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Overview
Jason LA, Zinn ML, Zinn MA. Myalgic Encephalomyelitis: Symptoms and
Biomarkers. Curr Neuropharmacol. 2015;13(5):701-34. PMID: 26411464
The authors summarize advances in the physiological and neurological
approaches to understanding, diagnosing, and treating ME.
*
Fischer DB, William AH, Strauss AC, Unger ER, Jason L, Marshall GD Jr, Dimitrakoff
JD. Chronic Fatigue Syndrome: The Current Status and Future Potentials of
Emerging Biomarkers. Fatigue. 2014 Jun 1;2(2):93-109. PMID: 24932428
The authors review potential CFS biomarkers related to neurological and
immunological components of the illness.
*
Bansal AS, Bradley AS, Bishop KN, Kiani-Alikhan S, Ford B. Chronic fatigue
syndrome, the immune system and viral infection. Brain Behav Immun. 2011 Jul 2.
PMID: 21756995
The authors review what is known about the immune system in CFS. Slightly
increased parameters of inflammation and pro-inflammatory cytokines such as
interleukin (IL) 1, IL6 and tumour necrosis factor (TNF) α are likely present.
Additionally, impaired natural killer cell function appears evident. Alterations in T
cell numbers have been described by some and not others. While the prevalence
of positive serology for the common herpes viruses appears no different from
healthy controls, there is some evidence of viral persistence and inadequate
containment of viral replication. The ability of certain herpes viruses to impair the
development of T cell memory may explain this viral persistence and the
continuation of symptoms.
*
May M, Emond A, Crawley E. Phenotypes of chronic fatigue syndrome in children
and young people. Arch Dis Child. 2010 Apr;95(4):245-9. PMID: 19843509
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Exploratory factor analysis was performed on symptoms present at assessment in
333 children and young people with CFS/ME. Three phenotypes were identified
using factor analysis: Factor 1, muscoloskeletal, had loadings on muscle and joint
pain and hypersensitivity to touch, and was associated with worse fatigue,
physical function and pain. Factor 2, migraine, loaded on noise and light
hypersensitivity, headaches, nausea, abdominal pain and dizziness and was most
strongly associated with physical function and pain. Factor 3, sore throat, had
loadings on sore throat and tender lymph nodes and was not associated with
fatigue or pain.
*
Carlo-Stella N, Cuccia M. Demographic and clinical aspects of an Italian patient
population with chronic fatigue syndrome. Reumatismo. 2009 Oct-Dec;61(4):2859. PMID: 20143004
Besides persistent fatigue, a clinical syndrome of CFS with infectious, neurological
and rheumatological characteristics is outlined from the data in Italy.
*
Bassi N, Amital D, Amital H, Doria A, Shoenfeld Y. Chronic fatigue syndrome:
characteristics and possible causes for its pathogenesis. Isr Med Assoc J. 2008
Jan;10(1):79-82. PMID: 18300582
Several mechanisms have been suggested to play a role in CFS, such as excessive
oxidative stress following exertion, immune imbalance characterized by
decreased natural killer cell and macrophage activity, immunoglobulin G subclass
deficiencies (IgG1, IgG3) and decreased serum concentrations of complement
component. Autoantibodies were also suggested as a possible factor in the
pathogenesis of CFS. Recent studies indicate that anti-serotonin, antimicrotubule-associated protein 2 and anti-muscarinic cholinergic receptor 1 may
play a role in the pathogenesis of CFS. It has been demonstrated that impairment
in vasoactive neuropeptide metabolism may explain the symptoms of CFS.
*
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Hooper M. Myalgic encephalomyelitis: a review with emphasis on key findings in
biomedical research. J Clin Pathol. 2007 May;60(5):466-71. PMID: 16935967
A review of research findings in CFS, termed a “chronic multiple-symptom,
multiorgan, multisystem illness.”
*
Klimas NG, Koneru AO. Chronic fatigue syndrome: inflammation, immune
function, and neuroendocrine interactions. Curr Rheumatol Rep. 2007
Dec;9(6):482-7. PMID: 18177602
Studies of CFS patients show a variety of dysfunctions, including mitochondrial
dysfunction and immune dysfunction.
*
Miike T. Childhood chronic fatigue syndrome. Nihon Rinsho. 2007 Jun;65(6):1099104. PMID: 17561704
For children and adolescents with CFS, four major symptoms are important: sleep
disorders, easy fatigability, disturbed learning and memorization and
immunological problems.
*
Kuratsune H. Overview of chronic fatigue syndrome focusing on prevalence and
diagnostic criteria. Nihon Rinsho. 2007 Jun;65(6):983-90. PMID: 17561686
Recent studies reveal that CFS can be understood to be a special condition based
on the abnormality of neuroendocrine-immunologic system caused by the
psycho-social stress and some genetic components. Under these conditions, a
reactivation of various kinds of herpes virus infections and/or chronic infections
might occur as a result of immune dysfunction, causing the abnormal production
of several cytokines. A distinctive feature of CFS is thought to be the secondary
brain dysfunction caused by the abnormal production of several cytokines.
*
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Janal MN, Ciccone DS, Natelson BH. Sub-typing CFS patients on the basis of
'minor' symptoms. Biol Psychol. 2006 Aug;73(2):124-31. PMID: 16473456
The authors did an analysis of a population of CFS patients and came up with
musculoskeletal, infectious and neurological subtypes.
*
Gurbaxani BM, Jones JF, Goertzel BN, Maloney EM. Linear data mining the
Wichita clinical matrix suggests sleep and allostatic load involvement in chronic
fatigue syndrome. Pharmacogenomics. 2006 Apr;7(3):455-65. PMID: 16610955
The authors provide basic data about a group of CFS sufferers in Wichita, Kansas.
*
Jason LA, Taylor RR, Kennedy CL, Jordan K, Huang CF, Torres-Harding S, Song S,
Johnson D. A factor analysis of chronic fatigue symptoms in a community-based
sample. Soc Psychiatry Psychiatr Epidemiol. 2002 Apr;37(4):183-9. PMID:
12027245
Individuals with chronic fatigue have symptoms that can be differentiated into
theoretically distinct factors, including: Lack of Energy, Physical Exertion,
Cognitive Functioning, and Fatigue and Rest.

