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Abstract 

 

Chronic Fatigue Syndrome (CFS) is a heterogenous disorder of unknown aetiology 

characterised by debilitating fatigue, headaches sleep disturbances and a delayed post 

exertional malaise. It often has an acute onset, possibly after a viral infection or a period of 

stress, and is a diagnosis of exclusion with no diagnostic test available. The immune system 

was compared in 33 rigorously defined CFS/ME patients and 24 healthy controls. CFS/ME 

patients had significantly greater numbers of transitional B cells and naïve B cells and 

reduced plasmablasts when compared to healthy controls. CFS/ME patients had significantly 

increased levels of T helper memory effector cells, T helper effector cells and cytotoxic 

effector T cells with reduced levels of CD8+ lymph node homing naïve and memory T cells 

when compared to healthy controls. CFS/ME patients had significantly raised levels of  IL 12 

p70, IL 21, IL22, IL 27 and TNF alpha when compared to healthy controls. No differences 

were seen in levels of NK cell subpopulations, absolute numbers or cytotoxicity function but 

NK cell CD69 expression was significantly increased in CFS/ME patients. No differences 

were seen between CFS/ME patients and healthy controls in levels of T regulatory cells, Th1 

cells, Th2 cells, or in Th17 cells. No significant differences were seen between CFS/ME 

patients and healthy controls in antibody levels to rubella, toxoplasmosis, CMV or EBV. 

While the cause of these multiple changes is unclear, it is tempting to postulate whether they 

may suggest a subtle tendency to autoimmunity.  
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1.0 INTRODUCTION 

 

1.1 Historical perspective 

 

Historically, the symptoms of chronic fatigue accompanied by neurological impairment, sleep 

abnormalities and pain have been long recognised in clinical practice. Indeed, a combination 

of these symptoms including depression, neuralgia and impotence were first reported by 

Beard in the 19th century and subsequently termed ‘neurasthenia’ [4].  As psychiatric 

diagnoses have improved there has been a reduction in this diagnosis, although the symptoms 

described in these patients resemble closely the diagnosis of Chronic Fatigue Syndrome 

(CFS) today. 

  

1.2 What is CFS? 

 

CFS is characterised by severe and disabling fatigue [5] but without a patho-physiologic 

explanation.  In addition to fatigue, individuals with CFS also report a variety of other 

symptoms including musclo-skeletal pain, sleep disturbance, impairment in short term 

memory and concentration, sore throat, and headaches of new type, pattern and severity [5, 6].  

In nearly all cases there is an exacerbation of these symptoms, but particularly the fatigue by 

any form of mental or physical exertion.  Symptom severity may also fluctuate on a daily or 

weekly basis without obvious cause. The most common causes of death (totalling almost 

60%) are cancer, heart failure and suicide according to data held by the National CFIDS 

Foundation. Interestingly, the mean age of death from cancer of around 48 years and from 

suicide of just over 39 years are significantly lower than the overall population [7]. This 

indicates a significant risk of early death in this patient group. 

 

1.3 CFS – What’s in a name? 

 

Many patients and doctors have rejected the name CFS as they felt it belittled and trivialised 

the condition so the term myalgic encephalomyelitis (ME) was preferred. This has been 
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recognised by the World Health Organisation (WHO) International Classification of Diseases 

since 1969 but the two terms are used interchangeably, with even the NHS using the term 

CFS/ME on its website. Some clinicians believe the main distinction between the two 

conditions is that ME has post exertional malaise and CFS does not [8], although this is very 

contentious. Recently the Institute of Medicine (IOM) proposed to change the name ME and 

CFS to systemic exertion intolerance disease (SEID) and that a new code be assigned for 

SEID to replace ME (G93.3 a neurological disease) and CFS (R53.82 signs, symptoms and 

abnormal clinical/laboratory findings, not classified elsewhere) on the WHO International 

Classification of Diseases [9, 10].  This has not been well received with the patients – a recent 

poll showed 62% of 1004 patients calling the name ‘pretty or very bad’ [11] - or with some 

clinicians. Jason et al [12] used a cross sectional design to investigate 796 archival samples 

diagnosed by different case criteria and compared them to the SEID criteria. They found that 

the SEID criteria identified 88% of participants, compared to the Fukada criteria  (see Section 

1.5) that identified 92%. However, the authors concluded that the SEID criteria identified 

more than the Canadian consensus criteria and selected patients with less symptoms and 

impairments, and that as a result prevalence rates could increase, particularly as a result of 

relaxation around exclusionary conditions like Hashimoto’s thyroiditis, Multiple Sclerosis or 

cancer [13]. For further clarification of the various diagnostic criteria see section 1.5. 

 

1.4 Prevalence, prognosis and the economic burden of CFS 

 

Studies of the general population suggest a prevalence rate for CFS of between 0.2% and 

2.6% depending on the criteria used [5, 6].  In the USA it has been estimated that between 

836,000 and 2,500,000 individuals have CFS [9], giving a prevalence rate of between 0.26% 

and 0.78%. Most of the research on prognosis and treatment outcome has focussed on people 

attending specialist centres, who may be assumed to have more severe and complex 

difficulties.  Nevertheless, studies suggest that a significant proportion of people with CFS 

will continue to experience symptoms for some time [5].   Indeed, as few as 6% of people 

with CFS return to pre-morbid levels of functioning in the medium to long term [6].  



 18 

Interestingly, children do significantly better and approximately 80% return to good health 

[14].  

 

In terms of financial cost, medically unexplained fatigue is expensive for the individual and 

the UK National Health Service (NHS) and also the economy with patients often unable to 

work. A significant number of patients undergo a wide number of tests, investigations and 

imaging to exclude other causes of the symptoms which results in an average delay of 5 years 

from initial symptoms to diagnosis [15]. From the point of view of the patient, CFS can have 

a major impact on their quality of life, employment and their families. In this regard 50% of 

patients had to leave employment in one study as a result of their symptoms [16]. In 2008, 

Jason et al [17] calculated that CFS cost the US economy between $18 billion and $24 billion 

assuming an incidence rate of 0.42, a figure more recently confirmed by the IoM [18]. 

 

1.5 CFS and Diagnostic Criteria 

 

The diagnosis of CFS presently rests on the exclusion of any medical or psychiatric causes of 

fatigue in someone with new onset persistent tiredness for over six months. In 1988 Holmes et 

al. from the US Centre for Disease Control (CDC) drafted the working case definition for 

CFS to help standardise the patient population for research purposes and to avoid the 

connection with viral infection after investigations failed to confirm past or current infections. 

These guidelines were quite restrictive and did not specifically exclude primary sleep 

disorders. A 1994 revision of the CDC case definition constitutes the current criteria for 

chronic fatigue syndrome and is the most widely used definition internationally [19].  These 

use less stringent criteria, leading to a more heterogeneous patient population with milder 

symptoms.  Only four other criteria besides fatigue were required for diagnosis and it did not 

exclude significant psychiatric disorders.  The main primary criteria were persistent or 

relapsing chronic fatigue of at least 6 months duration, which is not the result of exertion and 

does not improve with rest and results in a significant impact on the patient’s quality of life. 

Exclusion of all other causes of chronic fatigue is the other main criteria. For a diagnosis of 

CFS 4 out of 8 minor criteria had to be met all of which must have been present in the 
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preceding 6 months. These minor criteria included post exertional malaise, headaches, muscle 

pain, joint pain without obvious inflammation, tender lymph nodes, sore throat, un-refreshing 

sleep and cognitive impairment, particularly with concentration and memory.   Amendments 

have been proposed since and the Canadian criteria that highlight the importance of a post-

exertional malaise (PEM) have gained some favour.  Using these criteria, a patient with CFS 

needs to have symptoms for at least 6 months, and must meet the criteria for post exertional 

malaise, fatigue and /or sleep dysfunction, fatigue and pain.  They also need to have two or 

more neurological symptoms (confusion, memory or concentration impairment, disorientation 

and sensory/perception disturbances). Additionally, patients must have one or more symptoms 

from two of the other three criteria, notably immune, neuroendocrine and autonomic 

symptoms. Immune symptoms include flu-like illness, enlarged lymph glands, recurrent sore 

throats and new sensitivities to medicines or foods. Neuroendocrine symptoms include 

variations in body temperature, sweats, loss of appetite and weight, and cold extremities. 

Autonomic symptoms can include orthostatic intolerance, light-headedness, pallor, irritable 

bowel syndrome, palpitations and breathlessness on exertion. These have been criticised as 

being overly cumbersome and not easy to implement in primary care [20].   

 

Building on the Canadian criteria, the International Consensus Criteria (ICC) have been 

proposed that identify symptom groups and dropped the need for symptoms to be present for 

at least 6 months [21]. The IoM [9] recently introduced diagnostic criteria for CFS/ME 

diagnosis which are easier to use but more likely to include psychiatric illness and patients 

with fewer symptoms. The concern is that the criteria allows the presence of other conditions 

in patients suspected of having CFS/SEID with the problem that the core symptoms are not 

unique to CFS/SEID as they are found in other conditions – cancer and multiple sclerosis for 

example, which will lead to an increased number of individuals meeting the criteria for SEID 

[12]. Some authors who believe that CFS and ME are separate disorders argue that the 

different diagnostic criteria are selecting for different conditions with the Canadian criteria 

more specific for ME as do the ICC guidelines with the weighting on PEM. The Holmes/CDC 

and Fukada criteria considers chronic fatigue to be central for CFS [8]. Recently new criteria 
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were published that further concentrates on the specific clinical presentation of CFS/ME and 

implement a scoring system concentrating on the most significant features [22] (Table 1.1).  

Table 1.1: Symptoms of CFS/ME and their scoring. Taken from Bansal AS [22] 

 

Factor Score 

Delayed PEM after activity 3 

Non-restorative sleep 2 

Impaired concentration 1 

Reduced short term memory 1 

New onset headaches (>2/month) 1 

Sore throat with cervical tenderness 1 

Arthralgia but with no swelling.  1 

Myalgia exacerbated by exertion 1 

Postural instability 1 

Hypersensitivity to lights and sounds 1 

 

1.6 CFS and Immune Dysfunction 

 

Persistent fatigue lasting more than 6 months may be observed in several conditions in which 

the immune system is central. These include viral and bacterial infections and all the common 

rheumatological conditions. CFS has long been thought as having a significant immunological 

component. This is because of the nature of the symptoms (recurrent sore throats, lymph 

gland enlargement, flu-like sensations, arthralgia and myalgia) and the finding of 

abnormalities in the immune system (alterations in inflammatory cytokines, cellular subsets 

and cellular function). However, it is still not clear whether these defects are the cause or the 

result of CFS/ME. What is clear though is that therapies that modulate the immune system 

can result in a clinical improvement in individual cases although a permanent cure remains 

elusive. This review will focus on the immunological aspects of CFS/ME, with particular 

reference to viral infections and possible therapeutic interventions. It should, however, be 



 21 

noted that the immune system is significantly influenced by stress, mood and by disturbance 

of sleep and that varying degrees of dysfunction in both areas may contribute to immune 

abnormalities [23, 24].   

 

Previous investigations of the biochemical, microbiological and immunological abnormalities 

in subjects with CFS/ME have often considered CFS/ME to be a single disorder. This may 

explain the absence of any consistent set of abnormalities in this group of people due to 

difficulties in diagnosing this syndrome, which is primarily a diagnosis of exclusion. Table 

1.2 taken from Natelson et al 2002 [2] shows the inconsistent results obtained from 

investigations of the immune system in CFS. The numbers in brackets are the numbers of 

studies reporting the result. 
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Table 1.2: Cellular Levels in CFS. (adapted from Natelson et al 2002) [2] 

 

Immune Cell Result 

CD2 cells Decreased (1). 

Decrease only in women (1) 

Increase in CD2 cells expressing CD28 (1) 

No difference (7) 

CD4 cells Decreased (2) 

No difference (8) 

CD4/CD8 ratio Decreased ratio (3) 

No difference (3) 

CD8 cells Decreased (2) 

No difference (8) 

B cells Increased (2) 

No difference (9) 

NK cells (CD3-CD56+) Decreased (2) 

Increase seen (1) 

NK cells (CD3-CD16+) Decreased (3) 

No difference (3) 

Monocytes Increased (1) 

No difference (4) 

NK function Decreased (7) 

No difference (1) 

 

 

Cytokine dys-regulation has been frequently documented in CFS but the findings are often 

contradictory [25-27]. Early studies had suggested increased pro-inflammatory cytokines [28] 

but others have found no difference [29] or increases in anti-inflammatory cytokines such as 

TGF beta [30]. A recent systematic review showed that the most consistent cytokine finding 

was an increase in TGF beta [31].   
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Despite a clear heterogeneity in CFS/ME, there is growing evidence suggesting immune 

dysfunction in playing an important role in CFS/ME [1, 32, 33]. Indeed Moss et al [34] have 

reported significantly elevated levels of TNFα in patients with CFS compared to healthy 

controls. It is possible that such elevations may account for the elevated levels of C-reactive 

protein, beta 2-microglobulin, and neopterin in the patients with CFS reported by Buchwald et 

al [35]. However, patients with CFS also have significantly higher levels of bioactive TGF-

beta compared to healthy controls, subjects with major depression, lupus and multiple 

sclerosis [30]. This was confirmed by later studies [36] although it failed to show a raised 

TNFα, as did a systematic review of cytokines in CFS [31].  In women with CFS 

abnormalities of IL1β and IL1Ra release by PBMC’s have also been demonstrated 

particularly in the premenstrual phase [28]. Furthermore, lipopolysaccharide (LPS) -induced 

