, Hickie |, Wakefield D, Lloyd AR, Dubbo Infective
Outcomes Study Group: Postinfective fatigue syndrome is not
associated with altered cytokine production. Clin Infect Dis 2007,
45:732-735.

77. Jason LA, Corradi K, Gress S, Williams S, Torres-Harding S: Causes of death
among patients with chronic fatigue syndrome. Health Care Women Int
2006, 27:615-626.

78. Maes M, Twisk F: Why myalgic encephalomyelitis/chronic fatigue
syndrome (ME/CFS) may kill you: disorders in the inflammatory and
oxidative and nitrosative stress (IO&NS) pathways may explain
cardiovascular disorders in ME/CFS. Neuro Endocrinol Lett 2009,
30:677-693.

79. Vermeulen RC, Scholte HR: Exploratory open label, randomized study of
acetyl- and propionylcarnitine in chronic fatigue syndrome. Psychosom
Med 2004, 66:276-282.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http//www.biomedcentral.com/1741-7015/8/35/prepub

doi: 10.1186/1741-7015-8-35

Cite this article as: Maes and Twisk, Chronic fatigue syndrome: Harvey and
Wessely's (bio)psychosocial model versus a bio(psychosocial) model based
on inflammatory and oxidative and nitrosative stress pathways BMC Medicine
2010, 8:35

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

* Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BioMed Central



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9476743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19855351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9828987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17712757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16844674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20038921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15039515
http://www.biomedcentral.com/1741-7015/8/35/prepub

	Abstract
	Background
	Methods
	Discussion
	Conclusions
	Background
	Compartson between the psychosocial models and a biological model based upon aberrations in IO&NS pathways
	The biological pathophysiology
	Aetiological factors
	Predisposting factors
	Maintaining factors
	Symptomatology
	Therapy

	Conclusions emerging from the IO&NS model presented here
	Appendix 1
	Inflammation
	Oxidative and nitrosative stress
	Gut-derived inflammation
	Predisposing factors

	Competing interests
	Authors' contributions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