Cancer Risk
Chang CM, Warren JL, Engels EA. Chronic fatigue syndrome and subsequent risk
of cancer among elderly US adults. Cancer. 2012 Dec 1;118(23):5929-36. PMID:
22648858
CFS was associated with an increased risk of non-Hodgkin lymphoma (NHL).
Among NHL subtypes, CFS was associated with diffuse large B cell lymphoma,
marginal zone lymphoma, and B cell NHL not otherwise specified. CFS was also
associated, although not after multiple comparison adjustment, with cancers of
the pancreas, kidney, breast, and oral cavity and pharynx.
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*
Levine PH, Fears TR, Cummings P, Hoover RN. Cancer and a fatiguing illness in
Northern Nevada--a causal hypothesis. Ann Epidemiol. 1998 May;8(4):245-9.
PMID: 9590603
The authors investigated the possibility that chronic fatigue syndrome (CFS)
predisposes to cancer by comparing the cancer pattern in an area in northern
Nevada, where an outbreak of a fatiguing illness, which included cases of CFS, was
reported, to an area in southern Nevada, where no such illness was reported.
Higher incidences of NHL and primary brain tumors were noted in the two
northern Nevada counties (Washoe and Lyon) in 1986 and 1987 respectively,
compared to the southern Nevada (Clark) county.
*
Levine PH, Atherton M, Fears T, Hoover R. An approach to studies of cancer
subsequent to clusters of chronic fatigue syndrome: use of data from the Nevada
State Cancer Registry. Clin Infect Dis. 1994 Jan;18 Suppl 1:S49-53. PMID: 8148453
The authors consider whether the decreased natural killer cell function in CFS
clusters may be related to brain/CNS tumors and non-Hodgkin’s lymphoma,
finding a trend that merits future research.
*
Levine PH, Peterson D, McNamee FL, O'Brien K, Gridley G, Hagerty M, Brady J,
Fears T, Atherton M, Hoover R. Does chronic fatigue syndrome predispose to nonHodgkin's lymphoma? Cancer Res. 1992 Oct 1;52(19 Suppl):5516s-5518s;
discussion 5518s-5521s. PMID: 1394166
The authors examined the prevalence of non-Hodgkins lymphoma in epidemic
areas for CFS.
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Cardiac Abnormalities
Miwa K. Cardiac dysfunction and orthostatic intolerance in patients with myalgic
encephalomyelitis and a small left ventricle. Heart Vessels. 2014 Apr 16. PMID:
24736946
A small left ventricle heart size with a low cardiac output was common in ME
patients, in whom orthostatic intolerance was extremely common. Cardiac
dysfunction with a small heart appears to be related to the symptoms of ME.
*
Kossaify A, Kallab K. Neurocardiogenic syncope and associated conditions: insight
into autonomic nervous system dysfunction. Turk Kardiyol Dern Ars. 2013
Jan;41(1):75-83. PMID: 23518945
CFS and other conditions with an association with neurocardiogenic syncope are
discussed.
*
Wyller VB, Helland IB. Relationship between autonomic cardiovascular control,
case definition, clinical symptoms, and functional disability in adolescent chronic
fatigue syndrome: an exploratory study. Biopsychosoc Med. 2013 Feb 7;7(1):5.
PMID: 23388153
This research study suggests that a) disability of CFS patients is not only related to
fatigue but to other symptoms as well; b) altered cardiovascular autonomic
control is associated with certain symptoms; c) The CDC criteria are poorly
associated with disability, symptoms, and indices of altered autonomic nervous
activity.
*
Frith J, Zalewski P, Klawe JJ, Pairman J, Bitner A, Tafil-Klawe M, Newton JL.
Impaired blood pressure variability in chronic fatigue syndrome--a potential
biomarker. QJM. 2012 Sep;105(9):831-8. PMID: 22670061
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At rest, low frequency heart rate variability (sympathetic) was significantly
increased in CFS compared to controls, while parasympathetic markers were
significantly reduced. Total diastolic blood pressure spectral power was increased
across all domains, with a shift towards sympathetic and away from
parasympathetic SBPV. On standing, overall systolic response was significantly
reduced with reductions in both sympathetic and parasympathetic components.
*
Miwa K, Fujita M. Small Heart With Low Cardiac Output for Orthostatic
Intolerance in Patients With Chronic Fatigue Syndrome. Clin Cardiol. 2011 Nov 28.
PMID: 22120591
A small size of left ventricular with low cardiac output was noted in subjects with
orthostatic intolerance, and especially in those patients also suffering from CFS. A
small heart appears to be related to both cerebral and systemic hypoperfusion.
*
Hollingsworth KG, Hodgson T, Macgowan GA, Blamire AM, Newton JL. Impaired
cardiac function in chronic fatigue syndrome measured using magnetic resonance
cardiac tagging. J Intern Med. 2011 Jul 27. PMID: 21793948
Patients with CFS have markedly reduced cardiac mass and blood pool volumes,
particularly end-diastolic volume: this results in significant impairments in stroke
volume and cardiac output compared to controls. The CFS group appeared to
have a delay in the release of torsion.
*
Bjerregaard P, Nallapaneni H, Gussak I. Short QT interval in clinical practice. J
Electrocardiol. 2010 Sep-Oct;43(5):390-5. PMID: 20667544
A shorter-than-usual QT interval has been reported in patients with Chronic
Fatigue Syndrome.
*
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Stewart JM. Chronic fatigue syndrome: comments on deconditioning, blood
volume and resulting cardiac function. Clin Sci (Lond). 2009 Oct 19;118(2):121-3.
PMID: 19534728
Reduced cardiac stroke volume and cardiac output was demonstrated in more
severely afflicted patients with CFS, and this is primarily attributable to a
measurable reduction in blood volume.
*
Hurwitz BE, Coryell VT, Parker M, Martin P, Laperriere A, Klimas NG, Sfakianakis
GN, Bilsker MS. Chronic fatigue syndrome: illness severity, sedentary lifestyle,
blood volume and evidence of diminished cardiac function. Clin Sci (Lond). 2009
Oct 19;118(2):125-35. PMID: 19469714
This study indicates that lower cardiac volume levels, displayed primarily by
subjects with severe CFS, were not linked to diminished cardiac contractility
levels, but were probably a consequence of a co-morbid hypovolaemic condition.
*
Miwa K, Fujita M. Cardiovascular dysfunction with low cardiac output due to a
small heart in patients with chronic fatigue syndrome. Intern Med.
2009;48(21):1849-54. PMID: 19881233
CFS patients have low cardiac output due to a small left ventricular
chamber. Frequently reported cardiovascular symptoms (including shortness of
breath, dyspnea on effort, rapid heartbeat, chest pain, fainting, orthostatic
dizziness, coldness of feet and hypotension) may be results of this.
*
Miwa K, Fujita M. Cardiac function fluctuates during exacerbation and remission
in young adults with chronic fatigue syndrome and "small heart". J Cardiol. 2009
Aug;54(1):29-35. PMID: 19632517
CFS patients had small left ventricular heart chambers and poor cardiac
performance, and this was correlated with the severity of their symptoms.
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*
Miwa K, Fujita M. Small heart syndrome in patients with chronic fatigue
syndrome. Clin Cardiol. 2008 Jul;31(7):328-33. PMID: 18636530
A high percentage of CFS patients have a small heart, and this leads to orthostatic
dizziness, foot coldness, pitting edema and other symptoms.
*
Naschitz JE, Slobodin G, Sharif D, Fields M, Isseroff H, Sabo E, Rosner I.
Electrocardiographic QT interval and cardiovascular reactivity in fibromyalgia
differ from chronic fatigue syndrome. Eur J Intern Med. 2008 May;19(3):187-91.
PMID: 18395162
CFS is associated with a short corrected electrocardiographic QT interval (QTc).
*
Naschitz J, Fields M, Isseroff H, Sharif D, Sabo E, Rosner I. Shortened QT interval: a
distinctive feature of the dysautonomia of chronic fatigue syndrome. J
Electrocardiol. 2006 Oct;39(4):389-94. PMID: 16895768
Relative short QTc intervals are features of the CFS-related dysautonomia.
*
Lerner AM, Dworkin HJ, Sayyed T, Chang CH, Fitzgerald JT, Beqaj S, Deeter RG,
Goldstein J, Gottipolu P, O'Neill W. Prevalence of abnormal cardiac wall motion in
the cardiomyopathy associated with incomplete multiplication of Epstein-barr
Virus and/or cytomegalovirus in patients with chronic fatigue syndrome. In Vivo.
2004 Jul-Aug;18(4):417-24. PMID: 15369178
The prevalence of abnormal cardiac wall motion (ACWM) at rest in CFS patients
was 10 out of 87 patients (11.5%). With stress exercise, 21 patients (24.1%)
demonstrated ACWM. Cardiac biopsies in 3 of these CFS patients with ACWM
showed a cardiomyopathy. Among the controls, ACWM at rest was present in 4
out of 191 patients (2%) (p=0.0018).
11

*
Peckerman A, LaManca JJ, Dahl KA, Chemitiganti R, Qureishi B, Natelson BH.
Abnormal impedance cardiography predicts symptom severity in chronic fatigue
syndrome. Am J Med Sci. 2003 Aug;326(2):55-60. PMID: 12920435
The patients with severe CFS had significantly lower stroke volume and cardiac
output than the controls and less ill patients. Postexertional fatigue and flu-like
symptoms of infection differentiated the patients with severe CFS from those
with less severe CFS (88.5% concordance) and were predictive (R2 = 0.46, P <
0.0002) of lower cardiac output. In contrast, neuropsychiatric symptoms showed
no specific association with cardiac output.
*
Dworkin HJ, Lawrie C, Bohdiewicz P, Lerner AM. Abnormal left ventricular
myocardial dynamics in eleven patients with chronic fatigue syndrome.Clin Nucl
Med. 1994 Aug;19(8):675-7. PMID: 7955743
Eleven patients diagnosed with chronic fatigue syndrome were found to have
abnormal left ventricular myocardial dynamics as indicated on MUGA studies.
Among the abnormalities noted were abnormal wall motion at rest and stress,
dilatation of the left ventricle, and segmental wall motion abnormalities.
*
Lerner AM, Lawrie C, Dworkin HS. Repetitively negative changing T waves at 24-h
electrocardiographic monitors in patients with the chronic fatigue syndrome. Left
ventricular dysfunction in a cohort. Chest. 1993 Nov;104(5):1417-21. PMID:
8222798
A group of patients with CFS (age 50 or younger, no risk factors for coronary
artery disease) all had abnormal Holter readings, while 22.4 percent patients
without CFS had abnormal readings (p < 0.01). Mild left ventricular dysfunction
was noted in 8 of 60 patients. All 60 showed repetitively flat to inverted T waves
alternating with normal T waves. Stress multiple gated acquisitions (MUGAs)
(labeled erythrocytes with stannous pyrophosphate) were abnormal in eight
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patients. Although resting ejection fractions (EFs) were normal, with increasing
work loads, gross left ventricular dysfunction occurred.