IL10 secretion in whole blood cultures is significantly increased in patients with CFS 

compared with controls and with a trend to decreased IL-12. Importantly, this IL10 secretion 

appeared to be resistant to suppression by dexamethasone in the CFS patients only [37] 

although in a later study this group found IL10 secretion to be no different from the control 

group. There was no difference in serum levels of IL4, IFN gamma and soluble CD23 in 

monozygotic (MZ) and dizygotic (DZ) twins discordant for fatigue [38]. However, this work 

did confirm the importance of genetic factors in encouraging fatigue. Thus, persistent fatigue 

was more frequently concordant in the MZ versus the DZ twins.  Additionally, this work also 

confirmed the major influence of a shared early environment in affecting current immune 

function and unique environmental influences in encouraging fatigue. Table 1.3 shows the 

nature of the inconsistent results obtained from cytokine studies in CFS (numbers in brackets 

are the numbers of studies). 
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Table 1.3: Cytokine levels in CFS (adapted from Natelson 2002 [2] and Blomberg 2018 

[39] 

 
Cytokine Result 

IL 1 alpha Increased (1) 

IL1beta Increased (1) 

Decreased (2) 

No difference (2) 

IL2 Increased (1) 

No difference (3) 

IL6 Increased (1) 

No difference (2) 

IL 7 Reduced (1) 

IL 8 Increased (1) 

IL 16 Decreased (1) 

IL10 Increased (1) 

Decreased (1) 

No difference (1) 

IL 10 (CSF) Decreased (1) 

IL 13 Increased (1) 

IL 16 Reduced (1) 

IL 17 A Increased (1) 

Decreased (1) 

TNF alpha Increased (1) 

Decreased (1) 

No difference (5) 

TGF Beta Increased (1) 

VEGF alpha Reduced (1) 

Eotaxin 1 Increased (2) 

Decreased (1) 

IFN gamma Increased (1) 

Decreased (1) 

No difference (3) 
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While different patterns of raised circulating and stimulated cytokines have been reported by 

different investigators, the only abnormality consistently demonstrated by the majority of 

reports on CFS is the reduction in the number [40, 41] or function [42] of NK cells. Tirelli et 

al in 1994 [43] also found the reduced NK cell population to express an increased number of 

adhesion (CD11b, CD11c and CD54) and activation (CD38) markers. However, others have 

found NK cells numbers to be increased in subjects with CFS but for the NK cell cytotoxicity 

to be reduced compared to healthy controls [44]. Levine et al in 1998 [45] found NK cell 

function assessed in a 51Cr release assay to be lower in a family with CFS compared to family 

members without CFS. Interestingly the latter in turn had 51Cr release results that were 

intermediate between those with CFS and healthy controls. Other reports have stressed the 

need for ensuring comparable geographic controls in the comparison of subjects with and 

without CFS [33] as a possible source of variability in scientific studies. Ogawa et al [46] 

have shown the L-Arg-induced activation of NK activity by Nitric Oxide to be impaired in 

CFS patients. Besides these studies other authors have shown significant changes in B cells, 

NK granzyme levels and neutrophil antigens to name but a few [47, 48]. Thus, several aspects 

of immune function appear to be affected in patients with CFS. 

 

1.7 CFS and NK Cells 

 

The most consistent abnormality reported in patients with CFS/ME relates to reduced NK 

activity [42]. Importantly, NK cell proliferation, maturation and activation are increased by 

several cytokines but particularly interleukin (IL) 21 and IFN gamma and especially in the 

presence of IL2, IL12, IL15 and IL18 [49, 50]. NK cells recognize their targets by the absence 

of classical HLA class I proteins and NK cell receptors of the killer Immunoglobulin-like 

receptor (KIR) superfamily. NK cell inhibitory receptors are also recognized and important in 

regulating cytolytic activity. The balance of the inhibitory and stimulatory KIRs on the NK 

cell will govern how it responds to external stimuli and alterations in these receptors could 

cause the reductions in NK function, notably cytotoxicity, seen in CFS. Findings have been 

variable with some studies showing no changes from healthy controls in 14 patients meeting 
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ICC criteria and looking at CD94, KIRDL-1, KIR3DL1/DL2, KIR2DL5, KIR2DS4, 

KIR3DL1, NKG2D, KIR2DL2/DL3 and KIR2DL1/DS1 [51]. This is in contrast to other 

studies where, in severely affected CFS patients, KIR3DL1 was significantly increased in 

conjunction with reduced NK cytotoxicity [52] [53]. Rivas et al [54] found a lower expression 

of NKG2C, an activating receptor that recognises Human Leucocyte Antigen E (HLA-E) 

which was not confirmed in an earlier study [55] where no differences could be seen. The 

authors suggested that this could have been a methodological issue with frozen PMBC’s in 

one study and whole blood in the other. It is interesting to note that this receptor is up 

regulated in chronic CMV infections and in co-infections with other viruses, notably EBV 

[56]. 

 

CD69 is one of the earliest specific markers of NK cell activation [57-59]. Activated NK cells 

release cytokines that activate other NK cells and the cellular immune system generally [60]. 

Elevated NK cell CD69 expression is associated with increased cytotoxicity and target cell 

lysis [61, 62]. The latter is achieved by NK cell release of perforin and granzymes that induce 

target cell apoptosis and cell membrane destruction. Increased numbers of CD69 expressing 

NK cells are seen in women with infertility of unknown cause [63] despite these women 

having no evidence of ill health and routine laboratory tests being entirely normal. As NK 

cells are important in the elimination of virally infected/altered host cells it is possible that 

impaired NK cell function may allow the persistence of chronic viral infection in subjects 

with CFS. It is therefore possible that CFS may be associated with the impaired secretion of 

those cytokines important in regulating NK cell function. This in turn may be caused by 

specific polymorphisms in the promoter regions of IL21, IFN gamma, IL2, IL12, IL15 and 

IL18.  However, NK cell activity has also been shown to be adversely affected by depression 

and sleep [64].  

 

Researchers have looked at various parameters to explain the reduced cytotoxicity seen in NK 

cells in CFS and found numerous abnormalities. Even comparing subjects with acute onset 

CFS with those whose symptoms had a gradual onset confirms significant differences in NK 

cell function [65], premorbid personality, prognosis and response to treatment [66]. Dividing 
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patients on the basis of their NK cell function also appears to select a subgroup of individuals 

who are likely to respond favourably to immune based therapy using interferon alpha [67]. 

Thus, it is important that subjects with CFS are not grouped into a single entity. At the very 

least they should be divided into those with an acute versus gradual onset and those with and 

without abnormality of immune function.  It is evident that micro-dissection of the immune 

system will be necessary to elucidate the nature of the defect in CFS.  

 

In patients with severe CFS, defects in protein kinase gene expression in NK cells have been 

reported [68]. At least 37 genes showed increased expression while 55 showed significantly 

reduced expression, with a significant reduction of calcium dependent protein kinases, Lck 

and ZAP 70. The authors concluded that this dysregulation could contribute to the impaired 

function of NK cells as these kinases play critical roles in intracellular signalling and could 

disrupt NK responses to its environment. Defects in the mitogen activated protein kinases 

(MAPK) pathway were observed in CFS/ME patients, with a reduction in ERK1/2 in CD56 

dimCD16+ NK Cells while the CD56dim CD16- NK cells showed a significant increase in 

MEK 1/2 and p38 expression [69]. ERK 1/2 has been identified as having an important role in 

cytotoxicity activity, and phosphorylation of ER1/2 induces a conformational change that is 

required for NK cell cytotoxic activity. The authors suggested that in CFS/ME patients, 

aberrant signalling through ERK 1/2 could interfere with the release of lytic proteins and thus 

explain the reduced cytotoxicity. 

 

1.8 CFS and Viral Infection 

 

Prolonged fatigue is a frequent consequence of several viral infections and especially with 

EBV. In the latter, this has been reported to last a median of eight weeks and with an 

interquartile range of four to sixteen weeks [70].  Interestingly, stress has been reported to 

reactivate EBV [71] and it is possible that the increased stress suffered by patients with CFS 

may contribute to recurrent relapses in CFS. With this is in mind it is noteworthy that 

valacyclovir has been shown beneficial in an EBV subset of patients with CFS particularly in 

regard to cardiac function [72].  
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While consistent evidence of specific viral infections causing CFS has been elusive, at a more 

general level, it has been proposed that 2’5’Oligoadenylate  synthetase (2-5A) could be a 

useful marker of viral infection and found it to be raised in up to 86% of patients with CFS 

and only 11% of healthy controls [73]. This protein is induced by interferon alpha and gamma 

and is important in combating viral proliferation [74]. More recent findings have suggested 

that there are abnormalities of this pathway in some CFS patients, specifically there is a 

production of dimers of 2-5A, rather than normal oligomers (greater than two molecules), that 

inhibits the proteolytic breakdown of RNase L [75], which leads to higher levels of this 

enzyme that then causes cellular mRNA degradation. A study looking at RNAase L levels in 

CFS/ME showed 46/73 patients had an elevated RNase L activity and that it was significantly 

linked to exercise tolerance [76]. 

 

Interestingly, several investigators have reported increased 2-5A activity by mononuclear 

cells of patients with CFS and levels correlate with disease severity [73, 77, 78]. This has 

been proposed to suggest chronic viral infection as a possible aetiology of the fatigue in these 

patients. However, the detection of several herpes viruses, enteroviruses and Borna viruses in 

patients with CFS by serology and PCR has provided conflicting results. Thus Ablashi et al 

(2000)[79] found evidence of HHV-6 reactivation in their patients with CFS by detecting a 

raised frequency of anti-HHV-6 IgM and the detection of HHV-6 antigen in short term PBMC 

cultures. In contrast in a co-twin study there was no serological evidence of HHV-8, 

cytomegalovirus, herpes simplex virus 1 and 2 or hepatitis C virus in MZ twins discordant for 

CFS [80]. Additionally there was no PCR evidence of infection with HHV-6, HHV-7, HHV-

8, cytomegalovirus, Epstein-Barr virus, herpes simplex virus, varicella zoster virus, JC virus, 

BK virus, and parvovirus B19. This was also found in an earlier study of 548 chronically 

fatigued patients using serological techniques and which included an analysis of rubella, 

coxsackie B viruses and adenovirus [81]. In contrast, others found serological evidence of an 

increased frequency of previous EBV and Coxackie viruses B1 and B4 in patients with 

CFS[82].  IgM antibodies to non structural genes in human CMV have also been detected in a 

subset of CFS patients [83]. This group also found IgM antibodies to EBV in a subset of CFS 
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patients indicating that a defect in the immune system could be permitting chronic infection 

by viruses. Further dysregulation of the immune system is indicated by the finding of 

antibodies to mitochondrial components and also to serotonin, microtubule-associated protein 

2 and muscarinic cholinergic receptor 1 [84].  

 

Regarding other viruses, enterovirus infections in the stomachs of patients with confirmed 

CFS have been reported [85]. This adds to previous work suggesting a persistence of 

enteroviral infection in patients with CFS [86]. In addition to viruses several other organisms 

have also been considered to be involved in the precipitation of chronic fatigue. These include 

several types of bacteria including mycoplasma species in particular [87]. However, after over 

20 years of research to identify a specific infectious agent that causes CFS/ME it is apparent 

that a large number of intracellular pathogens are capable of initiating CFS/ME, and it is clear 

that dysfunctional immune responses and energy metabolism are linked in CFS/ME [88] 

 

1.9 CFS and Immunodeficiency and disturbed immunological memory 

 

Normally, B cell memory appears to be maintained by a combination of long-lived memory 

cells and constant antigen stimulation of B cells within lymph nodes by antigen retained by 

follicular dendritic cells. In patients with established immunodeficiency, recent work has 

confirmed reductions in the various memory B cell populations in those with common 

variable immunodeficiency (CVID). Interestingly, reduced numbers of switched memory B 

cells (CD19+, CD27+ IgD-) have been found in CVID patients with splenomegaly and a 

tendency to granulomatous organ infiltration. In those patients with autoimmune 

manifestations the number of un-switched memory B cells is increased. In patients with CFS a 

reduction in the numbers of CD19+/IgM+ B cells has been observed [89] although the exact 

significance of this is unclear as CFS has never been linked to a deficiency of antibody 

immunity or recurrent bacterial infections. However, in a recent paper, a monoclonal antibody 

that depletes B cells was found to markedly improve the clinical symptoms in three patients 

with CFS [90] suggesting that B cells have a role in the pathogenesis of CFS. A double-blind 

placebo controlled trial later suggested that only in a subset of CFS patients, B cell depletion 
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is associated with clinical improvement [91].  The most recent double blind placebo 

controlled trial showed no differences between placebo and rituximab [92] 

 

T cell memory appears to be more complex and is based partly on the strength of the initial 

antigenic stimulus and with viral infections providing a very strong stimulus. The extent of 

clonal expansion is important and CD8 T cell memory requires a combination of IL15 and to 

a lesser degree IL7 while CD4 memory requires both T cell receptor stimulation and IL7. 

Downstream to this, the balance of pro-apoptotic factors such as TNFR-6 (Fas) and Bcl2-like 

protein 11 (BIM) and anti-apoptotic factors Bcl2 determine the fate of T cells [93]. Survival 

genes such as Tbet and eomesodermin gain importance because of their ability to maintain 

expression of the IL15α receptor (CD122). This appears to be particularly important in CD8 T 

cell memory while the HIV type I enhancer protein 2 (HIVEP2 or Schnurri-2) appears more 

important for CD4 T cells. For all T cells long-lived memory is maintained most significantly 

by continued antigen stimulation or cross reactive antigen stimulation. This is certainly 

evident in persistent viral infections such as those caused by EBV and HIV.   

 

During an initial immune response CD8 T cells appear to show massive expansion and then 

contraction with subsequent long lived stable memory populations. These phases are much 

less intense in CD4 T cells which also show very slow loss of memory cells [93]. 

 

There is now good evidence that EBV can cause major alterations in T cell memory function. 

Thus, in acute EBV induced mononucleosis, the expression of IL-7Rα was lost by all CD8+ T 

cells, including EBV epitope-specific populations [94]. While expression was rapidly 

regained on total CD8+ cells it was only slowly and incompletely regained on EBV-specific 

memory cells. Therapeutically this could lead to treatments that would involve using agents 

active against EBV. In this regard the use of valacyclovir has been shown in a double blind 

placebo controlled trial lasting 36 months to improve cardiac dysfunction and resume normal 

life in patients with confirmed CFS [72].  Additionally, valgancyclovir has also been shown to 

be extremely beneficial in 12 patients with symptoms highly suggestive of CFS and who had 

high titre antibodies to HHV6 and EBV [95] in an open labeled study. The results of the 
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randomized double blind study while not formally published appeared not to have shown 

significant benefit suggesting that continued EBV/viral suppression requires at least partial 

restoration of global T cell memory to be effective. T regulatory cells and Th17 cells have 

been studied in CFS and regulatory T cells were found to be increased [96, 97]. Interestingly 

increased T regulatory cells and Th17 cells have been reported in EBV infected mice [97].  

These findings need to be confirmed as do the increase in Th2 cells [98] as these have central 

roles in immunity to viruses and the immune response and could be dysregulated in CFS. 

 

In light of these varied findings and contradictions, a thorough examination of the cellular and 

humoral arms of the immune system, together with an assessment of cytokine levels will be 

carried out on a very well characterized population of CFS patients. The results will be 

compared to a healthy control group as part of a pilot study.  As immune dysfunction in CFS 

is so variable, not only are gross cell numbers and function to be assessed, sub populations 

within the T and B cell families will also be measured as it is likely that minor changes may 

well be associated with CFS rather than large changes.  Furthermore, antibody levels to a 

range of viruses that have been implicated in CFS will be measured in patients and healthy 

controls to see if there are any differences. 

 

2.0  Aims 

 

 To establish an immune assay or a panel of assays that can allow the diagnosis of CFS/ME  

and to compare the results between patients and an age and sex matched healthy control 

group. The specific assays to be assessed in this work include NK cytotoxicity, Th1/Th2 and 

T reg/Th17 populations by intracellular staining using flow cytometry as well as T and B cell 

subpopulations as defined by a variety of surface antigens using flow cytometry.  

Further work will involve measuring the level of cytokines in un-stimulated serum using 

Luminex technology and the level of IgG and IgM antibodies to EBV, CMV, Rubella and 

Toxoplasmosis using an automated magnetic bead multiplex platform. It is hoped that 

combining the results of all these assays may allow CFS/ME to be correctly diagnosed on 

positive rather than negative criteria. 
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3.0 Subject selection and ethical approval 

All participants were verbally informed about the study and given information sheets with 

written informed consent obtained by the specialist Consultant Immunologist (ASB). Patients 

were diagnosed with CFS/ME and all selected patients fulfilled the Fukada, Canadian and 

Oxford criteria. Furthermore, in an effort to produce an even more stringent patient group, a 

clinical symptom scoring system was implemented [22]. See Table 1.1 for the criteria and 

scoring. This scoring system has now been in operation since 2008 in the CFS clinic at St 

Helier Hospital, Surrey and an alternative explanation for the fatigue has not been seen in any 

of the patients. For routine diagnosis, patients need to score 8 or more, while for research 

purposes the score needs to be 10 or more. All patients involved in this study had a score of 

10 or more. 

The Chalder fatigue scale was used to assess tiredness and to assign severity. The majority of 

the CFS patients were of moderate severity (23 patients). Two patients were severely affected 

and the rest were mild (8 patients).  The Hospital Anxiety Depression scale (HADS) and 

clinical history were used to determine the presence of significant depression and anxiety. 

Clinically depressed patients and those with significant anxiety (HADS scores above 11 out of 

21) were excluded as depression is known to affect the immune system. CFS is distinct from 

major depression as CFS patients do not generally exhibit the classic symptoms of depression: 

guilt, anhedonia and low motivation [99-101]. See appendix 7 for patient recruitment flow 

chart. 

Healthy controls were chosen to match the age and gender of patients. Any volunteer who 

suffered from chronic illness or was on medication was not included in the study. 

This research project was granted ethical approval by the Central London REC 1 Research 

Ethics Committee (Rec No: 09/H0718/54) and approved by the Research and Development 

department at St. Helier hospital, R&D No: 015/2009/DPH. 
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The demographic characteristics of our study populations are summarised in Table 3.1. 

Twenty-four healthy controls and 33 CFS patient samples were tested, 1 patient’s sample was 

only sufficient for T (and B) immunophenotyping analysis and therefore was not tested for 

cytokine levels or the other cellular tests. Four other patients in all were not tested for T 

regulatory cells and CD17 T cells as a result of a flow cytometer problem. This did not alter 

the demographics significantly. All patients returned normal blood investigations for 

haematological, biochemical and thyroid dysfunction. Tests for organ specific autoimmunity 

and gluten sensitivity were negative, apart from two patients who had anti-Thyroid Peroxidase 

antibodies but normal thyroid function tests. The ESR and CRP were used to check for 

underlying inflammation and both were within the normal range in all the patients. 

Interestingly, two patients had mannose binding lectin deficiency, while one patient had a 

mild IgA deficiency (IgA = 0.74 g/L). 

 

Table 3.1: Demographics of the CFS and normal control population. 

 

Parameter CFS patients (n=33) Healthy Donors (n=24)  

Mean Range SD Mean Range SD P value 

Age (year) 35 20 – 66 11.8 40 22 – 63 12.2 0.183 

Female:Male 

ratio 

26:7 21:3 N/A 

 

A post hoc power calculation was performed to indicate whether the study had enough 

samples from patients and controls to reliably identify differences between the two groups. 

See Appendix 6. 
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4.0 CFS and B cell immunophenotyping 

4.1 Introduction 
 

Since patients with CFS are not usually susceptible to bacterial infections and systemic 

autoimmunity there have been fewer studies on B cells in CFS compared to those looking at T 

and NK cells. Even so the majority of previous studies have found no difference in B-cell 

numbers and or function in patients with CFS compared with controls [102-111]. However, 

one study noted decreased B-cells in CFS patients reporting a mean of 11% of CD19+IgM+ 

mature B-cells as a percentage of mononuclear cells and a mean of 8 % CD19+IgM+ mature 

B-cells as a percentage of lymphocytes [89]. Unfortunately, simultaneous controls were not 

analysed and reference ranges were not provided. Published reference ranges for CD19+ B-

cells as a % of lymphocytes in adults gives a range of 4.9 – 8.4 [112], suggesting that the CFS 

patients in the study did not have deficient B-cell numbers.  

 

Research investigating B cell function in CFS has been vitalised by the recent clinical work 

on B cell depletion therapy in CFS [90-92]. This utilised the monoclonal antibody Rituximab, 

which is directed at CD20, and produced significant symptomatic benefit in CFS patients in a 

double-blind placebo controlled clinical trial [91]. The mechanism of this benefit is unclear; 

removal of auto-reactive cells or elimination of B cells harbouring one or more lymphotrophic 

viruses such as EBV. During the clinical trials, B cell numbers were monitored but no 

extended B cell phenotyping was examined.  

 

Since the Rituximab trial, only two studies have investigated extended B-cell 

immunophenotyping in CFS patients [1, 113]. These studies investigated whether a subtle 

defect in B cell phenotype of CFS patients was present. One of the studies found no detectable 

difference in the B cell memory compartments of healthy controls compared to CFS patients 

defined by percentages of IgD+, IgG+, IgA+ or CD27+ B cells [113]. Furthermore, in this 

study, the levels of transitional (CD19+IgD+CD38highCD10+CD5+), plasma 
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(CD19+CD27highCD38high) or marginal zone B cells (CD19+IgD+IgM+CD27+CD1c+) were 

comparable in both the healthy control and CFS patient groups [113].  

 

B-cell development in the bone marrow is antigen independent and is a tightly regulated 

process [114]. After several rounds of expansion, functional light chains replace the surrogate 

light chain and pair with the μ heavy chain resulting in cell surface IgM expression and 

forming the B-cell receptor (BCR). BCR expression allows negative selection of autoreactive 

B cells and their elimination by apoptosis. Deficiency of negative selection that eliminates 

cells with autoreactive heavy chains may allow the later development of systemic 

autoimmunity [115]. Surviving B-cells subsequently become transitional B-cells 

(CD19+CD38++IgM+IgD+) and migrate via the peripheral blood into secondary lymphoid 

organs such as the spleen, where full maturation occurs [116]. Only 10-20 % of immature B-

cells produced in the bone marrow reach the spleen, a large proportion are deleted due to the 

expression of autoreactive BCRs. Increased numbers of transitional B-cells have been 

reported in several patient groups with defective humoral immunity, including patients with 

X-linked Lymphoproliferative disease, CVID, patients recovering from haemopoietic 

transplantation and neonates [117]. 

 

In the spleen transitional B-cells mature into long-lived naïve B-cells 

(CD19+IgM+IgD+CD27-) and an important survival factor is BAFF (Blys) and its receptor 

BAFF-R.. Once through this transitional stage of development, B-cells develop into either 

follicular B-cells (CD19+CD27- CD38+mIgD+mIgMhi) or marginal zone (MZ) B-cells 

(CD19+CD27+CD38-mIgD+mIgMhi).  

 

Antigen encounter stimulates affinity maturation of the BCR by somatic hypermutation within 

germinal centres. During this process, follicular B-cells can differentiate into memory B-cells 

(CD19+CD27+CD38+mIgM-mIgD-) or plasmablasts (CD19+CD27++CD38hi) while MZ B-

cells only differentiate into plasmablasts. Memory B-cells can be subdivided into non-

switched memory B-cells (CD19+CD27+IgM+IgD+) or class-switched memory B-cells 

(CD19+CD27+IgM+IgD-) depending in part, on the cytokine milieu.  
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With B cells having perhaps a central role in CFS/ME a thorough investigation into B cell 

subsets using labelled monoclonal antibodies and flow cytometry could shed new light on the 

role of B cell subgroups in CFS/ME. 

 

4.2 Methods 

4.2.1 Measurement of immunoglobulin concentrations 

5 ml sample of venous blood was collected into SST (un-anticoagulated) tubes and serum was 

separated within 2 hours of venesection and stored at – 80 ºC. Sera were thawed and 

immunoglobulin concentrations were measured for all of the samples using a rate 

nephelometer (BN2 from Dade Behring) on the same day. Assays were performed according 

to manufacturer’s instructions. 

4.2.2. B-cell immunophenotyping method 

5 ml sample of whole blood was collected into EDTA (Vacutainer tubes, Becton Dickinson, 

Oxford) from each subject and stained immediately following the whole blood method for 

immunophenotyping B-cell functional subsets as previously described [118]. In brief, 1 ml of 

whole blood was washed three times in phosphate buffered saline (PBS) with 0.1% azide and 

re-suspended in PBS/0.1%/azide/1% BSA to a volume of 1 ml. The blood was stained with 

antibody panels (Table 4.1) for 20 minutes, lysed with FACS Easy lyse, washed twice in 

PBS/azide and re-suspended in Cell Fix (Becton Dickinson, Oxford, UK). Samples were 

acquired on a FACSCalibur cytometer using CELLQuest software (Becton Dickinson, 

Oxford, UK) (Figure 4.1 and 4.2). 
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Table 4.1 Commercially Antibody combinations used in B cell immunophenotyping 

 

Tube No Antibody 

conjugated* to 

PECy5 

Antibody 

conjugated* to 

FITC 

Antibody 

conjugated* to  

PE 

Antibody 

conjugated* to 

Cy5 

1 CD19 CD27 IgD IgM 

2 CD19 CD21 CD38 IgM 

3 CD19  IgG1/2a (isotype 

control) 

 

*Conjugate key: 

• PECy5: Phycoerythrin Cyan 5 

• FITC: Fluorescein Isothiocyanate   

• PE:  Phycoerythrin 

• Cy5: Cyan 5
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Figure 4.1 B cell gating strategy for determination of class switched memory, marginal zone and naïve B cells. The first gate, R1 selects 

lymphocytes based on side scatter versus forward scatter. These cells are further analysed for CD19 expression and the secondary gate, R2 

selects B cells (CD19+ cells). These B cells (R6) are further analysed to determine proportions of class switched memory, marginal zone and 

naïve B cells. 

Table reproduced from[1] 
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 R5 = lymphocytes   R6 = CD19+   7 = CD38lowCD21low  

                 8  = Transitional (CD38hiIgMhi) 

 

                      9 =  Plasmablasts (CD38hiIgMlow) 

Figure 4.2– B-cell gating strategy for determining CD38lowCD21low, Transitional B-cells (CD38hiIgMhi) and plasmablast 

(CD38hiIgMlow) subpopulations. The first gate, R5, selects lymphocytes based on side scatter versus forward scatter. These cells are further 

analysed for CD19 expression and the second gate, R6, selects B-cells (CD19+ cells). These B-cells (R6) are further analysed for CD21 and 

CD38 expression to identify gate 4, CD38lowCD21low cells. Alternatively, the B-cells (R6) are analysed for IgM versus CD38 expression to 

identify gate 5, transitional B-cells (CD38hiIgMhi) and gate 6, plasmablasts (CD38hiIgMlow).  Taken from [1] 

 

7 

8 

9 
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4.3 Results 

 

Immunoglobulin concentrations 

The immunoglobulin concentrations of the CFS patients and controls were normal, as 

measured by rate nephelometry (Table 4.2). This was expected as neither of the groups 

reported recurrent infections.  

Table 4.2  – Immunoglobulins (Ig) concentrations of CFS patients and controls. IgG and 

IgM were parametrically distributed, so were analysed using a T test. IgA was non-

parametrically distributed and was analysed using a Mann Whitney U test. 