Orthostatic Intolerance
Miwa K. Variability of postural orthostatic tachycardia in patients with myalgic
encephalomyelitis and orthostatic intolerance. Heart Vessels. 2015 Sep 15. PMID:
26374335
In ME patients with orthostatic intolerance, the exaggerated activation of the
sympathetic nervous system while standing appears to switch to the impaired
sympathetic activation after the system is loaded with the additional accentuated
stimuli associated with the preload reduction.
*
Eyskens JB, Nijs J, D'Août K, Sand A, Wouters K, Moorkens G. Timed loaded
standing in female chronic fatigue syndrome compared with other populations. J
Rehabil Res Dev. 2015;52(1):21-9. PMID: 26230614
The timed loaded standing (TLS) test scores were lower in patients with CFS than
in nondisabled controls.
*
Medow MS, Sood S, Messer Z, Dzogbeta S, Terilli C, Stewart JM. Phenylephrine
alteration of cerebral blood flow during orthostasis: effect on n-back performance
in chronic fatigue syndrome. J Appl Physiol (1985). 2014 Nov 15;117(10):1157-64.
PMID: 25277740
Compared with control subjects, CFS subjects are more sensitive both to
orthostatic challenge and to baroreflex/chemoreflex-mediated interventions.
*
Van Cauwenbergh D, Nijs J, Kos D, Van Weijnen L, Struyf F, Meeus M.
Malfunctioning of the autonomic nervous system in patients with chronic fatigue
13

syndrome: a systematic literature review. Eur J Clin Invest. 2014 May;44(5):51626. PMID: 24601948
Via a systematic literature review, the authors concluded that there are
differences in autonomous response between patients with CFS and healthy
controls. The heart rate dynamic response during the head-up tilt test differs
between patients with CFS and healthy controls, supporting the increased
prevalence of postural orthostatic tachycardia syndrome.
*
Reynolds GK, Lewis DP, Richardson AM, Lidbury BA. Comorbidity of postural
orthostatic tachycardia syndrome and chronic fatigue syndrome in an Australian
cohort. J Intern Med. 2014 Apr;275(4):409-17. PMID: 24206536
In an Australian sample of CFS patients, 11% also suffered from POTS. CFS-POTS
patients were significantly younger, had a shorter length of illness, experienced
greater task difficulty and were able to stand for significantly shorter periods
compared to the CFS-only patients. CFS-POTS patients experienced significantly
lower baseline diastolic blood pressure, significantly higher heart rate and lower
pulse pressures at each standing measurement. Early heart rate changes and
overall heart rate change were significant predictors of completion status,
whereas heart rate variability and female gender were significant predictors of
increased perceived task difficulty.
*
Nijs J, Ickmans K. Postural orthostatic tachycardia syndrome as a clinically
important subgroup of chronic fatigue syndrome: further evidence for central
nervous system dysfunctioning. J Intern Med. 2013 May;273(5):498-500. PMID:
23331489
Postural orthostatic tachycardia syndrome and its relationship to CFS is discussed.
*
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Lewis I, Pairman J, Spickett G, Newton JL. Clinical characteristics of a novel
subgroup of chronic fatigue syndrome patients with postural orthostatic
tachycardia syndrome. J Intern Med. 2013 May;273(5):501-10. PMID: 23206180
CFS patients with POTS (13% of this sample) were younger, less fatigued, less
depressed and had reduced daytime hypersomnolence, compared with patients
without POTS. In addition, they exhibited greater orthostatic intolerance and
autonomic dysfunction.
*
Chirilă EL, Postolache P. Orthostatic intolerance and chronic fatigue syndrome-possible related conditions. Rev Med Chir Soc Med Nat Iasi. 2013 AprJun;117(2):388-93. PMID: 24340521
Many patients with chronic fatigue syndrome also had some form of orthostatic
intolerance. Some studies suggested that dysautonomia may be the common
problem in patients with these syndromes.
*
Okamoto LE, Raj SR, Peltier A, Gamboa A, Shibao C, Diedrich A, Black BK,
Robertson D, Biaggioni I. Neurohumoral and haemodynamic profile in postural
tachycardia and chronic fatigue syndromes. Clin Sci (Lond). 2012 Feb
1;122(4):183-92. PMID: 21906029
The authors compared CFS and POTS (postural tachycardia syndrome) patients,
concluding that most POTS patients met the criteria for CFS. CFS-POTS patients
have higher markers of sympathetic activation, but are part of the spectrum of
POTS. Targeting this sympathetic activation should be considered in the
treatment of these patients.
*
Benarroch EE. Postural tachycardia syndrome: a heterogeneous and multifactorial
disorder. Mayo Clin Proc. 2012 Dec;87(12):1214-25. PMID: 23122672
This paper provides a literature review on postural tachycardia syndrome (POTS),
including its role in CFS.
15

*
Allen J, Murray A, Di Maria C, Newton JL. Chronic fatigue syndrome and impaired
peripheral pulse characteristics on orthostasis--a new potential diagnostic
biomarker. Physiol Meas. 2012 Feb;33(2):231-41. PMID: 22273713
The researchers explored the clinical value of non-invasive optical multi-site
photoplethysmography (PPG) technology to assess cardiovascular responses to
standing.
*
Ocon AJ, Messer Z, Medow M, Stewart J. Increasing orthostatic stress impairs
neurocognitive functioning in Chronic Fatigue Syndrome with Postural
Tachycardia Syndrome. Clin Sci (Lond). 2011 Sep 15. PMID: 21919887
Increasing orthostatic stress combined with a cognitive challenge impairs the
neurocognitive abilities of working memory, accuracy, and information processing
in CFS/postural orthostatic tachycardia syndrome, but this is not related to
changes in cerebral blood flow velocity. Individuals with CFS/POTS should be
aware that orthostatic stress may impair their neurocognitive abilities.
*
Jones DE, Gray J, Frith J, Newton JL. Fatigue severity remains stable over time and
independently associated with orthostatic symptoms in chronic fatigue syndrome:
a longitudinal study. J Intern Med. 2011 Feb;269(2):182-8. PMID: 21073560
In CFS patients, intolerance is correlated with fatigue, and fatigue is worse in
mornings than later in the day.
*
Wyller VB, Barbieri R, Saul JP. Blood pressure variability and closed-loop
baroreflex assessment in adolescent chronic fatigue syndrome during supine rest
and orthostatic stress. Eur J Appl Physiol. 2011 Mar;111(3):497-507. PMID:
20890710
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CFS in adolescents is characterized by reduced systolic blood pressure variability
and a sympathetic predominance of baroreflex heart rate control during
orthostatic stress.
*
Costigan A, Elliott C, McDonald C, Newton JL. Orthostatic symptoms predict
functional capacity in chronic fatigue syndrome: implications for management.
QJM. 2010 Jun 9. PMID: 20534655
Treatment of orthostatic symptoms in CFS has the potential to improve functional
capacity and quality of life.
*
Hollingsworth KG, Jones DE, Taylor R, Blamire AM, Newton JL. Eur J Clin Invest.
Impaired cardiovascular response to standing in Chronic Fatigue Syndrome. 2010
May 20. PMID: 20497461
Heart problems in CFS cause orthostatic intolerance, meaning that symptoms get
worse when standing up.
*
Wyller VB, Barbieri R, Thaulow E, Saul JP. Enhanced vagal withdrawal during mild
orthostatic stress in adolescents with chronic fatigue. Ann Noninvasive
Electrocardiol. 2008 Jan;13(1):67-73. PMID: 18234008
CFS patients have heart problems, emerging during mild orthostatic
stress. Possible underlying mechanisms include low blood volume and
abnormalities of reflex mechanisms.
*
Hoad A, Spickett G, Elliott J, Newton J. Postural orthostatic tachycardia syndrome
is an under-recognized condition in chronic fatigue syndrome. QJM. 2008
Dec;101(12):961-5. PMID: 18805903
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Postural orthostatic tachycardia syndrome (POTS), with abnormally high heart
rate on standing, is a frequent finding in patients with CFS/ME and results in
fatigue.
*
Galland BC, Jackson PM, Sayers RM, Taylor BJ. A matched case control study of
orthostatic intolerance in children/adolescents with chronic fatigue syndrome.
Pediatr Res. 2008 Feb;63(2):196-202. PMID: 18091356
CFS patients were more susceptible to orthostatic intolerance, with the unique
manifestation of postural orthostatic tachychardia syndrome.
*
Wyller VB, Saul JP, Walløe L, Thaulow E. Sympathetic cardiovascular control
during orthostatic stress and isometric exercise in adolescent chronic fatigue
syndrome. Eur J Appl Physiol. 2008 Apr;102(6):623-32. PMID: 18066580
Adolescents with CFS have increased sympathetic activity at rest with
exaggerated cardiovascular response to orthostatic stress, but attenuated
cardiovascular response when performing isometric exercise during orthostatic
stress.
*
Agarwal AK, Garg R, Ritch A, Sarkar P. Postural orthostatic tachycardia syndrome.
Postgrad Med J. 2007 Jul;83(981):478-80. PMID: 17621618
The clinical picture, diagnosis, and management of POTS are discussed.
*
Wyller VB, Saul JP, Amlie JP, Thaulow E. Sympathetic predominance of
cardiovascular regulation during mild orthostatic stress in adolescents with
chronic fatigue. Clin Physiol Funct Imaging. 2007 Jul;27(4):231-8. PMID: 17564672
Adolescents with CFS have sympathetic predominance of cardiovascular
regulation during very mild orthostatic stress.
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*
Tanaka H. Autonomic function and child chronic fatigue syndrome. Nihon Rinsho.
2007 Jun;65(6):1105-12. PMID: 17561705
Autonomic function might be partly involved in CFS such as orthostatic
dysfunction, but its priority in causing CFS is unclear.
*
Natelson BH, Intriligator R, Cherniack NS, Chandler HK, Stewart JM. Hypocapnia is
a biological marker for orthostatic intolerance in some patients with chronic
fatigue syndrome. Dyn Med. 2007 Jan 30;6:2. PMID: 17263876
A substantial number of CFS patients have orthostatic intolerance in the form of
orthostatic hypocapnia.
*
Naschitz JE, Yeshurun D, Rosner I. Dysautonomia in chronic fatigue syndrome:
facts, hypotheses, implications. Med Hypotheses. 2004;62(2):203-6. PMID:
14962627
The authors hypothesize that dysautonomia is pivotal in the pathophysiology CFS
and that manipulating the autonomic nervous system may be an effective
treatment.
*
Peckerman A, LaManca JJ, Qureishi B, Dahl KA, Golfetti R, Yamamoto Y, Natelson
BH. Baroreceptor reflex and integrative stress responses in chronic fatigue
syndrome. Psychosom Med. 2003 Sep-Oct;65(5):889-95. PMID: 14508037
In CFS, deficiencies in orthostatic regulation, but not in centrally mediated stress
responses, may involve the baroreceptor reflex.
*
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Khan F, Spence V, Kennedy G, Belch JJ. Prolonged acetylcholine-induced
vasodilatation in the peripheral microcirculation of patients with chronic fatigue
syndrome. Clin Physiol Funct Imaging. 2003 Sep;23(5):282-5. PMID: 12950326
Prolongation of acetylcholine-induced vasodilatation is suggestive of a
disturbance to cholinergic pathways, perhaps within the vascular endothelium of
patients with CFS, and might be related to some of the unusual vascular
symptoms, such as hypotension and orthostatic intolerance, which are
characteristic of the condition.
*
Tanaka H, Matsushima R, Tamai H, Kajimoto Y. Impaired postural cerebral
hemodynamics in young patients with chronic fatigue with and without
orthostatic intolerance. J Pediatr. 2002 Apr;140(4):412-7. PMID: 12006954
In a study of CFS patients, orthostatic intolerance determined by cardiovascular
responses to standing was observed in 16 of 28 patients: instantaneous
orthostatic hypotension in 8, delayed orthostatic hypotension in 2, and postural
orthostatic tachycardia in 6. A rapid recovery of oxy-Hb by near infrared
spectroscopy at the onset of active standing was not found in 15 of 16 patients
with chronic fatigue and orthostatic intolerance and in 6 of 12 patients with
chronic fatigue without orthostatic intolerance but only in 2 of 20 control
subjects. Thirteen of 16 patients with orthostatic intolerance showed prolonged
reduction in oxy-Hb during standing.
*
Naschitz JE, Sabo E, Naschitz S, Shaviv N, Rosner I, Rozenbaum M, Gaitini L,
Ahdoot A, Ahdoot M, Priselac RM, Eldar S, Zukerman E, Yeshurun D.
Hemodynamic instability in chronic fatigue syndrome: indices and diagnostic
significance. Semin Arthritis Rheum. 2001 Dec;31(3):199-208. PMID: 11740800
The hemodynamic instability score, related to cardiovascular response to postural
challenge, adds objective criteria confirming the diagnosis of CFS.
*
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Stewart JM. Autonomic nervous system dysfunction in adolescents with postural
orthostatic tachycardia syndrome and chronic fatigue syndrome is characterized
by attenuated vagal baroreflex and potentiated sympathetic vasomotion. Pediatr
Res. 2000 Aug;48(2):218-26. PMID: 10926298
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abbreviated exercise capacity characterized by slow acceleration of heart rate and
fatigue of exercising muscles long before peak heart rate is achieved.
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abundance of 6 of the 9 major bacterial phyla/genera in ME/CFS patients from
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showed significant decreases from Day 1 to Day 2 in oxygen consumption (VO2)
peak, heart rate (HR) peak, minute ventilation (Ve) peak, and workload (Work) at
peak. Decreases in ventilatory threshold (VT) measures included VO2@VT
(15.8%), Ve@VT (7.4%), and Work@VT (21.3%). Peak respiratory exchange ratio
was high and did not differ between tests, indicating maximum effort by
participants during both CPETs. If data from only a single CPET test is used, a
standard classification of functional impairment based on VO2peak or VO2@VT
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Patients with chronic fatigue syndrome have normal resting cardiac function but a
markedly abbreviated exercise capacity characterized by slow acceleration of
heart rate and fatigue of exercising muscles long before peak heart rate is
achieved.

Oxidative Stress and Inflammation
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the Toll-Like Receptor Radical Cycle, and decreased antioxidant levels.
54

Consequences of chronically activated O&NS and immune-inflammatory
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than in normal controls. There was a trend towards significantly higher serum
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anti-inflammatory cytokine. Although the changes were small, they may
contribute to the common complaint in CFS patients of disrupted sleep.
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some (LTalpha, IL-1alpha, IL-1beta, IL-4, IL-5, IL-6 and IL-12) and decreases in
others (IL-8, IL-13 and IL-15). Some of these have the potential of serving as
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Nijs J, Frémont M. Intracellular immune dysfunction in myalgic
encephalomyelitis/chronic fatigue syndrome: state of the art and therapeutic
implications. Expert Opin Ther Targets. 2008 Mar;12(3):281-9. PMID: 18269338
Proteolytic cleavage of the native RNase L enzyme is characteristic of the
dysregulation of intracellular immunity in CFS.
*
Bisbal C, Silverman RH. Diverse functions of RNase L and implications in
pathology. Biochimie. 2007 Jun-Jul;89(6-7):789-98. PMID: 17400356
The role of RNase-L, known to be dysfunctional in CFS, is discussed.
*
Nijs J, De Meirleir K. Impairments of the 2-5A synthetase/RNase L pathway in
chronic fatigue syndrome. In Vivo. 2005 Nov-Dec;19(6):1013-21. PMID: 16277015
The 2-5A synthetase/RNase L pathway in CFS patients appears to be both upregulated (i.e. increased levels of bioactive 2-5A synthetase and increased activity
of the RNase L enzyme) and deregulated (elastase and calpain initiate 83 kDa
RNase L proteolysis, generating two major fragments with molecular masses of 37
and 30 kDa, respectively). The deregulation of the 2-5A synthetase/RNase L
pathway in CFS accompanies decreased NK-function and deregulation of
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apoptotic pathways. Various components of the pathway appear to be related to
performance during a graded exercise stress test.
*
Frémont M, El Bakkouri K, Vaeyens F, Herst CV, De Meirleir K, Englebienne P. 2',5'Oligoadenylate size is critical to protect RNase L against proteolytic cleavage in
chronic fatigue syndrome. Exp Mol Pathol. 2005 Jun;78(3):239-46. PMID:
15924878
CFS patients have disruptions in immune activity in the form of a dysregulation in
the 2',5'-oligoadenylate (2-5A)-dependent RNase L antiviral pathway in peripheral
blood mononuclear cells (PBMC) of CFS. This is characterized by upregulated 2-5A
synthetase and RNase L activities, as well as by the presence of a low molecular
weight (LMW) 2-5A-binding protein of 37-kDa related to RNase L.
*
Tiev KP, Demettre E, Ercolano P, Bastide L, Lebleu B, Cabane J. RNase L levels in
peripheral blood mononuclear cells: 37-kilodalton/83-kilodalton isoform ratio is a
potential test for chronic fatigue syndrome. Clin Diagn Lab Immunol. 2003
Mar;10(2):315-6. PMID: 12626460
In the absence of acute infection or chronic inflammation, a high RNase L ratio
could distinguish CFS patients from healthy volunteers.
*
Demettre E, Bastide L, D'Haese A, De Smet K, De Meirleir K, Tiev KP, Englebienne
P, Lebleu B. Ribonuclease L proteolysis in peripheral blood mononuclear cells of
chronic fatigue syndrome patients. J Biol Chem. 2002 Sep 20;277(38):35746-51.
PMID: 12118002
A 37-kDa binding polypeptide accumulates in peripheral blood mononuclear cell
(PBMC) extracts from CFS patients and is being considered as a potential
diagnostic marker. The authors establish here that this low molecular weight 25A-binding polypeptide is a truncated form of the native 2-5A-dependent
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ribonuclease L (RNase L), generated by an increased proteolytic activity in CFS
PBMC extracts.
*
Snell CR, Vanness JM, Strayer DR, Stevens SR. Physical performance and
prediction of 2-5A synthetase/RNase L antiviral pathway activity in patients with
chronic fatigue syndrome. In Vivo. 2002 Mar-Apr;16(2):107-9. PMID:12073768
Amongst a group of CFS patients, a group with elevated Rnase L had a lower peak
V02 and duration than the normal group, but a higher performance score. The
results suggest that both exercise testing and the RNase L biomarker have
potential to aid in the diagnosis of CFS.
*
Shetzline SE, Martinand-Mari C, Reichenbach NL, Buletic Z, Lebleu B, Pfleiderer W,
Charubala R, De Meirleir K, De Becker P, Peterson DL, Herst CV, Englebienne P,
Suhadolnik RJ. Structural and functional features of the 37-kDa 2-5A-dependent
RNase L in chronic fatigue syndrome. J Interferon Cytokine Res. 2002
Apr;22(4):443-56. PMID: 12034027
A 2',5'-oligoadenylate (2-5A)-dependent 37-kDa form of RNase L has been
reported in extracts of peripheral blood mononuclear cells (PBMC) from
individuals with chronic fatigue syndrome (CFS). The authors examined the
biochemical relationship between the 80-kDa RNase L in healthy control PBMC
and the 37-kDa RNase L in PBMC from individuals with CFS.
*
Vojdani A, Choppa PC, Lapp CW. Downregulation of RNase L inhibitor correlates
with upregulation of interferon-induced proteins (2-5A synthetase and RNase L) in
patients with chronic fatigue immune dysfunction syndrome. J Clin Lab Immunol.
1998;50(1):1-16. PMID: 10189612
We investigated the levels of 2-5A synthetase, RNase L and RLI in patients with
CFIDS and found a statistically significant decrease in RLI mRNA. The increased
activation of RNase L may result in an increased cellular RNA turnover and
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subsequent inhibition of protein synthesis; thus resulting in general fatigue,
myalgia muscle weakness and other symptomatologies shown in CFIDS patients.
*
Suhadolnik RJ, Peterson DL, O'Brien K, Cheney PR, Herst CV, Reichenbach NL, Kon
N, Horvath SE, Iacono KT, Adelson ME, De Meirleir K, De Becker P, Charubala R,
Pfleiderer W. Biochemical evidence for a novel low molecular weight 2-5Adependent RNase L in chronic fatigue syndrome. J Interferon Cytokine Res. 1997
Jul;17(7):377-85. PMID: 9243369
The authors present evidence suggesting that the RNase L enzyme dysfunction in
CFS is more complex than previously reported.
*
Suhadolnik RJ, Reichenbach NL, Hitzges PM, Ablashi DV, Strayer DR, Carter WA.
RNA drug therapy acting via the 2-5A synthetase/RNase L pathway. Ann N Y Acad
Sci. 1993 Jun 23;685:756-7. PMID: 8363281