 

 

Ig 

CFS patients (n=33) (g/L) Healthy Controls (n=24) (g/L) P 

value Min-Max Mean SD Min-Max Mean SD 

IgG 7.3-16.1 11.1 2.22 7.6-15.3 11.1 1.85 0.94 

IgM  0.5-3.7 1.4 0.6 0.5-2.3 1.3 0.5 0.57 

 Min-Max Med 25% & 75% 

quartile 

Min-Max Med 25% & 75% 

quartile 

P 

value 

IgA 0.8-5.5 1.8 1.4 & 2.3 0.8-4.1 2.2 1.5 & 2.5 0.251 

 

B-cell populations fluctuate in response to many parameters, such as infection and stress, and 

so tight clusters of data were not expected. The majority of B-cell subset populations showed 

no significant difference in patients versus controls, subsets that were significantly different 

are highlighted in light grey (Table 4.3), and shown in (Figure 4.3). CFS patients had greater 

numbers of naïve B-cells as a % lymphocytes - 6.3 % versus 3.9 % in HC (P=0.034), greater 

numbers of naïve B-cells as a % of B-cells - 65 % versus 47 % in controls (P=0.003), greater 

numbers of transitional B-cells - 1.8 % versus 0.8 % in controls (P=0.025) and reduced 

numbers of plasmablasts - 0.5 % versus 0.9 % in controls (P=0.013).
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Table 4.3  – Functional B-cell subsets in CFS patients versus controls 

Results of the statistical analysis of B-cell functional subsets using the non-parametric Mann-Whitney Rank Sum test. P < 0.05 

represent a statistically significant result, these results are highlighted in light grey. The statistical data has not been modified. Med 

– median. Taken from (3) 

Cell population compared 

CFS patients (n=33) Healthy Controls (n=24)  

% 

diff 

 

P 

value 
 

Min-Max 

 

Med. 

   25 % 

quartile 

    75 % 

quartile 

 

Min-Max 

 

Med. 

25 % 

quartile 

75 % 

quartile 

B-cells (% lymphocytes) 3.4-23.2 9.5 6.5 12.8 1.8-19 10.3 6.4 13.9 -8 0.802 

Switched memory B-cells (% lymphocytes) 0.0-5.6 0.4 0.0 0.9 0.0-2.9 0.5 0.2 1.0 -20 0.167 

Switched memory B-cells (% B-cells) 0.0-28.0 5.2 0.0 7.7 0.0-29.0 6.9 3.6 11.9 -25 0.082 

Marginal Zone B-cells (% lymphocytes) 0.2-2.6 0.99 0.7 1.6 0.1-5.7 1.2 0.8 1.4 -18 0.853 

Marginal Zone B-cells (% B-cells) 3.3-25.8 11.0 8.1 16.2 3.0-34.3 11.4 7.5 17.3 -4 0.740 

Naïve-B-cells (% lymphocytes) 1.7-16.3 6.3 4.2 7.9 0.1-12.9 3.9 2.0 6.7 138 0.034 

Naïve-B-cells (% B-cells) 33.8-85.0 65.0 52.8 71.5 0.3-77.6 47.0 32.8 62.9 128 0.003 

CD38low CD21low cells (% B-cells) 0.6-20.3 2.7 1.1 4.4 0.1-68.3 3.1 2.4 4.1 -13 0.193 

Transitional B-cells (% B-cells) 0.0-8.3 1.8 0.5 4.1 0.0-7.3 0.8 0.3 1.2 155 0.025 

Plasmablasts (% B-cells) 0.0-8.6 0.5 0.3 1.1 0.1-24.3 0.9 0.6 2.7 -44 0.013 

CD27+ cells (% B-cells) 12.6-45.8 25.2 19.5 37.5 13.6-97.0 27.4 19.3 46.0 -8 0.268 

non-switched memory B-cells (% B-cells) 5.0-27.6 13.3 9.5 18.0 7.1-97.0 14.5 11.6 24.8 -8 0.162 
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Figure 4.3 – Graphs 

summarising B-cell subsets 

which are significantly different 

between 33 CFS patients and 24 

Healthy controls. 

A) Percentage of B-cells that are 

transitional B-cells. CFS patients 

had 1.8 % versus 0.8 % in 

controls (P=0.025). 

B) Percentage of lymphocytes 

that are naïve B-cells. CFS 

patients had 6.3 % versus 3.9 % in 

HC (P=0.034). 

C) Percentage of B-cells that are 

naïve B-cells. CFS patients had 

65 % versus 47 % in controls 

(P=0.003). 

D) Percentage of B-cells that are 

plasmablasts. CFS patients had 

0.5 % versus 0.9 % in controls 

 

A B 

C D 
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4.4 Discussion 

A well-defined group of CFS patients and a group of age, sex and ethnicity matched 

controls was selected. No difference in the immunoglobulin concentrations was 

detected. However, compared to the controls the CFS cohort had significantly greater 

proportions of transitional B-cells, naïve B-cells and reduced proportions of 

plasmablasts expressed as a percentage of B-cells. The CFS patient’s greater 

proportions of naïve B-cells compared to controls is not surprising as they have 

greater proportions of transitional B-cells that are naïve B-cell progenitors. 

Nonetheless, it is also possible that CFS patients may be producing more BAFF to 

allow the survival of these increased proportions of naïve B-cells. In CFS patients, 

memory B-cell subsets were comparable to controls, but plasmablasts were reduced. 

One explanation for reduced plasmablasts in the CFS cohort is that increased numbers 

of transitional B-cells and naïve B-cells may overwhelm the B-cell maturation 

process, which may consequently become suboptimal. Alternatively T-cell help 

provided by cytokines may not support naïve B-cells to develop into plasmablasts. 

 

4.4.1 CFS and B-cells 

 

B-cells produce antibodies and are potent antigen presenting cells. Impairment of B-

cell function or development leads to recurrent infections, or a propensity to 

autoimmunity or allergy. The majority of early studies on CFS patients found no 

difference in B-cell numbers or immunoglobulin concentrations compared with 

healthy controls [64, 102]. Interestingly, one study did find increased B cell 

lymphocyte numbers in CFS patients, with a subset of these patients (37%) having an 

expansion of CD5+CD19+ B cells. These latter cells have been considered producers 

of IgA, with increased numbers putatively involved in autoimmune disease [43]. 

However, all of these studies were published before the new CFS case definitions 

were proposed, thus our CFS cohort is not directly comparable to these studies. 

Regardless, CFS patients do not suffer from significant recurrent upper or lower 

respiratory tract bacterial infections, so it is unlikely that CFS patients have profound 

B-cell abnormalities. However, patients with CFS have been shown to benefit from 

treatment with repeated infusions with Rituximab, an anti CD20 chimeric antibody 
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[90, 91]. This antibody targets CD20 positive B cells and kills them via three different 

possible mechanisms: Antibody dependant cell cytotoxicity (ADCC) via Fc receptors 

on cells like NK cells, complement mediated cellular cytotoxicity or programmed cell 

death. A subset of patients showed a symptomatic benefit from the infusions that 

coincided with B-cell depletion [91]. In these studies approximately 65% of CFS 

patients showed lasting improvements in fatigue scores although the response was 

delayed. This is similar to the response seen in other autoimmune diseases, like 

rheumatoid arthritis treated with rituximab and is thought to be related to the time 

taken to reduce circulating autoantibody levels.  However a recent trial in Norway 

involving more than 150 patients showed no benefit and was discontinued, although 

this has yet to be published.  Thus a subset of CFS patients may have some unusual, 

unrecognised autoimmune disease, or it is possible that CFS patients are unable to 

control lymphotropic viral infections due to some defect of B-cell memory or T-cell 

dysfunction.  In this respect it is interesting to note that EBV infection has long been 

considered a possible trigger for CFS and the removal of EBV infected B cells by 

rituximab associated with clinical improvement is an attractive theory. The 

complication in proving this theory is the widespread nature of this virus in the 

general population[119]. Presently, extended B-cell immunophenotyping has not been 

reported on the CFS patients that received Rituximab. The beneficial effect of 

Rituximab prompted the search for a subtle defect in B-cell subsets, which would not 

have previously been detected by a simple analysis of B-cell numbers.  Interestingly 

rituximab has been suggested as possibly harmful to CFS patients who have a general 

propensity to reduced NK cell function as it further reduces NK cell cytotoxicity 

[120]. 

In a recent study using whole blood gene expression in 29 adolescent CFS patients 

[121], 176 genes were differentially expressed, including CD79a, which is involved in 

B cell differentiation, activation and signalling, Tumour necrosis factor receptor 

superfamily 13C, which is involved in B cell homeostasis, and fms related tyrosine 

kinase 3 which has effects on numerous aspects of the immune system including B 

and pro B cell differentiation and responses to cytokines. The authors concluded that 

in this quite homogenous group of patients, there was evidence of abnormal B cell 

differentiation and survival, which was linked to evidence of an altered hypothalamus 

–pituitary-adrenal (HPA) axis. These abnormalities were also significantly linked to 
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post exertional malaise. Interestingly they also found evidence of an up-regulated 

antiviral response. 

 

4.4.2 CFS and altered B-cell subsets 

 

In patients with CFS it is possible that there are one or more alterations of B-cell 

maturation which may lead to an increased tendency to autoimmunity and a subtle 

humoral immune dysfunction. B-cell negative selection requires appropriate 

integration of complex signals that are also key for clonal expansion, isotype 

switching, affinity maturation, long lived memory, and maintaining tolerance to self-

antigens. At least two broad categories of genetic defects promote loss of B-cell 

tolerance and promote autoreactivity. If B-cell thresholds for cellular signalling, 

activation, or proliferation are altered this will increase the risk of self-reactive B-cells 

escaping the checkpoints and the potential of autoimmune disease. Additionally, 

defective apoptotic genes increase B-cell life spans, allowing survival of self-reactive 

B-cell clones, leading to the potential of autoantibody production and possible 

autoimmune disease. There are a small number of studies showing an increased 

frequency of low level auto-antibodies directed against nuclear, thyroid and other 

antigens in CFS patients [122]. Others have proposed autoimmunity to neuropeptide 

antigens [123]. Alternatively, depletion of B-cells may have resulted in the removal of 

the reservoir of lymphotropic B-cell viruses such as EBV. However, the clinical 

improvement of patients with CFS after Rituximab treatment suggests an active 

process by which the dysfunctional B-cell maturation process contributes to 

symptomatology. It would be interesting to monitor B-cell subsets of CFS patients 

before and after Rituximab treatment and monitor repopulation of the different B-cell 

subsets with the return of symptoms.  

 

CFS patients do not experience splenomegaly or granulomatous disease, but some 

complain of lymphadenopathy. Thus the B-cell characterisation of the CFS patients 

was used to assess whether CFS patients exhibit similar B-cell subset abnormality 

patterns to the CVID patients, and whether there is a significant difference with 

controls (Table 4.3). Intriguingly, the CFS patients showed increased transitional B-

cells compared to controls (1.9 % of B-cells in CFS group compared to 0.8 % of B-

cells in HC group, P=0.025). In the CVID patient cohort, increased transitional B-
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cells (> 9 % of CD19+ B-cells) are associated with lymphadenopathy, a pathology 

that CFS patients commonly experience. A reported normal range of transitional B-

cells as a percentage of B-cells is 0.6-3.4 % of B-cells [112] and so the CFS cohort in 

this study had only a modest expansion of transitional B-cells compared to controls. 

However, the CFS patients examined in the current cohort were mainly moderate 

sufferers with intermittent but not persistent lymphadenopathy. It is tempting to 

speculate whether a group of severe CFS patients suffering from more frequent or 

significant lymphadenopathy may have an even greater increase of their transitional 

B-cells perhaps, similar to that in the CVID cohort. 

These findings of reduced plasmablasts and increased transitional and naïve B cells 

were not seen in the only other study looking at B cell immunophenotyping that 

showed no detectable difference between the B cell memory compartments between 

normal controls and CFS patients as defined percentages IgG+, IgD+, IgA+ and 

CD27+ B cells. They also found no difference in the levels of transitional 

(CD19+IgD+CD38highCD10+CD5+), plasma (CD19+CD27highCD38high) or marginal 

zone B cells (CD19+IgD+IgM+CD27+CD1c+) between the controls and patients. 

[113]. The difference between the two studies could relate to the different criteria in 

CFS patient selection. The first study selected CFS patients using the Fukada criteria 

and included patients with depression, some of whom were on anti-depressants. Our 

study used the Canadian, Oxford and Fukada selection and also a more rigorous 

selection as mentioned in the introduction weighting difference clinical features [22]. 

Furthermore, patients with significant depression were excluded using the HADS 

scale for depression and anxiety. 

 

Recently, B cell subsets were examined and no differences found between CFS 

patients and healthy controls for classical B cell markers, immunoglobulin D (IgD), 

CD27 and CD38 as well as CD5, CD21, CD23, B cell activating factor (BAFF) 

receptor and IgM [124]. Interestingly, they found a significant difference in the 

expression of CD24 on IgD positive B cells between CFS patients and healthy 

controls with both percentage and intensity increased in CFS patients. They were 

unable to show any relationships with disease duration. CD24 is a glycoprotein 

expressed on most B cells and is a marker for transitional B cells. It is highly 

pleomorphic with some polymorphisms associated with autoimmune disease [125] 
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B cells require T cell help for normal development and function. It is possible that 

alterations in T cell populations and cytokine dys-regulation are factors that may 

contribute to possible abnormalities of B-cell development in CFS patients. A recent 

study also examined B cell and T cell subsets in 22 CFS patients compared to 30 

healthy controls [113]. This group found no alterations in B cell subset or 

proliferation, however they used the Fukuda criteria alone to diagnose CFS that may 

explain the differences between this paper and the current study [1, 113]. The study 

did, however, find significant differences in the NK and T cell subsets with CFS 

patients having reduced numbers of NK cells (as a % of lymphocytes) and reduced 

CD8+ T cells (as a % of T cells) [113]. More specifically, the T cells appeared to be 

generally hypo-responsive with lower levels of effector CD8+ T cells (CD45RA- 

CCR7- CD27- CD28+) and increased levels of T regulatory cells defined by CD4+ 

CD25++ FOXP3+ [113].   