Mitochondria
Armstrong CW, McGregor NR, Butt HL, Gooley PR. Metabolism in chronic fatigue
syndrome. Adv Clin Chem. 2014;66:121-72. PMID: 25344988
Studies on metabolism and CFS suggest irregularities in energy metabolism,
amino acid metabolism, nucleotide metabolism, nitrogen metabolism, hormone
metabolism, and oxidative stress metabolism. The overwhelming body of
evidence suggests an oxidative environment with the minimal utilization of
mitochondria for efficient energy production. This is coupled with a reduced
excretion of amino acids and nitrogen in general.
*
Morris G, Maes M. Mitochondrial dysfunctions in myalgic
encephalomyelitis/chronic fatigue syndrome explained by activated immuno78

inflammatory, oxidative and nitrosative stress pathways. Metab Brain Dis. 2014
Mar;29(1):19-36. PMID: 24557875
ME/CFS is an neuro-immune disorder accompanied by chronic low-grade
inflammation, increased levels of oxidative and nitrosative stress (O&NS), O&NSmediated damage to fatty acids, DNA and proteins, autoimmune reactions
directed against neoantigens and brain disorders. Mitochondrial dysfunctions
have been found in ME/CFS, e.g. lowered ATP production, impaired oxidative
phosphorylation and mitochondrial damage. This paper reviews the pathways
that may explain mitochondrial dysfunctions in ME/CFS.
*
Morris G, Maes M. Myalgic encephalomyelitis/chronic fatigue syndrome and
encephalomyelitis disseminata/multiple sclerosis show remarkable levels of
similarity in phenomenology and neuroimmune characteristics. BMC Med. 2013
Sep 17;11:205. PMID: 24229326
Mitochondrial dysfunctions, including lowered levels of ATP, decreased
phosphocreatine synthesis and impaired oxidative phosphorylation, are heavily
involved in the pathophysiology of both MS and ME/CFS. The findings produced
by neuroimaging techniques are quite similar in both illnesses and show
decreased cerebral blood flow, atrophy, gray matter reduction, white matter
hyperintensities, increased cerebral lactate and choline signaling and lowered
acetyl-aspartate levels.
*
Meeus M, Nijs J, Hermans L, Goubert D, Calders P. The role of mitochondrial
dysfunctions due to oxidative and nitrosative stress in the chronic pain or chronic
fatigue syndromes and fibromyalgia patients: peripheral and central mechanisms
as therapeutic targets? Expert Opin Ther Targets. 2013 Sep;17(9):1081-9. PMID:
23834645
The current evidence regarding oxidative and nitrosative stress and mitochondrial
dysfunction in CFS and FM is presented in relation to chronic widespread pain.
*
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Castro-Marrero J, Cordero MD, Sáez-Francas N, Jimenez-Gutierrez C, AguilarMontilla FJ, Aliste L, Alegre-Martin J. Could mitochondrial dysfunction be a
differentiating marker between chronic fatigue syndrome and fibromyalgia?
Antioxid Redox Signal. 2013 Nov 20;19(15):1855-60. PMID: 23600892
The researchers looked at the possible association between mitochondrial
biogenesis and oxidative stress in patients with CFS vs. patients with fibromyalgia
(FM) and healthy controls. Compared to controls, both CFS and FM patients had
decreased levels of Coenzyme Q10, decreased ATP levels, and increased levels of
lipid peroxidation. Several measures (mitochondrial citrate synthase activity,
mitochondrial DNA content and expression levels of peroxisome proliferatoractivated receptor gamma-coactivator 1-alpha and transcription factor A,
mitochondrial by immunoblotting) were significantly lower in FM patients than
either CFS patients or controls.
*
Booth NE, Myhill S, McLaren-Howard J. Mitochondrial dysfunction and the
pathophysiology of Myalgic Encephalomyelitis/Chronic Fatigue Syndrome
(ME/CFS). Int J Clin Exp Med. 2012;5(3):208-20. PMID: 22837795
Researchers found that all CFS patients tested had measurable mitochondrial
dysfunction, correlating with the severity of the illness. The patients divide into
two main groups differentiated by how cellular metabolism attempts to
compensate for the dysfunction. The major immediate causes of the dysfunction
are lack of essential substrates and partial blocking of the translocator protein
sites in mitochondria.
*
Maes M, Mihaylova I, 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(4):470-6. PMID: 20010505
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CFS patients have very low levels of CoQ10, a mitochondrial nutrient that acts as a
cofactor for ATP production and has antioxidant effects. This may be related to
increased mortality from chronic heart failure in the disease.
*
Pietrangelo T, Mancinelli R, Toniolo L, Montanari G, Vecchiet J, Fanò G, Fulle S.
Transcription profile analysis of vastus lateralis muscle from patients with chronic
fatigue syndrome. Int J Immunopathol Pharmacol. 2009 Jul-Sep;22(3):795-807.
PMID: 19822097
The expression of a number of genes in CFS are altered, including ones related to
mitochondrial function and oxidative balance, energy production, muscular
trophism, and neuromuscular transmission.
*
Hokama Y, Campora CE, Hara C, Kuribayashi T, Le Huynh D, Yabusaki K.
Anticardiolipin antibodies in the sera of patients with diagnosed chronic fatigue
syndrome. J Clin Lab Anal. 2009;23(4):210-2. PMID: 19623655
Anticardiolipin antibodies (an anti-mitochondrial antibody found in specific other
diseases) were detected in an extremely high percentage of CFS patients.
*
Myhill S, Booth NE, McLaren-Howard J. Chronic fatigue syndrome and
mitochondrial dysfunction. Int J Clin Exp Med. 2009;2(1):1-16. PMID: 19436827
Mitochondrial dysfunction is strongly associated with CFS.
*
Mathew SJ, Mao X, Keegan KA, Levine SM, Smith EL, Heier LA, Otcheretko V,
Coplan JD, Shungu DC. Ventricular cerebrospinal fluid lactate is increased in
chronic fatigue syndrome compared with generalized anxiety disorder: an in vivo
3.0 T (1)H MRS imaging study. NMR Biomed. 2009 Apr;22(3):251-8. PMID:
18942064
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Compared to healthy controls and sufferers of anxiety disorder, CFS patients have
significantly raised concentrations of ventricular lactate in their spinal fluid. The is
potentially related to decreased cortical blood flow, secondary mitochondrial
dysfunction and oxidative stress abnormalities.
*
Hokama Y, Empey-Campora C, Hara C, Higa N, Siu N, Lau R, Kuribayashi T,
Yabusaki K. Acute phase phospholipids related to the cardiolipin of mitochondria
in the sera of patients with chronic fatigue syndrome (CFS), chronic Ciguatera fish
poisoning (CCFP), and other diseases attributed to chemicals, Gulf War, and
marine toxins. J Clin Lab Anal. 2008;22(2):99-105. PMID: 18348309
Patients with CFS, chronic Ciguatera fish poisoning and Gulf War Illness were all
more likely to demonstrate anticardiolipin antibody, associated with
mitochondrial dysfunction.

Natural Killer Cells
Huth TK, Brenu EW, Ramos S, Nguyen T, Broadley S, Staines D, Marshall-Gradisnik
S. Pilot Study of Natural Killer Cells in Chronic Fatigue Syndrome/Myalgic
Encephalomyelitis and Multiple Sclerosis. Scand J Immunol. 2016 Jan;83(1):44-51.
PMID: 26381393
Co-expression of CD57 and perforin was significantly increased on CD56(dim)
CD16(+) NK cells from patients with CFS/ME compared to the MS and nonfatigued control participants. NK cells from patients with CFS/ME and MS may
have undergone increased differentiation in response to external stimuli which
may affect different mechanisms in the NK cell cytotoxic activity pathway.
*
Petty RD, McCarthy NE, Le Dieu R, Kerr JR. MicroRNAs hsa-miR-99b, hsa-miR-330,
hsa-miR-126 and hsa-miR-30c: Potential Diagnostic Biomarkers in Natural Killer
(NK) Cells of Patients with Chronic Fatigue Syndrome (CFS)/ Myalgic
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Encephalomyelitis (ME). PLoS One. 2016 Mar 11;11(3):e0150904. PMID:
26967895
This study demonstrates altered microRNA expression in the peripheral blood
mononuclear cells of CFS/ME patients, which are potential diagnostic biomarkers.
The greatest degree of miRNA deregulation was identified in NK cells with targets
consistent with cellular activation and altered effector function.
*
Huth TK, Brenu EW, Ramos S, Nguyen T, Broadley S, Staines D, Marshall-Gradisnik
S. Pilot Study of Natural Killer Cells in Chronic Fatigue Syndrome/Myalgic
Encephalomyelitis and Multiple Sclerosis. Scand J Immunol. 2016 Jan;83(1):44-51.
PMID: 26381393
Co-expression of CD57 and perforin was significantly increased on CD56(dim)
CD16(+) NK cells from patients with CFS/ME compared to the MS and nonfatigued control participants. The results suggest that NK cells from patients with
CFS/ME and MS may have undergone increased differentiation in response to
external stimuli which may affect different mechanisms in the NK cell cytotoxic
activity pathway.
*
Brenu EW, van Driel ML, Staines DR, Ashton KJ, Hardcastle SL, Keane J, Tajouri L,
Peterson D, Ramos SB, Marshall-Gradisnik SM. Longitudinal investigation of
natural killer cells and cytokines in chronic fatigue syndrome/myalgic
encephalomyelitis. J Transl Med. 2012 May 9;10:88. PMID: 22571715
This study’s results confirm decreases in immune function in CFS/ME patients,
suggesting an increased susceptibility to viral and other infections. Furthermore,
NK cytotoxic activity may be a suitable biomarker for diagnosing CFS/ME as it was
consistently decreased during the course of the 12 months study.
*
Fletcher MA, Zeng XR, Maher K, Levis S, Hurwitz B, Antoni M, Broderick G, Klimas
NG. Biomarkers in chronic fatigue syndrome: evaluation of natural killer cell
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function and dipeptidyl peptidase IV/CD26. PLoS One. 2010 May 25;5(5):e10817.
PMID: 20520837
CFS patients display abnormal natural killer cell function, and this has potential as
a biomarker for CFS.
*
Siegel SD, Antoni MH, Fletcher MA, Maher K, Segota MC, Klimas N. Impaired
natural immunity, cognitive dysfunction, and physical symptoms in patients with
chronic fatigue syndrome: preliminary evidence for a subgroup? J Psychosom Res.
2006 Jun;60(6):559-66. PMID: 16731230
Relative to CFS patients with normal Natural Killer Cell Activity (NKCA), low-NKCA
patients reported less vigor, more daytime dysfunction, and more cognitive
impairment. In addition, low-NKCA patients performed less on objective measures
of cognitive functioning relative to normal-NKCA patients.
*
Robertson MJ, Schacterle RS, Mackin GA, Wilson SN, Bloomingdale KL, Ritz J,
Komaroff AL. Lymphocyte subset differences in patients with chronic fatigue
syndrome, multiple sclerosis and major depression. Clin Exp Immunol. 2005
Aug;141(2):326-32. PMID: 15996197
Compared to patients with multiple sclerosis, patients with CFS had greater
numbers of CD16(+)/CD3(-) NK cells.
*
Ogawa M, Nishiura T, Yoshimura M, Horikawa Y, Yoshida H, Okajima Y,
Matsumura I, Ishikawa J, Nakao H, Tomiyama Y, Kanayama Y, Kanakura Y,
Matsuzawa Y. Decreased nitric oxide-mediated natural killer cell activation in
chronic fatigue syndrome. Eur J Clin Invest. 1998 Nov;28(11):937-43. PMID:
9824439
In healthy control subjects, NK activity was significantly increased after treatment
with L-Arg, an NK function enhancer, for 24 h, whereas the same treatment failed
to enhance NK activity in the CFS patients. Further study results demonstrate that
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the L-Arg-induced activation of NK activity is mediated by NO and that a possible
dysfunction exists in the NO-mediated NK cell activation in CFS patients.
*
Whiteside TL, Friberg D. Natural killer cells and natural killer cell activity in chronic
fatigue syndrome. Am J Med. 1998 Sep 28;105(3A):27S-34S. PMID: 9790479
Low levels of natural killer cell activity have been reported in a significant
percentage of cases in CFS.
*
Levine PH, Whiteside TL, Friberg D, Bryant J, Colclough G, Herberman RB.
Dysfunction of natural killer activity in a family with chronic fatigue syndrome.
Clin Immunol Immunopathol. 1998 Jul;88(1):96-104. PMID: 9683556
Low NK activity some families may be a result of a genetically determined
immunologic abnormality predisposing to CFS and cancer.
*
Ojo-Amaize EA, Conley EJ, Peter JB. Decreased natural killer cell activity is
associated with severity of chronic fatigue immune dysfunction syndrome. Clin
Infect Dis. 1994 Jan;18 Suppl 1:S157-9. PMID: 8148445
This data suggest a correlation between low levels of natural killer cell activity and
severity of CFS.
*
Aoki T, Miyakoshi H, Usuda Y, Herberman RB. Low NK syndrome and its
relationship to chronic fatigue syndrome. Clin Immunol Immunopathol. 1993
Dec;69(3):253-65. PMID: 8242898
Low natural killer cell function is associated with CFS.
*
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Uchida A. Chronic fatigue immune dysfunction syndrome. Nihon Rinsho. 1992
Nov;50(11):2625-9. PMID: 1287238
Restoration of NK activity was correlated with recovery from CFS in patients.
*
Morrison LJ, Behan WH, Behan PO. Changes in natural killer cell phenotype in
patients with post-viral fatigue syndrome. Clin Exp Immunol. 1991 Mar;83(3):4416. PMID: 1706238
Authors found increased percentages of CD56+, and especially CD56bright+ NK
cells in post-viral fatigue patients patients. They also found significantly increased
percentages of CD56+ high affinity interleukin-2 (IL-2) receptor (CD25)+ and
CD56+ transferrin receptor (CD71+) subsets of cells, most of which also stained
brightly for CD56. They also found an increased percentage of CD56+ CD3+ cells,
many of which stained brightly for CD56, although there was no increase in the
percentage of CD56- CD3+ T cells in these patients. There also was a very low
percentage of CD56- CD25+ cells and a decreased percentage of CD56+ Fc gamma
receptor (CD16)+ NK cells.
*
Caligiuri M, Murray C, Buchwald D, Levine H, Cheney P, Peterson D, Komaroff AL,
Ritz J. Phenotypic and functional deficiency of natural killer cells in patients with
chronic fatigue syndrome. J Immunol. 1987 Nov 15;139(10):3306-13. PMID:
2824604
A majority of patients with CFS have low numbers of NKH1+T3- lymphocytes, a
population that represents the great majority of NK cells in normal individuals.
Patients with CFS consistently demonstrated low levels of killing. After activation
of cytolytic activity with recombinant interleukin 2, patients were able to display
increased killing against K562 but most patients remained unable to lyse EpsteinBarr virus-infected B cell targets. Additional cytotoxicity experiments were carried
out utilizing anti-T3 monoclonal antibody to block killing by NKH1+T3+ cells. These
experiments indicated that the NK cell that appears to be responsible for much of
the functional activity remaining in patients with CFS belongs to the NKH1+T3+
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subset, which under normal circumstances represents only approximately 20% of
the NK cell population.