 

In conclusion in this study patients with moderate CFS have increased proportions of 

transitional and naïve B-cells and reduced plasmablasts. The precise basis for these 

findings is unclear and this work does not allow clarification of whether these changes 

are the cause of the CFS symptoms or the result of patient inactivity, sleep disturbance 

or raised stress. The therapeutic response to Rituximab suggests that B-cells are some 

how involved in the pathogenesis or perpetuation of CFS symptoms. The results 

found here would suggest that there is a developmental or regulatory problem within 

the B cell populations. It is subtle and is not sufficient to cause the problems that 

patients with a severe immunodeficiency would have although it could possibly 

contribute to the autoimmune findings that have been identified in CFS [126, 127]. It 

would be interesting to look at B cell immunophenotyping on patients before and after 

rituximab therapy to see if there is a correction in the subsets and to see if B cell 

subsets changed depending on clinical improvement or not. Although this has not 

been performed yet, serum BAFF (B cell activating factor) and A Proliferation 

Inducing Ligand (APRIL) levels have been measured in CFS patients pre and post 

rituximab and showed no significant differences between patients and healthy controls 

or between responders and non – responders to rituximab or between different disease 

severities [128]. 
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5.0 CFS and Cytokine Analysis 

5.1 Introduction 

Cytokines are a heterogeneous group of small glycoproteins, produced mainly by 

leucocytes, that play important roles in cell signalling, with a particular significance in 

host defence against microorganisms [129]. They are able to amplify and regulate 

immune responses and are crucial to the recruitment of immune cells to sites of 

infection and inflammation. Cytokines include the interleukins (IL), chemokines, 

lymphokines, Tumour Necrosis Factor (TNF) and the interferons (IFN) and can be 

divided into either pro-inflammatory or anti-inflammatory. Pro-inflammatory 

cytokines promote inflammation while anti-inflammatory cytokines suppress 

inflammation although some cytokines have both pro- and anti-inflammatory actions 

depending on the circumstances. Some cytokines are non-redundant in terms of their 

actions, for example the role of IL-21 in the promotion of B-cell activation, 

differentiation or death during humoral immune responses [130] although most act in 

cascades with overlapping actions.  This, along with the sheer number of cytokines 

and their multiple actions leads to difficulties in dissecting inflammatory responses. 

Obviously, the balance between pro- and anti-inflammatory cytokines will govern 

what type and how strong the inflammatory response will be and disruption of the 

balance could lead to increased susceptibility to infections, autoimmunity and allergy 

[131, 132]. Indeed, increased inflammatory processes are linked to a number of 

diseases [133, 134]. 

The main pro-inflammatory cytokines are IL1 alpha and beta, IL 6, TNF alpha and 

IFN gamma with TGF beta, IL4 and IL10 being the main anti-inflammatory cytokines 

with the ability to down-regulate pro-inflammatory cytokine production. The pro-

inflammatory cytokines are mainly produced by leucocytes but also by other cell 

types like parenchymal cells and act on a number of different cell types and 

collectively result in increased vascular permeability and reduced blood flow together 

with increased endothelial adhesion. These changes result in the recruitment and 

activation of a range of immune cells and the build up of various inflammatory 

mediators such as complement and acute phase proteins. 
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The clinical features of fever and fatigue that could leave CFS patients weak to the 

point of exhaustion and the significant joint and muscle pain initially prompted the 

investigation of cytokines in CFS due to the similarities with influenza virus 

infections. In influenza, these symptoms were due to a so-called ‘cytokine storm’ 

[135] where an exaggerated, dysregulated  pro-inflammatory immune response 

against the virus results in tissue injury and possible death rather than the clearance of 

the virus. A number of studies and clinical trials have suggested a direct relationship 

between the cytokine storm, immunopathology and clinical outcome [136]. Despite 

these findings it is still unclear as to the mechanism that causes the cytokine storm or 

the genetic factors that may affect it and why some individuals are relativity resistant 

to cytokine storms [137]. In influenza, researchers have found that in patients who 

have a severe cytokine storm, much higher levels of pro-inflammatory cytokines 

particularly IFN gamma and TNF alpha are seen, with the level of TNF alpha 

correlating with severity [138].  

Based on these findings, CFS researchers have looked at a variety of cytokines using a 

variety of techniques and on a variety of fluids. The findings have been very variable 

to say the least [139-141] although one systematic review, using established criteria 

for CFS to select patients and without stimulation of the samples, did find that 

elevated TGF beta was found in 5 out of 8 studies (63%).  However, they did add that 

the quality of the papers varied, and that there was insufficient data on some cytokines 

[31]. They also found no difference in circulating cytokine levels between CFS 

patients and controls following exercise, confirmed in another review [142]. As an 

example of the heterogeneity of the findings in CFS, a paper published in the same 

month showed a reduction in levels of circulating IL16, IL17 and VEGF-A in patients 

with long standing CFS [143]. They suggested that the profile was CFS specific as 

they had used the same profile of cytokines to examine samples from patients with 

liver disease with significant fatigue and observed no changes from controls.  

Recently, Montoya et al [36] have shown that in 192 CFS patients who fulfilled the 

1994 CDC case criteria, the levels of TGF beta were higher and levels of leptin were 

lower as compared to age and sex matched controls. They also found 13/17 of 

cytokines that showed a linear trend with severity were pro-inflammatory (IL4, IL5, 

IL7, IL12, IL13, IL17, leptin, CXCL1, CXCL10, CCL11, G-CSF, GM-CSF and IFN 
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gamma). It is slightly confusing that an anti-inflammatory cytokine (TGF beta) is 

raised in CFS patients, a condition suspected of being an inflammatory or auto-

immune condition. The authors suggested that perhaps it relates to the duration of the 

disease and in fact it is trying to dampen down the dysregulated inflammatory 

response – in which case it could be argued it should correlate with severity like the 

13 pro-inflammatory cytokines. Another theory put forward was that TGF beta might 

not always be anti-inflammatory but that its overall effect might depend on the local 

milieu.  

 In contrast to these findings, in a paper examining cytokines in the cerebrospinal 

fluids (CSF) of CFS patients the only cytokine to be found different from controls was 

a reduced level of IL10, another anti-inflammatory cytokine which, the authors 

suggested, could increase inflammation and lead to the neurological symptoms seen in 

CFS. These findings did not confirm an earlier study where IL10 was increased [144].  

Supporting the notion of cytokines being important in CFS was the finding that the 

severity of the post exertional malaise is linked to cytokine levels in CFS patients 

[145]. Thus using a moderate exercise protocol, White et al found that high symptom 

flare patients had increased IL1 beta, IL6, IL8, IL10, IL12 and IL13 while low 

symptom flare post exercise patients had reduced IL10, IL13 and CD40 ligand 8 

hours post exercise [145]. They also found reduced CD40 ligand in patients prior to 

exercise that was significantly different from healthy controls. These findings were in 

contrast to a systematic review that showed there were no differences between CFS 

patients and controls following exercise [31].  

From the above it is clear that there is marked variability in the results seen in 

cytokine analysis in CFS patients. This is likely the result of the different patient 

selection criteria used, the fluid measured, for example serum versus plasma or CSF 

and the method used (ELISA or luminex). Other variables would include whether the 

study used a stimulated or non-stimulated protocol, the phase of the disease, as well as 

the timings of the samples for both the patient and the control groups [146, 147].  

When one also adds other important immune altering variables such as stress, mood 

disturbance, sleep disruption, the effort required to attend for the blood sampling it is 

easy to see how the cytokine results can be so different across different studies. In an 

effort to keep as many of these variables constant, in this study a clearly defined 
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group of CFS patients was chosen without acute alteration of their mood, significant 

stress, stable sleep pattern and with sampling occurring at a set time of the day and 

after a 30 minute rest. It was hoped that this would produce results that reflected the 

disease specific cytokine pattern in these patients. 

5.1.1 Cytokine measurement using Luminex Technology 

In the samples from the tightly defined CFS patients and controls, cytokine levels 

were assessed using the Biorad Luminex technology, and using a Millipore cytokine 

kit. This technology relies on the use of individually coloured paramagnetic beads, 

conjugated to specific anti-cytokine antibodies that are incubated with the 

plasma/serum. These capture the cytokine of interest and then biotin conjugated 

detection antibodies bind to the bound specific cytokine which forms an antigen – 

antibody complex. This is then labelled with a phycoerthythrin (PE) conjugated 

streptavidin that binds strongly to the biotin and can be visualised using a luminex 

platform like the Biorad Bioplex 200. This two laser machine identifies the beads with 

one laser, therefore knowing which cytokine it is measuring and quantifies the 

specific cytokine with the other (via the PE signal which is directly proportional to the 

amount of cytokine bound). The advantages of this type of technology include the 

ability to examine multiple analytes in a single well using multiple beads, no reliance 

on a chemical reaction to obtain a colour change as in enzyme linked immunosorbent 

assays (ELISA) and the large number of readings from individual beads for the same 

cytokine. Disadvantages are mainly the possibility of interference between the 

multiple analytes in the individual wells [148] although using commercial, validated 

kits should reduce the possibility of this occurring. 

The samples for analysis were not stimulated with mitogens prior to measurement of 

cytokines as this was felt to introduce another variable into the experiment and would 

not be a direct measurement of what is happening in the patient although it would 

mean values would be reduced. 
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5.2 Methods 

Serum was separated from venous samples by centrifugation at 2500.g for 10 minutes 

within 2 hours of collection and stored at -80°C for batch analysis. Cytokines were 

measured on a Biorad Bioplex 200 platform using Millipore reagents following 

manufacturer’s instructions and the data analysed using Biorad Bioplex manager 4.1.1 

software.  

Briefly, the plate was washed using 200uL wash buffer, sealed with foil and left to 

shake for 10 minutes at room temperature. Wash buffer was decanted and residual 

liquid removed by tapping on absorbent paper towels. 25uL of each standard/control 

in duplicate was added into the appropriate wells, with the assay buffer being used as 

the background control. 25uL of assay buffer was added to the sample wells and 25uL 

of serum matrix provided in the kit pipetted into the background, standards and 

control wells. 25uL of serum was then added into the appropriate wells. The mixed 

beads bottle was then vortexed and 25uL added to each well. The plate was then 

sealed with the plate sealer, covered with foil and incubated on a plate shaker for 2 

hours at room temperature. After 2 hours, the plate was washed twice in wash buffer 

and 25uL of detection antibodies dispensed into each well. The plate was then sealed 

and incubated for 1 hour at room temperature on a plate shaker. After the incubation, 

without aspirating the contents, 25uL streptavidin – phycoerythrin was added to each 

well containing the detection antibodies, the plate sealed, covered with foil and 

incubated for 30 minutes at room temperature on the plate shaker. The wells were 

then washed twice with 200uL wash buffer and 150uL of sheath fluid added to all 

wells. The plate was then read on the Biorad Bioplex 200. 

The following cytokines were assayed: IFNγ, IL 10, IL 12 p70, IL 15, IL 22, IL 2, IL 

21, IL 6, IL 27 and TNF-α.  
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5.3 Results 

Table 5.1 details the results of the serum cytokine analysis of patients with CFS and 

the healthy controls. For values below the measureable range 0 was used as the value 

in all statistical evaluations.  These were particularly seen in the IL22 and IFN gamma 

results. 

Using the non-parametric Mann Whitney Rank Sum test significantly increased levels 

of interleukin-12, 21, 22, 27 and TNF alpha were observed in the patient with CFS 

compared to the healthy controls. The levels of the other measured cytokines were not 

significantly different between the two groups.  However, there is considerable 

overlap between the levels of cytokine between the patient and healthy group, 

suggesting that the use of these cytokines as diagnostic or prognostic indicators with a 

defined cut-off is unlikely, even in those cytokines significantly different between the 

two groups. Bearing in mind the wide and varied severity of CFS in this sample 

population, this is not surprising. 

 

Table 5.1: Comparison of Cytokine levels in CFS patients and Controls Results 

were non-parametric distributed so Mann-Whitney Rank Sum test used. P <0.05 is 

considered significant, marked by an asterix *. Units are in pg/ml except IL 22 and 

IL27 which are in ng/ml. Taken from [149] 
 

Cytokine 

Healthy Controls (n = 
24) 
Mean (25-75 
Percentiles) 

CFS patients  (n = 32) Mean (25-75 
Percentiles) 

P 
value 

IFNγ 5.19 (0.00 – 6.59) 7.65 (0.34 -10.59) 0.098 
IL 10 1.99 (0.00 – 1.77) 1.899 (0.00- 2.65) 0.331 
IL 12 
p70 7.40 (2.39 – 9.47) 17.92 (0.00 – 22.38) 0.002* 

IL 15 2.40 (0.00 – 2.79) 3.07 (0.00 – 5.94) 0.246 
IL 22 0.04 (0.00 – 0.058) 0.096 (0.00 – 0.16) 0.015* 
IL 2 2.65 (0.00 – 4.45) 3.31 (0.00 – 4.88) 0.397 
IL 21 21.06 (9.51 – 23.16) 33.57 (15.71 – 44.27) 0.021* 
IL 6 5.45 (0.00 – 5.73) 10.55 (0.00 – 16.82) 0.094 
IL 27 0.56 (0.32 – 0.67) 0.833 (0.44 – 1.11) 0.014* 
TNF-α 5.1 (1.44 – 6.82) 8.43 (3.25 – 9.63) 0.022* 
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5.4 Discussion 

 

Using serum from non-stimulated blood, levels of IL12 p70, IL21, IL22, IL27 and 

TNF alpha were found to be all increased in the CFS patients compared to the healthy 

controls. There was overlap between the levels of the cytokines as would be expected 

thus making it unlikely that cytokine levels on their own could be used to diagnose 

CFS patients and it is possible that disease controls, for example, systemic sclerosis 

(SS) patients could show even greater overlap.  SS patients often have high levels of 

fatigue associated with their condition. 