Immune Abnormalities
Brenu EW, Broadley S, Nguyen T, Johnston S, Ramos S, Staines D, MarshallGradisnik S. A Preliminary Comparative Assessment of the Role of CD8+ T Cells
in Chronic Fatigue Syndrome/Myalgic Encephalomyelitis and Multiple Sclerosis. J
Immunol Res. 2016;2016:9064529. PMID: 26881265
The study suggests significant deficits in the expression of receptors and adhesion
molecules on subsets of CD8+ T cells in both MS and CFS/ME patients.
*
Keijmel SP, Raijmakers RP, Bleeker-Rovers CP, van der Meer JW, Netea
MG, Schoffelen T, van Deuren M.Altered interferon-γ response in patients with Qfever fatigue syndrome. J Infect. 2016 Apr;72(4):478-85. PMID: 26820634
Researchers explored the specific IFNγ production and IFNγ/IL-2 ratio in Q-fever
fatigue syndrome (similar to CFS) patients. Results point to an altered cellmediated immunity in QFS, and suggest a different immune response than
in chronic Q-fever.
*
Maes M, Bosmans E, Kubera M. Increased expression of activation antigens on
CD8+ T lymphocytes in Myalgic Encephalomyelitis/chronic fatigue syndrome:
inverse associations with lowered CD19+ expression and CD4+/CD8+ ratio, but no
associations with (auto)immune, leaky gut, oxidative and nitrosative stress
biomarkers. Neuro Endocrinol Lett. 2015;36(5):439-46. PMID: 26707044
The study results support that a) increased CD38 and HLA-DR expression on CD8+
T cells are biomarkers of ME/CFS; b) increased CD38 antigen expression may
contribute to suppression of the CD4+/CD8+ ratio and CD19+ expression; c) there
are different immune subgroups of ME/CFS patients, e.g. increased CD8+
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activation marker expression versus inflammation or O&NS processes; and d) viral
infections or reactivation may play a role in a some ME/CFS patients.
*
Mensah F, Bansal A, Berkovitz S, Sharma A, Reddy V, Leandro MJ, Cambridge G.
Extended B-cell phenotype in patients with Myalgic Encephalomyelitis/Chronic
Fatigue Syndrome: A cross-sectional study. Clin Exp Immunol. 2015 Dec 8. PMID:
26646713
The authors identified possible changes in B-cell phenotype in patients with
ME/CFS. These may reflect altered B-cell function and if confirmed in other
patient cohorts, could provide a platform for studies based on clinical course or
responsiveness to rituximab-therapy.
*
Guenther S, Loebel M, Mooslechner AA, Knops M, Hanitsch LG, Grabowski
P, Wittke K, Meisel C, Unterwalder N, Volk HD, Scheibenbogen C. Frequent IgG
subclass and mannose binding lectin deficiency in patients with chronic fatigue
syndrome. Hum Immunol. 2015 Oct;76(10):729-35. PMID: 26429318
The authors retrospectively analysed 300 patients with CFS for immunoglobulin
and mannose binding lectin (MBL) levels, and B-cell subset frequencies. 25% of
the CFS patients had decreased serum levels of at least one antibody class or
subclass with IgG3 and IgG4 subclass deficiencies as most common phenotypes.
They found elevated immunoglobulin levels with an excess of IgM and IgG2 in
particular in another 25% of patients. Deficiency of MBL was found in 15% of the
CFS patients in contrast to 6% in a historical control group. Thus, humoral immune
defects are frequent in CFS patients and are associated with infections of the
respiratory tract.
*
Loebel M, Grabowski P, Heidecke H, Bauer S, Hanitsch LG, Wittke K, Meisel
C, Reinke P, Volk HD, Fluge Ø, Mella O,Scheibenbogen C. Antibodies to β
adrenergic and muscarinic cholinergic receptors in patients with Chronic Fatigue
Syndrome. Brain Behav Immun. 2016 Feb;52:32-9. PMID: 26399744
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Serum samples from a patient cohort from Berlin (n=268) and from Bergen with
pre- and post-treatment samples from 25 patients treated within the KTS-2
rituximab trial were analysed for IgG against human α and β adrenergic,
muscarinic (M) 1-5 acetylcholine, dopamine, serotonin, angiotensin, and
endothelin receptors by ELISA and compared to a healthy control cohort (n=108).
Antibodies against β2, M3 and M4 receptors were significantly elevated in CFS
patients compared to controls. A high correlation was found between levels of
autoantibodies and elevated IgG1-3 subclasses, but not with IgG4. Patients with
high β2 antibodies had significantly more frequently activated HLA-DR+ T cells
and more frequently thyreoperoxidase and anti-nuclear antibodies.
*
Hardcastle SL, Brenu EW, Johnston S, Nguyen T, Huth T, Ramos S, Staines
D, Marshall-Gradisnik S. Longitudinal analysis of immune abnormalities in varying
severities of Chronic Fatigue Syndrome/Myalgic Encephalomyelitis patients. J
Transl Med. 2015 Sep 14;13:299. PMID: 26370228
Severe CFS/ME patients differed from controls and moderate CFS/ME patients
over time and expressed significant alterations in iNKT cell phenotypes, CD8(+)T
cell markers, NK cell receptors and γδT cells at 6 months.
*
Fluge Ø, Risa K, Lunde S, Alme K, Rekeland IG, Sapkota D, Kristoffersen EK, Sørland
K, Bruland O, Dahl O, Mella O. B-Lymphocyte Depletion
in Myalgic Encephalopathy/ Chronic Fatigue Syndrome. An Open-Label Phase II
Study with Rituximab Maintenance Treatment. PLoS One. 2015 Jul
1;10(7):e0129898. PMID: 26132314
In a subgroup of ME/CFS patients, prolonged B-cell depletion with rituximab
maintenance infusions was associated with sustained clinical responses. The
observed patterns of delayed responses and relapse after B-cell depletion and
regeneration, a three times higher disease prevalence in women than in men, and
a previously demonstrated increase in B-cell lymphoma risk for elderly ME/CFS
patients, suggest that ME/CFS may be a variant of an autoimmune disease.
*
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Hornig M, Montoya JG, Klimas NG, Levine S, Felsenstein D, Bateman L, Peterson
DL, Gottschalk CG, Schultz AF, Che X, Eddy ML, Komaroff AL, Lipkin WI. Distinct
plasma immune signatures in ME/CFS are present early in the course of illness. Sci
Adv. 2015 Feb;1(1). pii: e1400121. PMID: 26079000
The authors leveraged two large, multicenter cohort studies of ME/CFS to assess
the relationship of immune signatures with diagnosis, illness duration, and other
clinical variables. Early ME/CFS cases had a prominent activation of both pro- and
anti-inflammatory cytokines as well as dissociation of intercytokine regulatory
networks.
*
Hardcastle SL, Brenu EW, Johnston S, Nguyen T, Huth T, Wong N, Ramos S, Staines
D, Marshall-Gradisnik S. Characterisation of cell functions and receptors
in Chronic Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/ME). BMC
Immunol. 2015 Jun 2;16:35. PMID: 26032326
CFS/ME patients exhibited alterations in NK receptors and adhesion markers and
receptors on CD4(+)T and CD8(+)T cells. Moderate CFS/ME patients had increased
CD8(+) CD45RA effector memory T cells, SLAM expression on NK cells, KIR2DL5(+)
on CD4(+)T cells and BTLA4(+) on CD4(+)T central memory cells. Moderate
CFS/ME patients also had reduced CD8(+)T central memory LFA-1, total CD8(+)T
KLRG1, naïve CD4(+)T KLRG1 and CD56(dim)CD16(-) NK cell CD2(+) and
CD18(+)CD2(+). Severe CFS/ME patients had increased CD18(+)CD11c(-) in the
CD56(dim)CD16(-) NK cell phenotype and reduced NKp46 in
CD56(bright)CD16(dim) NK cells.
*
Gambuzza ME, Salmeri FM, Soraci L, Soraci G, Sofo V, Marino S, Bramanti P. The
Role of Toll-Like Receptors in Chronic Fatigue Syndrome/Myalgic
Encephalomyelitis: A New Promising Therapeutic Approach? CNS Neurol Disord
Drug Targets. 2015;14(7):903-14. PMID: 25808894
The paper examines the role of TLR-mediated innate immunity in CFS/ME with
evaluation of the current literature, also discussing about innovative therapeutic
approaches represented by immunomodulators TLR-targeting.
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*
Nijs J, Nees A, Paul L, De Kooning M, Ickmans K, Meeus M, Van Oosterwijck J.
Altered immune response to exercise in patients with chronic fatigue
syndrome/myalgic encephalomyelitis: a systematic literature review. Exerc
Immunol Rev. 2014;20:94-116. PMID: 24974723
Compared to the normal response of the immune system to exercise as seen in
healthy subjects, patients with CFS have a more pronounced response in the
complement system (i.e. C4a split product levels), oxidative stress system (i.e.
enhanced oxidative stress combined with a delayed and reduced anti-oxidant
response), and an alteration in the immune cells' gene expression profile
(increases in post-exercise interleukin-10 and toll-like receptor 4 gene
expression), but not in circulating pro- or anti-inflammatory cytokines.
*
Loebel M, Strohschein K, Giannini C, Koelsch U, Bauer S, Doebis C, Thomas
S, Unterwalder N, von Baehr V, Reinke P, Knops M, Hanitsch LG, Meisel C, Volk
HD, Scheibenbogen C. Deficient EBV-specific B- and T-cell response in patients
with chronic fatigue syndrome. PLoS One. 2014 Jan 15;9(1):e85387. PMID:
24454857
Taken together, the findings of this study give evidence for a deficient EBVspecific B- and T-cell memory response in CFS patients and suggest an impaired
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*

114

Bowles NE, Bayston TA, Zhang HY, Doyle D, Lane RJ, Cunningham L, Archard LC.
Persistence of enterovirus RNA in muscle biopsy samples suggests that some
cases of chronic fatigue syndrome result from a previous, inflammatory viral
myopathy. J Med. 1993;24(2-3):145-60. PMID: 8409778
CFS may be a sequela of a previous inflammatory viral myopathy.
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*
Gow JW, Behan WM. Amplification and identification of enteroviral sequences in
the postviral fatigue syndrome. Br Med Bull. 1991 Oct;47(4):872-85. PMID:
1665380
A highly significant number of muscle biopsies from CFS patients were positive for
enteroviral sequences.
*
Gow JW, Behan WM, Clements GB, Woodall C, Riding M, Behan PO. Enteroviral
RNA sequences detected by polymerase chain reaction in muscle of patients with
postviral fatigue syndrome. BMJ. 1991 Mar 23;302(6778):692-6. PMID: 1850635
Persistent enteroviral infection of muscle may occur in some patients with
postviral fatigue syndrome.
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microorganisms related to disease.
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in the faecal microflora of chronic fatigue syndrome patients during the acute
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doxycycline.
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Eighty-three CFS patients (41.5 %) as compared with fourteen (7%) normal blood
donors tested positive for anti-B19 NS1 IgG. Of these 83 patients, 61 complained
of chronic joint pain, while 22 did not. Parvovirus B19 DNA was detected in serum
of 11 CFS patients and none of the controls by Taqman real-time PCR. Positivity
for anti-B19 NS1 IgG was associated with higher expression levels of the human
CFS-associated genes NHLH1 and GABPA.
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Some patients who get sick after a parvovirus B19 infection do not show
antibodies.
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In a study of CFS patients, six genes were found to be differentially expressed with
roles in the cytoskeleton (SKIP, MACF1, SPAG7, FLOT1), integrin signalling (FLOT1,
RASSF5), HLA class III (c6orf48), and tumour suppression (RASSF5). These results
have implications not only for B19 but also for other persistent viruses.
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The authors report the case of a young woman with recurrent fever and a
syndrome indistinguishable from chronic fatigue syndrome. After extensive
investigation, they found persistent parvovirus B19 viremia, which was detectable
by polymerase chain reaction (PCR) despite the presence of IgM and IgG
antibodies to parvovirus B19. The patient's fever resolved with the administration
of intravenous immunoglobulin.

Coxiella Burnetii
Strauss B, Löschau M, Seidel T, Stallmach A, Thomas A. Are fatigue symptoms and
chronic fatigue syndrome following Q fever infection related to psychosocial
variables? J Psychosom Res. 2012 Apr;72(4):300-4. PMID: 22405225
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Although in the researchers’ sample fatigue symptoms were common among Q
fever patients, they found no increased prevalence of CFS in contrast to several
other studies.
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Dec;44(12):1258-63. PMID: 16415546
Four CFS patients (the CFS group) and 54 controls [the post-Q fever fatigue
syndrome (QFS) group] positive for C. burnetii were treated mainly with
minocycline or doxycycline (100 mg/day) for 3 months. After treatment, all 58
patients tested negative for C. burnetii infection. In the CFS group, health did not
improve.
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Ayres JG, Flint N, Smith EG, Tunnicliffe WS, Fletcher TJ, Hammond K, Ward D,
Marmion BP. Post-infection fatigue syndrome following Q fever. QJM. 1998
Feb;91(2):105-23. PMID: 9578893
The authors looked at a group of people who were infected with Q fever in 1989,
finding CFS in 42.3% of cases and 26% of controls.
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Borna Disease
Nakaya T, Kuratsune H, Kitani T, Ikuta K. Demonstration on Borna disease virus in
patients with chronic fatigue syndrome. Nihon Rinsho. 1997 Nov;55(11):3064-71.
PMID: 9396313
In Japanese patients with CFS, the prevalence of Borna disease virus infection was
34% (30/89) and 12% (7/57) by immunoblotting and PCR analysis, respectively.
Furthermore, anti-BDV antibodies and BDV RNA were detected in a family cluster
with CFS. These results suggested that this virus contributes to or initiates CFS,
although the single etiologic role of BDV is unlikely.
*
Nakaya T, Takahashi H, Nakamura Y, Asahi S, Tobiume M, Kuratsune H, Kitani T,
Yamanishi K, Ikuta K. Demonstration of Borna disease virus RNA in peripheral
blood mononuclear cells derived from Japanese patients with chronic fatigue
syndrome. FEBS Lett. 1996 Jan 8;378(2):145-9. PMID: 8549821
Laboratory analysis suggests that there is a prevalence of 32% of Borna disease
virus in Japanese CFS patients.

Stealth Virus
Martin WJ. Genetic instability and fragmentation of a stealth viral genome.
Pathobiology. 1996;64(1):9-17. PMID: 8856790
Partial sequencing was performed on cloned DNA obtained from cultures of a
stealth virus isolated from a patient with the chronic fatigue syndrome. The
results extend earlier findings showing regions of homology to cytomegalovirus
(CMV).
*
Martin WJ. Severe stealth virus encephalopathy following chronic-fatiguesyndrome-like illness: clinical and histopathological features. Pathobiology.
1996;64(1):1-8. PMID: 8856789
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The clinical histories and brain biopsy findings of 3 patients with severe stealth
virus encephalopathy are reviewed.
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Martin WJ, Ahmed KN, Zeng LC, Olsen JC, Seward JG, Seehrai JS. African green
monkey origin of the atypical cytopathic 'stealth virus' isolated from a patient
with chronic fatigue syndrome. Clin Diagn Virol. 1995 Jul;4(1):93-103. PMID:
15566831
The findings implicate an African green monkey as the probable source of the
“stealth” virus isolated from this CFS patient.
*
Martin WJ, Glass RT. Acute encephalopathy induced in cats with a stealth virus
isolated from a patient with chronic fatigue syndrome. Pathobiology.
1995;63(3):115-8. PMID: 8821627
A simian cytomegalovirus-related stealth virus, isolated from a patient with the
chronic fatigue syndrome, induced an acute neurological illness when inoculated
into cats.
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Martin WJ, Zeng LC, Ahmed K, Roy M. Cytomegalovirus-related sequence in an
atypical cytopathic virus repeatedly isolated from a patient with chronic fatigue
syndrome. Am J Pathol. 1994 Aug;145(2):440-51. PMID: 8053501
The authors describe a novel type of CMV-related "stealth" virus that is able to
establish a clinically persistent human infection.

Other Infections
Elfaitouri A, Herrmann B, Bölin-Wiener A, Wang Y, Gottfries CG, Zachrisson O,
Pipkorn R, Rönnblom L, Blomberg J. Epitopes of microbial and human heat shock
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protein 60 and their recognition in myalgic encephalomyelitis. PLoS One. 2013
Nov 28;8(11):e81155. PMID: 24312270
A peptide from Chlamydia pneumoniae human heat shock protein was detected
in 24% of ME samples compared to less than 1% of non-ME samples (taken from
blood donor, multiple sclerosis patients and systemic lupus erythematosus
patients).
*
Mørch K, Hanevik K, Rivenes AC, Bødtker JE, Næss H, Stubhaug B, Wensaas KA,
Rortveit G, Eide GE, Hausken T, Langeland N. Chronic fatigue syndrome 5 years
after giardiasis: differential diagnoses, characteristics and natural course. BMC
Gastroenterol. 2013 Feb 12;13:28. PMID:23399438
A high prevalence of chronic fatigue has previously been reported following
giardiasis after a large waterborne outbreak in Bergen, Norway in 2004. This study
shows that Giardia duodenalis may induce CFS persisting as long as five years
after the infection.
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Hanevik K, Kristoffersen EK, Sørnes S, Mørch K, Næss H, Rivenes AC, Bødtker JE,
Hausken T, Langeland N. Immunophenotyping in post-giardiasis functional
gastrointestinal disease and chronic fatigue syndrome. BMC Infect Dis. 2012 Oct
14;12:258. PMID: 23061432
A Giardia outbreak was associated with development of post-infectious functional
gastrointestinal disorders (PI-FGID) and chronic fatigue syndrome (PI-CFS). Five
years later, researchers found significantly higher CD8 T-cell levels in PI-FGID, and
significantly lower NK-cell levels in PI-CFS patients. Severity of abdominal and
fatigue symptoms correlated negatively with NK-cell levels.
*
Naess H, Nyland M, Hausken T, Follestad I, Nyland HI. Chronic fatigue syndrome
after Giardia enteritis: clinical characteristics, disability and long-term sickness
absence. BMC Gastroenterol. 2012 Feb 8;12:13. PMID: 22316329
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After a giardiasis enteritis outbreak, at least 5% of those affected developed
clinical characteristics and functional impairment comparable to previously
described post-infectious fatigue syndrome.
*
Larbcharoensub N, Boonsakan P, Aroonroch R, Rochanawutanon M, Nitiyanant P,
Phongkitkarun S, Poonvutikul S, Watcharananan SP, Ngarmukos C. Adrenal
histoplasmosis: a case series and review of the literature. Southeast Asian J Trop
Med Public Health. 2011 Jul;42(4):920-5. PMID: 22299474
The authors report seven cases of adrenal histoplasmosis in immunocompetent
patients. All patients presented as chronic fatigue syndrome. The onset of
symptoms ranged from one to three months. A cure was accomplished in 6 out of
7 cases.
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Maes M, Twisk FN, Kubera M, Ringel K, Leunis JC, Geffard M. Increased IgA
responses to the LPS of commensal bacteria is associated with inflammation and
activation of cell-mediated immunity in chronic fatigue syndrome. J Affect Disord.
2011 Oct 1. PMID: 21967891
Increased IgA responses to commensal bacteria in ME/CFS are associated with
inflammation and cell-mediated immunity activation, which are associated with
symptom severity. It is concluded that increased translocation of commensal
bacteria may be responsible for the disease activity in some ME/CFS patients.
*
Grinde B. Is chronic fatigue syndrome caused by a rare brain infection of a
common, normally benign virus? Med Hypotheses. 2008 Aug;71(2):270-4. PMID:
18440157
The authors propose that CFS is caused by a circovirus.
*
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Sairenji T, Nagata K. Viral infections in chronic fatigue syndrome. Nihon Rinsho.
2007 Jun;65(6):991-6. PMID: 17561687
The major hypothesis of the pathogenesis of CFS is that infectious agents such as
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