 

5.4.1 CFS and IL12 

 

IL12 and IL27 are both members of the IL12 family of cytokines, which also include 

IL23 and IL35, and their main role is in the differentiation of T helper cells. They are 

structurally and functionally related and have both pro- and, in the case of IL27 anti- 

inflammatory effects (reviewed in [150]). IL12 is a disulphide linked heterodimeric 

70kDa cytokine, formerly called cytotoxic maturation factor or natural killer cell 

stimulatory factor (NKSF). It is a pleiotropic cytokine mainly produced by 

monocytes, macrophages and dendritic cells in response to bacterial products or by 

contact with activated T cells. It causes interferon gamma production by B cells as 

well as inducing T cell and NK cell proliferation and cytotoxicity. The significantly 

increased levels of IL12 observed in the CFS patient population examined is 

interesting when related to previous reports of reduced NK cytotoxicity [2] and of a 

Th2 biased immune system in CFS patients. [98]. Regardless, it is possible that the 

IL12 receptor in patients with CFS is functionally impaired in specific cell types. 

Alternatively, the B cell dys-regulation in those with CFS may allow the development 

of anti-cytokine antibodies that may impair the functioning of specific cytokines. 

These have been detected in a number of conditions, particularly autoimmune 

diseases but also in healthy individuals. In autoimmune diseases these autoantibodies 

may be prognostic such as autoantibodies to IL8 in rheumatoid arthritis and may alter 

the course of the immune response [151]. Both of these suggestions would explain the 

normal levels of IFN gamma observed as well as the absence of any alteration in NK 

cell cytotoxicity.  In regard to B cells, IL12 has been shown to inhibit B cell 

differentiation to germinal centre cells and promote differentiation into short lived 
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plasmablasts [152] . Impaired IL12 activity may thus explain the previous finding of 

reduced plasmablasts in those with CFS [1].   

 

5.4.2 CFS and IL21 

 

IL21 has a key role in the development of high affinity B cell clones in the germinal 

centre (GC) via its expression by T follicular helper cells (TFH). IL21 promotes both 

immunoglobulin isotype switching, particularly to IgG4, and also immunoglobulin 

production generally by B cells. It is also involved in the maintenance and function of 

CD8(+) memory T cells and natural killer cells. One principal non-redundant role of 

IL21 is the promotion of B-cell activation, differentiation or death during humoral 

immune responses. Recently it has been shown in a mouse model that IL21 appears to 

have a role in the production of regulatory B cells that have a key function in 

producing IL10 and regulating auto-reactive T cells [130].  

 

The increased level of interleukin21 in the patients in this study raises the possibility 

of impaired B-cell maturation. In this regard in the previous chapter it was shown 

increased numbers of the more immature B cells in CFS patients [1]. It is possible that 

some B cells may escape rigorous negative selection. As such, it could be speculated 

whether patients with CFS have an increased burden of immature auto-antibody 

producing B cells. The clinical improvement in CFS patients after rituximab treatment 

[91, 153] lends some weight to this suggestion. However, immunoglobulin levels 

overall in CFS patients are not generally reduced [1] which explains why these 

patients do not succumb to those infections seen in the recognized antibody deficiency 

diseases.  

 

5.4.3 CFS and IL27  

 

IL-27 is essential for the function of TFH cells and for germinal cell responses. This 

may be via IL-27 mediated T cell production of IL-21, which as mentioned previously 

is a known autocrine factor for the maintenance of follicular helper T cells (TFH cells), 

in a STAT3-dependent manner. IL-27 also enhances the survival of activated CD4+ T 

cells and the expression of TFH cell phenotypic markers.  IL-27 has a non-redundant 
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role in the development of T cell–dependent antibody responses [154] and thus its 

increase in CFS patients could impact on antibody responses. 

 

5.4.4 CFS and recent findings in Cytokines 

 

It is not known whether the above cytokines fluctuate in level with disease severity or 

how stable they are within an individual patient over time. Longitudinal studies will 

be required to investigate this and to correlate levels with cellular aspects of the 

immune system. Another possibility is that there is a defect in some common aspect 

of the IL12 family of cytokines. It may be useful to investigate serum levels of IL23 

and IL35. Broderick et al [155] investigated post infectious chronic fatigue syndrome 

patients and found decreased levels of IL23, together with increased levels of IL8 and 

IL2, which the authors suggested supported a dysregulation within the Th17 cell 

pathway as IL23 is essential for the complete differentiation of Th17 cells. 

Interestingly, recent work has suggested that alterations in the cytokine profile may be 

related to disease duration [156]. These researchers stratified the patients, all female, 

into young (<18 years) and short duration (<2 years), adult (18 -50 years) and 

moderate duration (7 years) and older (50 years and over) and long duration (11 

years). Early illness was defined by increased IL1 alpha and IL8 with decreased IL6, 

while increased IL1 alpha and IL6 with lower IL8 was more typical of moderate and 

late course patients. Similar findings of characteristic alterations in different phases of 

CFS were also found using network analysis investigating the levels of 51 cytokines 

in over 300 CFS patients [157]. They found significant differences in two cytokines, 

CD40 ligand and Interferon gamma (IFN gamma), where reduced CD40L and 

increased IFN gamma were associated with disease duration of 3 years or less 

compared to longer duration (> 3 years) in CFS patients and healthy controls. In 

another study investigating cytokine differences between short and long duration 

disease, highly significant reductions in IL16, IL17 and VEGF-A (Vascular Epithelial 

Growth Factor A) were seen in the long duration group as compared to the short 

duration and control groups [143]. 

 

In a recent study characterising immune cells in patients with CFS, significant 

differences between different cell populations were detected [48]. pDCs and immature 

B cells were decreased in number in CFS patients compared to controls, while 
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memory B cells and FoxP3 T regulatory cells were increased [48]. Interestingly, NK 

cell lysis of K562 tumour cells was decreased while degranulation and IFN gamma 

production by the NK cells were increased, perhaps due to frustrated inability to lyse 

the K562 cells. The study also examined cytokines, finding no difference between 

patients and controls in IL-2, IL-4, IL-10, IL-7A, IL-6. However, in the CFS patients, 

IFN gamma was significantly reduced and TNFα was significantly 

increased compared to controls. In our cohort of CFS patients, IL-12, IL-21, IL-22, 

IL-27 and TNFα were significantly increased. The precise cause for these differences 

is unclear and along with the considerations detailed at the beginning of this 

discussion other factors would include serum levels of vitamin D that were low in 

many of the patients in this study and were likely normal in the patients in Australia 

[48]. Vitamin D has a profound affect on several aspects of the immune system [158], 

and needs consideration in future studies. 

 

In a further study by Broderick et al [159] network analysis was used to dissect the 

cytokine profile of 16 cytokines in CFS subjects and healthy controls. Levels of IL-1a, 

1b, 2, 4, 5, 6, 8, 10, 12, 13, 15, 17, 23, IFN-gamma, lymphotoxin-alpha (LT-alpha) 

and TNF-alpha were measured in non-stimulated plasma of 40 female CFS and 59 

controls. The CFS network showed highly attenuated Th1 and Th17 immune 

responses. High Th2 marker expression with weak interaction patterns suggested an 

established Th2 bias. There was also indirect evidence of reduced NK cell reactivity 

to IL-12 and LT-alpha stimulus.  These findings are consistent with responses seen in 

latent viral infection  

 

In the cytokine analysis, methodological variables were addressed by the elimination 

of a stimulation step. Additionally, neat serum was used in the assays as values lower 

than those generated by peripheral blood stimulation were expected. Read alongside 

the results supporting B cell dys-regulation, the present findings showing significantly 

increased levels of IL12, IL21, IL27 and TNF-α in patients with CFS and increased 

effector T cells (both CD4 and CD8) with reduced cytotoxic naïve T cells and 

cytotoxic central memory T cells, that suggests diffuse immune dysfunction. It is 

possible that this may leave patients open to recurrent viral infection or viral 

reactivation and perhaps contribute to a subtle tendency to autoimmunity. 
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Interestingly, it has been shown EBV dUTPase even in the absence of full EBV 

proliferation is capable of stimulating inflammatory cytokine production and reducing 

T cell proliferation induced by mitogenic stimulation [160]. Thus actual viral 

replication is not critical for EBV induced immune dysfunction.  In this light the 

results presented here are interesting - showing that the cytokines involved in 

promoting antiviral immunity via the cellular immune system are increased in those 

with CFS/ME; specifically increased levels of IL12, IL21, IL22 and IL27. It will be 

interesting to see whether the levels of these cytokines are altered by variations in the 

clinical state of the CFS/ME.  

 

Taken together, all these different findings suggest an inconsistency in cytokine 

research in CFS. It is difficult to determine cause or effect and the heterogeneity of 

the patient group certainly doesn’t help. Large multicentre studies on large numbers of 

patients has helped generate more robust data although more longitudinal studies over 

a longer time frame may be helpful in the future. Most of the patients investigated in 

this study were moderate severity patients with established disease so analysis of short 

and long duration was not possible. 
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6.0 CFS and T cell Immunophenotyping 

 

6.1 Introduction 

 

The importance of T cells in cellular immunity, and the containment of viral 

infections, in particular, has led many to suggest T cell dysfunction as pivotal in the 

aetiology of CFS. Clinically, this has been supported by the common experience 

amongst patients with CFS of recurrent flu-like symptoms with myalgia and low-

grade fever. Overall, however, research into T-cell phenotypes in CFS patients has 

been inconsistent (reviewed in [2]). Several early studies showed no differences 

between T cell numbers in CFS patients as compared to healthy controls [64, 102, 

109, 161]. In contrast, other early studies reported CFS patients to have decreased 

numbers of T-cells [103, 162]. This particularly affected the CD8 T-cells [163] or led 

to reduced activated CD8 T-cells [44, 103, 164, 165]. Interestingly, one study reported 

that decreases in CD8 T-cells correlated with fatigue symptoms suffered by CFS 

patients [166].  

 

6.1.1 CFS and CD8 T cells 

 

CD8 T cells are important in both the innate and adaptive arms of the immune 

response and have a role in recognising intracellular pathogens via the Major 

Histocompatibility Antigen Class 1 (MHC 1). Recognition of an ‘altered self’ MHC 

results in clonal CD8 T cell proliferation, cytokine production and lysis of infected 

cells [167]. These cells are able to kill damaged/infected cells in a number of ways; 

they produce lytic proteins like granzymes and perforins which, upon entry into a 

target cell, degrade DNA and induce apoptosis. CD8 T cells also express death 

receptors (Fas/ CD95) that can induce apoptosis via the caspase system [168, 169].  

Disturbances in CD8 T cell numbers and function have been associated with a number 

of autoimmune diseases including diabetes and murine models of MS [170-172]. 

 

Reduced T cell numbers, particularly reduced activated CD8 T cells would be 

consistent with reduced ability to respond to viral infections. However, the picture is 

complex, with a further study describing increased numbers of CD8+ CD38+ T-cells 

in CFS patients with gradual onset disease, while acute onset patients had reduced 
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numbers of CD8+ CD11b+ cells [173]. A recent study examining T cells in CFS 

patients found significant differences in the T cell subsets; with CFS patients having 

reduced numbers of CD8 T cells (as a % of T cells) [113]. The T cells appeared to be 

generally hypo-responsive with lower levels of effector CD8 T cells (CD45RA- 

CCR7- CD27- CD28+) which the authors suggest indicates that in CFS patients the T 

cells are exhausted, perhaps due to overstimulation by a chronic recurring infection or 

by auto-antigens.  

 

In an interesting study, a group of CFS patients, defined using the Fukada criteria, 

were examined for their responses to EBV antigens. Numbers of T cells, both CD4 

and CD8 populations were similar in both the patients and controls groups. However, 

deficiencies were noted in the T cell response to EBV antigens, notably in the IFN 

gamma, TNF alpha and IL2+ triple positive T cells, with 52% of CFS patients with a 

diminished CD8 triple positive response compared to healthy controls [174]. B cell 

responses were also deficient in the CFS patient group and the authors concluded that 

their results suggested an inability in some CFS patients of controlling the early stages 

of EBV reactivation. 

 

Persistent T-cell activation with antigen occurs during chronic infection and causes 

naïve T-cells expressing CD45RA to develop into long lived memory T-cells 

expressing CD45RO [175]. However, T-cell memory is also influenced by the 

strength of the initial T-cell receptor (TCR)-antigen MHC interaction [176]. Acute 

viral infections are associated with expansion of the naïve T-cell pool, while chronic 

viral infections result in chronic immune stimulation, which may result in immune 

exhaustion, particularly with CD8 T-cells [177]. The extent of clonal expansion of 

CD8+ T-cell memory requires a combination of IL15 and IL7, while CD4 memory 

involves TCR and IL7. Upon acute viral infection, there is a marked expansion of 

CD8 T-cells followed by contraction, with resultant long-lived stable memory 

populations. CD4+ T-cell expansion and contraction is less profound and there is a 

gradual loss of CD4 memory T-cells [93]. For all T-cells, long-lived memory is 

maintained by continued antigen or cross-reactive antigen stimulation. This is 

particularly evident in persistent viral infections, such as with EBV infection. 

Interestingly, in acute EBV induced mononucleosis, IL-7Rα (CD127) expression is 

lost by all CD8 T-cells including EBV antigen specific CD8 T-cells [94]. This not 
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only diminishes important anti-viral CD8 memory T-cell development but may also 

impair B cell function. Thus EBV infected B cells persist and many with autoimmune 

reactivity, which are normally deleted, are rescued from apoptosis by EBV [178].  

  

6.1.2 CFS and CD4 T cells 

 

The findings with regards to CD4 T-cells are no clearer with CD4 T cell numbers 

being described as low in CFS patients compared to controls [173], but normal in 

other studies. CD4 T cells are required to stimulate B cells and other immune cells, 

and without CD4 help, these cells are inefficiently and inadequately activated. 

Reduced percentages of naïve T helper cells (CD4+ CD45RA+) have been observed 

in CFS patients [44] and this finding was confirmed in  another study [179]. However, 

many of the T-cell phenotypes identified in one study could not be confirmed in other 

studies, where no differences in T-cell number or activation markers were detected 

[64, 102]. As a result of these discrepancies and in the light of the subtle differences 

seen in the B cell compartment, analysis of T cell subgroups using cell surface 

markers identified by labelled antibodies and flow cytometry was undertaken to 

identify differences between CFS/ME patients and healthy controls. 

 

6.2 T cell immunophenotyping method 

Briefly 1 mL of whole blood (EDTA) obtained by venepuncture from CFS patients 

and healthy controls was washed three times in PBS/Azide at 600g for 90 seconds. 

The blood was re-suspended in 1mL of PBS/Azide/BSA. Five tubes per patient were 

appropriately labelled and antibody combinations were added as in Table 6.1. 10 uL 

of antibody was used except for anti CD127 PE (2 uL). 100 uL of washed blood was 

added to each tube, the tubes were mixed and incubated at 4 oC for 20 minutes in the 

dark. 2 mL of FacsLyse (Becton Dickinson (BD), Oxford, UK) was then added, the 

tubes were mixed and incubated for 10 minutes at room temperature in the dark.  The 

cells were washed twice in PBS/Azide (600g for 90 seconds) and re-suspended in 

1mL of Cellfix (BD, Oxford, UK). Samples were acquired on a FACS Canto (BD, 

Oxford, UK) within 24 hours and analysed using BD Diva software. 
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Table 6.1: Antibody Combinations for T cell Immunophenotyping. Taken from 

[149] 

*Conjugate key: 

• PCP: Peridinin Chlorophyll Protein 

• APC: Allophycocyanin 

• FITC: Fluorescein Isothiocyanate 

• PE: Phycoerythrin 

 

A sequential gating strategy was used to enumerate the various sub populations of T 

cells. Briefly, the FSC and SSC plot allowed definition of the lymphocytes, which 

were then divided into CD3 positive and CD3 negative cells (Figure 6.1). By gating 

on the CD3 positive cells the expression of CD4 was displayed and the gate put 

around either the CD4 positive population or the CD4 negative population (assumed 

to be predominantly CD8 positive cells, although some rare populations such as NK T 

cells and double negative T cells can’t be excluded). The specific markers were 

examined on these defined populations. 

 

6.3 Results 

 

Significant differences between CFS patients and controls were detected in T-cell 

subsets defined by CD45RA and CCR7 expression (Table 6.2). CCR7 is a chemokine 

receptor that mediates lymph node homing [180]. CD45, which is expressed by all 

lymphocytes has two isoforms, CD45RO expressed on memory T-cells and CD45RA 

on naïve T-cells. [175]. The combination of these markers allows separation of naïve 

Tube Antibody panels* 

1 Anti-CD3 PCP Anti-CD4 APC Anti-CD45RA FITC Anti-CD45RO PE 

2 Anti-CD3 PCP Anti-CD4 APC Anti-CD45RA FITC Anti-CCR7 PE 

3 Anti-CD3 PCP Anti-CD4 APC Anti-CD27 FITC Anti-CD28 PE 

4 Anti-CD3 PCP Anti-CD4 APC Anti-CD25 FITC Anti-CD127 PE 

5 Anti-CD3 PCP Anti-CD4 APC Anti-CD45RA FITC Anti-CD31 PE 
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T-cells (CD45RA+CCR7+) from effector T-cells (CD45RA+CCR7-) and also 

effector memory T-cells - TEM (CD45RA-CCR7-) from central memory T-cells TCM 

(CD45RA- CCR7+). TEM are primed to go to sites of effector function, such as 

infection, and upon antigen encounter they express high levels of β1 and β2 integrins, 

which are necessary for migration to inflamed tissues. Upon antigen exposure, TCM 

migrate to lymph nodes where they are effective at activating dendritic cells. Upon 

subsequent encounter with antigen, TCM lose CCR7 expression and become effector 

memory cells and effector T-cells [181]. 

 

CFS patients had significantly greater numbers of effector cells, including: CD4+ TEM 

(CD4+CD45RA-CCR7-); T helper effector cells (CD4+CD45RA+CCR7-); and 

cytotoxic effector T-cells (CD8 CD45RA+CCR7-). Moreover, CFS patients had 

significantly reduced numbers of CD8+ lymph node homing T-cells, specifically the 

cytotoxic naïve T-cells (CD3+CD8 CD45RA+CCR7+) and cytotoxic TCM (CD3+CD8 

CD45RA-CCR7+) (Table 6.2). Importantly, these differences were consistent, 

regardless of whether the subset was analysed as a proportion of all lymphocytes, a 

proportion of T-cells or a proportion of helper or cytotoxic T-cells.
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Surface markers Percentage of CFS Patients (n=33) Healthy Controls  (n=24)   % 
diff 

P- 
Value Mean Min-Max SD Mean Min-Max SD 

CD3+CD4+CD45RA-CCR7- 
T helper Effector Memory cells 

Lymphocytes 8.1 0.09 – 13.5 2.9 5.6 0.8 – 11.6 3.0 44 0.002 
T-cells 13.0 5.2 – 21.5 4.0 8.9 1.4 – 17.0 4.7 22 <0.001 
T helper cells 24.6 7.9 – 39.3 8.3 16.8 2.6 – 37.6 9.7 46 0.002 

Cell surface markers Percentage of 
CFS Patients (n=33) Healthy Controls  (n=24) 

% 
diff 

P- 
value 

Median 
25 % 
quartile 

75% 
quartile Median 

25% 
quartile 

75 % 
quartile 

CD3+CD4+CD45RA+CCR7- 
T helper effector cells 

Lymphocytes 0.4 0.2 1.2 0.2 0.09 0.4 100 0.014 
T-cells 0.7 0.4 1.8 0.3 0.2 0.8 133 0.016 
T helper cells 1.5 0.6 3.9 0.5 0.3 2.2 200 0.015 

CD3+CD8 CD45RA+CCR7- 
Cytotoxic effector T-cells 
 

Lymphocytes 6.1 3.9 10.1 3.8 2.1 6.1 60 0.032 
T-cells 10.3 5.6 15.5 6.3 3.1 10.3 63 0.029 
CTL 21.4 15.5 37.9 14.3 8.2 22.8 50 0.008 

CD3+CD8 CD45RA+CCR7+ 
Cytotoxic naïve T-cells 

Lymphocytes 3.0 2.1 7.3 5.7 3.6 11.2 -47 0.021 
T-cells 4.8 3.8 11.2 10.3 6.5 17.0 -53 0.016 
Cytotoxic T-cells 13.4 9.4 22.1 23.0 15.0 43.8 -42 0.031 

CD3+CD8 CD45RA-CCR7+ 
Cytotoxic central memory T  
cells 

Lymphocytes 1.2 0.9 1.4 2.3 1.2 3.9 -92 0.003 
T-cells 1.9 1.6 2.4 3.4 1.9 6.5 -44 0.003 
CTL 4.2 3.3 6.1 7.1 4.3 15.7 -41 0.002 

Table 6.2– Summary of the significantly different T-cells sub-populations defined by surface markers. Parametrically distributed data 

was analysed using student T-test (first row). Non-parametrically distributed data was analysed using Mann-Whitney U tests, all other rows. 

CTL - Cytotoxic T-cells 
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6.4 Discussion 
 
 
Having found abnormalities in the B cell compartment of CFS patients it is perhaps not 

surprising to find T cell abnormalities. B cells require T cell help for normal development and 

function. Clinically many patients mention frequent sore throats with enlarged cervical lymph 

glands and a predisposition to recurrent viral type symptoms.  In general, the cellular arm of 

the immune system responds to viral infections, with a particular focus on T cells (mainly 

CD8) and NK cells. CFS/ME patients do not succumb to recurrent or opportunistic infections 

as for example immunodeficiency patients do, so clinically they appear to show a subtle 

impairment of the cellular immune system and potentially some T cell dysfunction. The 

findings here of increased CD4+CD45RA-CCR7-, CD4+CD45RA+CCR7- and CD4-

CD45RA+CCR7-, with decreased CD3+CD4-CD45RA-CCR7+and CD3+CD4-

CD45RA+CCR7+ in the CFS patient cohort suggest a subtle abnormality in the T cell 

populations. These results point to two possible explanations. The first is that the CD4-

CCR7+ T cells have migrated to the lymph nodes and so are no longer in the peripheral blood, 

which would suggest some antigenic stimulus, for example infection or auto-antigen is 

activating the T cells. In this case, the T cells would be in the process of losing CCR7 

expression and developing into cytotoxic effector T cells (CD4-CD45RA+CCR7-).  

 

Alternatively, it could be that there is impaired expression of CCR7 that reduces lymph node 

homing that could result in ineffective control of viral infections at these sites. These results 

have been confirmed in a study that showed a reduced CD3+CD8+CD45RA-CCR7-CD27-

CD28+ effector memory cells. Their results showed levels of 4.3% in CFS patients compared 

to 6.7% in healthy controls [113]. However, Hardcastle et al [182] showed that not only did 

CFS patients with moderate disease severity have increased CD8+CD45RA+ effector 

memory T cells, they also showed increases in SLAM (signalling lymphocytic activation 

molecule) on NK cells, KIR2DL5+ and BTLA4+ on CD4+ T cells. Moderate CFS patients 

also had reduced levels of CD8+ central memory LFA-1, KLRG1 on CD8+ T cells and naïve 

CD4+ cells and CD56dimCD16- NK cell CD2+ and CD18+CD2+.  Severe CFS patients had 

increases in CD18+CD11c- and reductions in NKp46 in subsets of NK populations. 
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They concluded that these significant differences in receptor expression suggested 

dysregulation in NK and T cell function and that the severe subgroups may have distinct 

immune signatures that will require further research. The same authors conducted a 

longitudinal study in a cohort of CFS/ME patients over a 6 month period looking at various 

cellular aspects of the immune response [183]. Besides finding increases in iNKT CD62L 

expression in moderate disease and differences in CD56bright NK receptors in severe disease, 

increases were seen in naïve CD8 T cells, when comparing severe to moderate CFS/ME 

patients. This was interpreted as improving the ability of severely affected CFS/ME patients 

to launch an immune response and lower the possible susceptibility to infections. These 

results taken together with other findings of CD8 T cell activation, and reduced CD8 

suppressor T cells [111] support the hypothesis of an activated CD8 T cell response. This 

activated CD8 T cell response may be ineffective and exaggerated in CFS/ME as studies have 

shown reduced cytotoxicity activity of these cells together with reductions in perforin and 

granzyme levels [47]. 

 

In the light of the cytokine results it is perhaps not unexpected that alterations were found in 

the T cell populations. All these cytokines play key roles in T cell development or function. 

However, the cause of the abnormalities is unclear. The CD8 T-cell results suggest that CFS 

patients have more CD8 effector-type T-cells (CCR7-) in the peripheral blood, and have 

reduced numbers of CD8 T-cells with CCR7+, which are capable of homing to the lymph 

nodes in the periphery. There are two possible explanations. The first is that the CD8 CCR7+ 

T-cells have migrated to the lymph nodes, and so are no longer in the periphery, suggesting 

that some antigenic stimulus, such as infection, or auto-antigen is activating the T-cells. In 

this case the CD8 CCR7+ T-cells are likely to have encountered secondary antigen and be in 

the processes of losing CCR7 expression, developing into cytotoxic effector T-cells (CD8 

CD45RA+CCR7-), explaining the increase of these cells in CFS patients. Alternatively, it is 

possible that there is impaired CCR7 expression that reduces lymph node homing which in 

turn leads to reduced control of viral infections at these sites. These findings are in keeping 

with a recent study, which published reduced CD3+ CD8+ CD45RA- CCR7- CD27- CD28+ 
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effector memory cells, 4.3 % in CFS patients compared to 6.7 % in healthy controls, p = 

0.0046 [113].   

 

The situation regarding the CD4 T cells and CCR7 expression is similar to the CD8 cells. It 

can be speculated whether patients with CFS have a global impairment of lymph node homing 

receptors that prevents adequate containment of lymphotrophic viruses by CD8 T cells and at 

the same time is associated with altered B cell function by CD4 T cells. Intriguingly, this 

pattern of increased TEM cells and reduced TCM cells has been seen in the peripheral blood and 

cerebrospinal fluid of patients with inflammatory neurological disease [184]. This is 

particularly interesting, as white matter lesions are increased in those with CFS and the post-

exertion malaise that is seen frequently in those with CFS is also seen in patients with 

multiple sclerosis. It is tempting to postulate that the T cell alterations allow autoimmunity to 

develop against neural auto-antigens, resulting in subtle brain inflammation and contraction of 

brain volume [185]. 
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7.0 CFS and Intracellular cytokine Analysis in CD4 T cell subsets 
 
 
7.1 Introduction 
 
 
 
CD4 T cells have a central role in the immune system, with roles in antibody production by B 

cells, enhancing macrophage killing, production of cytokines and chemokines and the 

recruitment of immune cells to sites of inflammation.  Naïve CD4 T cells differentiate into 

functionally distinct subsets under the influence of a pattern of signals; specific cytokines and 

interleukins and costimulatory signals received during the interaction between the T cell 

receptor and its specific antigen [186]. See Figure 7.0 depicting the currently known subsets 

of CD4 T cells. 

 

The first subsets to be identified were the Th1 and Th2 populations in 1986, with Th1 being 

thought as critical to cellular immunity to intracellular microorganisms and Th2 important in 

immunity to helminths and other extracellular organisms [187]. Each subset is characterized 

by the cytokines they produce, which in turn indicates their function in the immune system, so 

Th17 produce IL17, a pro-inflammatory cytokine associated with the cellular immune system 

while T regulatory cells (Tregs) produce IL10 and TGF beta and are involved in the 

maintenance of tolerance and down regulating the immune response. Defects in either the 

number and function of these subsets can result in a variety of conditions, particularly 

autoimmune disease [188, 189] 
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Figure 7.1. Current state of knowledge of CD4 T cell subsets. Each subset is produced 

from naïve CD4 T cells by the action of different cytokines. Each CD4 T cell subset produces 

different cytokines. Taken from Golubovskaya et al [190]. 

 

Alterations in T cell subsets have been observed in CFS/ME, with increased or decreased T 

regulatory cells (Treg) [48] [54], increased Th2 cells [98] and decreased or increased levels of 

activated CD8 cells [113]  [191] all being reported.  There have been no reports of levels of 

Th17 cells in CFS although there have been reports of alterations in IL17 cytokine levels. 

These cells, have a critical role in mucosal defence as evidenced by the increased 

susceptibility to mucocutaneous candidiasis (CMC) seen in Th17 deficiency [189].  The 
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development of Th17 cells is dependent on cytokines that exert their effect on naïve T cells. 

The cytokines involved in Th17 development include IL1 beta, IL 6, TGF beta, IL 21 and 

IL23 which are produced by antigen presenting cells including activated T cells, stimulated 

through identification of pathogen associated molecular patterns (PAMP’s) [192]. In the same 

way that Tregs show plasticity – they can be induced to adapt a Th1 phenotype, able to 

produce IFN gamma and cause tissue damage, Th17 can also be induced to convert to Th1 

IFN gamma secreting cells [193, 194]. Bearing in mind the GI problems associated with 

CFS/ME, any perturbations in this population could contribute to these symptoms, perhaps 

with a failure to clear chronic infections. 

 

Other studies have shown reduced proliferative responses of lymphocytes and reduced levels 

of CD4 T cells [179].  Compared to controls, in CFS patients the percentage of CD4 T cells 

and CD4, CD45RA, or naive T cells, was reduced. The CD4, CD45RO, or memory T-cell, 

subset expressed increased levels of CD29, CD54, and CD58.  CFS patient lymphocytes 

showed reduced proliferative responses to phytohemagglutinin (PHA), concanavalin A ( Con 

A), and staphylococcal enterotoxin B (SEB) .   

 

The increase seen in Th2 cells in CFS is interesting as the original premise for investigating 

Th1/Th2 levels was based on the frequently found reduced NK cytotoxicity.  NK cells play a 

key role in generating Th1 responses, like IFN gamma and TNF alpha. Thus any loss of 

activity would result in a Th2 bias and the possibility of chronic viral persistence, owing to 

the mutual inhibition between Th1 and Th2 cells via their associated cytokines.  

Unfortunately, the study failed to show a relationship between the degree of increase in Th2 

cells and disease severity. 

 

The reductions seen in NK function taken together with increased Treg numbers could 

suggest an increase in suppression. Increased T reg numbers, suppressing antigen-presenting 

cells may also explain the recurrent infections seen in these patients. It is possible that the 

suppression of the immune system by T reg cells may result in the inability to clear viral 

infections, thus leading to continued inflammation. It has been postulated that this chronic 
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inflammation could result in both the increased risk of cardiac events [195] and the increase in 

lymphomas seen in these patients [196]. T regulatory cells may also directly affect NK cells 

by preventing their proliferation from CD34 positive cells [197]. However, other researchers 

found lower levels of T regs in CFS/ME patients classified by the Canadian Consensus 

Criteria 2010 [54]. They showed significantly lower levels of CD4+CD25++FoxP3+ T reg 

cells and higher NKT like cells (CD3+CD16+CD56+) in patients compared to healthy 

controls. On NK cells they observed significantly lower levels of NKG2C and significantly 

higher levels of activated NK cells (NK CD69+) and NK CD56++ cells. Using these findings 

they generated a classification model that was able to differentiate between CFS and healthy 

controls in 70% of cases.  

 

Recently Thorell et al [55] found no differences in the numbers of cytotoxic T cell subsets or 

adaptive NK subsets or in pro-inflammatory cytokine production between patients and 

controls. Levels of perforins were also no different between the two groups. Other groups 

have found increases in the levels of lytic proteins, with one group finding co-expression of 

CD57 and perforin on CD56dim CD16+ NK cells from CFS patients significantly increased 

[51]. This group were comparing Multiple Sclerosis (MS) with CFS (and healthy controls) as 

both conditions have common symptoms - profound fatigue, exacerbation of symptoms on 

exertion, abdominal disturbances, cognitive issues, female bias, a relapsing remitting course 

and reduced NK cytotoxicity. They found no common defects within NK cells between the 

two conditions and no differences in killer Immunoglobulin like receptors (KIRs) between 

CFS cases and healthy controls. 

 

The differences found in the studies could be down to dissimilar causes of CFS/ME in the 

different geographic areas, stage and duration of the disease, diagnostic criteria used to select 

the patients, time of sampling, whether whole blood or separated cells were used, how quickly 

the samples were processed, whether the patient had disturbed sleep or mood to name but a 

few variables. What is eminently clear is that a common phenotype is accompanied by a 

diverse range of changes involving both the cellular and protein components of the immune 

system. 
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No published studies have investigated the levels of Th17 cells in CFS/ME. Th1/Th2 and 

Tregs have been investigated but have yielded conflicting results. As these populations are in 

balance the intracellular cytokines that define these populations were measured in CFS/ME 

patients and compared to healthy controls using an intracellular staining protocol and flow 

cytometry. 
 
 
7.2 Methods 
 

7.2.1 Th17/T regulatory cell assay 

 

Th17 and T regulatory cell numbers were enumerated using the Becton Dickinson (Oxford, 

UK) Human Th17/Treg phenotyping kit according to manufacturer’s instructions.   

 

Briefly, PBMC were isolated from heparin containing blood samples using Leucosep tubes 

(Oxford Immunotec, MA, USA) and washed twice in RPMI-CM. Golgistop (Becton 

Dickinson (Oxford, UK) was added to prevent protein secretion via the golgi apparatus. 

Two tubes were prepared basal and test, with PBMC added to both but medium added to the 

basal tube and PMA (40nM) and ionomycin (1.4 mM) added to the ‘test’ tube and then both 

were incubated for 5 hours at 37°C 5%CO2. 

 

The supernatant was then aspirated carefully making sure not to disturb the pellet. 

The pellet was re-suspended in 4ml of stain buffer and centrifuged for 5 minutes at 250g. The 

supernatent was carefully aspirated off and the pellet re-suspended in 0.5 mL of stain buffer. 

4mL of diluted FoxP3 buffer was then added to each tube and the tubes vortexed gently and 

incubated for 20 minutes at room temperature. The tubes were then centrifuged for 5 minutes 

at 250g and the supernatent discarded and the pellet re-suspended in 4 mL of stain buffer and 

left overnight at 4oC. 

 

Tubes were then centrifuged for 5 minutes at 250g and the supernatant aspirated leaving 

approximately 100μl of stain buffer. The pellet was then re-suspended in 0.5 mL of Buffer C 
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and vortexed vigorously and incubated for 30 minutes at room temperature. The tubes were 

then washed twice in 4 mL of stain buffer and re-suspended in 100μl of stain buffer and 

vortexed.  The contents of the tubes were then aliquoted into the appropriate Falcon flow 

cytometry tubes labelled Basal and Test. 20μl of the antibody cocktail and 10μl of anti CD3 

FITC were then added to each tube, vortexed and incubated in the dark for 40 minutes at 

room temperature The cells were then washed twice in stain buffer and fixed in 0.5ml of 

cellfix (Becton Dickinson, Oxford, UK). 

 

20,000 – 30,000 CD4+ events were acquired using the FACScalibur  (Becton Dickinson, 

Oxford, UK) using Cell Quest Pro software, with the basal tube being used to set the 

population marker. 

 

7.2.2 Th1/Th2 cell assay 

A whole blood method was utilised [98] for the enumeration of Th1/Th2 cell cytokines. 

Briefly, whole blood was diluted in culture medium, Golgi plug and Golgi stop (Becton 

Dickinson, Oxford, UK) were added and then cells were incubated with ionomycin (1.4 mM) 

and polymyristate Acetate (PMA) (40nM) overnight at 37oC in 5% CO2.  The cells were then 

stained using the Fix and Perm protocol (Caltag Medsystem, Buckingham, UK), using CD3 

and CD8 to identify the T cells and then staining for intracellular Interferon gamma (IFN 

gamma), Tumour Necrosis Factor alpha (TNF-α), Interleukin 10 and Interleukin 4. 20,000 

cells were acquired within 2 hours on a FacsCanto using Diva software. 

 

 
 
7.3 Results 
 
There were no significant differences in the numbers of Th17, T regulatory cells, Th1/Th2 

intracellular cytokine populations between the patients with CFS and the healthy controls.  

See Tables 7.1, and 7.2 below. 
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Table 7.1 – Comparison of levels of T helper cell intracellular cytokines in normal 
controls and CFS patient 
 
 
 

  IFN γ TNFα IL 10 IL 4 
TNF/ 
IL 4 

IFN/ 

IL 4 

TNF/ 

IL 10 

IFN/ 

IL 10 
Normal controls 

AVERAGE 23.79 65.73 3.07 1.70 49.03 17.55 30.50 10.53 

SD 8.67 18.00 1.89 1.16 19.40 7.51 20.66 6.30 

MEDIAN 24.06 69.51 3.03 1.29 48.65 18.41 22.91 9.03 
CFS patients 

AVERAGE  26.50 68.26 2.71 2.07 41.04 15.61 31.60 11.63 

SD 7.16 12.77 1.32 0.98 17.29 7.73 13.70 5.88 

MEDIAN 25.46 70.615 2.47 1.75 38.8 12.9 25.7 10.8 

P value 0.365 0.807 0.459 0.057 0.088 0.258 0.240 0.201 
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Table 7.2 – Comparison of T regulatory and Th17 cells on T cells in normal controls and 

CFS patients. 
 

  

TREG 

BASAL 

TH17 

BASAL 

T REG 

STIM 

TH17 

STIM TREG/Th17 

Normal controls  

AVERAGE 5.91 0.06 8.69 2.99 3.78 

SD 1.87 0.14 3.24 2.10 1.73 

MEDIAN 5.67 0.01 9.49 2.72 3.79 

CFS patients 

AVERAGE  5.79 0.03 9.07 3.13 4.33 

SD 2.13 0.05 3.50 1.77 4.21 

MEDIAN 4.98 0.01 8.47 3.05 2.55 

P value 0.685 0.751 0.806 0.533 0.345 

 

 

7.4 Discussion: 
 

Using a flow cytometric methodology, examining CD4 T cells, levels of Th1 and Th2 

intracellular cytokines and Th17 cells and Treg cells were measured in a well-defined group 

of CFS/ME patients and compared to healthy normal controls. No differences in the levels 

were seen. This is contrary to several studies, but confirmed in others [55, 96, 98].  

 

Many researchers have summarised the various abnormalities of the immune system in 

patients with CFS [2, 40]. Unfortunately, the medical literature is replete with contradictory 
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results. This may be related to several factors including the use of differing criteria for 

diagnosing CFS/ME as opposed to chronic fatigue of diverse aetiology. Additionally, 

different assays have been used in the various reports and there is no uniform reporting of the 

time of the day that samples have been taken nor the state of the patient’s physical and mental 

health at the time of sampling. Further problems relate to the degree of effort required for 

patients to attend for blood sampling and the quality of the patients’ previous night’s sleep. In 

the present study all patients were stable in regard to their CFS/ME, had no evidence of 

significant anxiety and depression and had blood taken in the afternoon having been rested for 

at least 30 minutes beforehand. 

 

Many patients with CFS experience flu- like symptoms such as myalgia. This has led some to 

suggest impaired cellular immunity in this condition. In this regard an alteration in the balance 

between Th1 and Th2 T cells has been suggested [98]. While other T cell changes have been 

documented, these have been inconsistent (reviewed in [2]). Nonetheless, alterations in T cell 

populations may result as a consequence of cytokine dys-regulation. These in turn may impact 

on B cell development and function. 

 

As discussed in the introduction (Section 1.7 and 7.1) , several groups have found alterations 

in the Th1/Th2 balance [98], T regulatory cells [96] and in NK cytotoxicity function [48]. No 

studies have been carried out investigating the role of Th17 cells although IL17F levels have 

been found increased in CFS patients with levels that correlated with disease severity [36]. 

Interestingly normal, increased and decreased levels of T regulatory cells have been observed 

[55, 96, 113], with the raised levels being seen as counterintuitive in the light of the pro-

inflammatory chronic immune stimulation and autoimmunity that is believed to be occurring 

based on other research findings [39]. It is also surprising when reduced levels of IL10 have 

been found in the CSF of CFS/ME patients [139].  It would have been more consistent if the 

levels of Th17 cells had been increased as this population is more related to the pro-

inflammatory response that most studies suggest. However increased Tregs could explain the 

reduced NK function seen in CFS patients [96] as well as having an impact on differentiation 

of NK precursors [197]. 
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It is perhaps not surprising that gross changes in the major subsets of T cells were not 

detected, as major alterations would be associated with significant immunodeficiency. T cell 

subsets are in balance and mutually inhibitory so increases in Treg would likely lead to 

reductions in Th17 and vice versa. Negative selection is the process used by the immune 

system to prevent the generation of diversity of T cell receptors leading to recognition of self 

and the possibility of autoimmunity. If that process of clonal deletion is inefficient for some 

reason, then maintaining peripheral tolerance via Tregs is another line of immune tolerance. 

 

Defects in the forkhead box protein 3 (FoxP3) gene, which is essential for Treg development 

and function, results in significant immune deregulation, polyendocrinopathy and enteropathy 

X linked syndrome (IPEX)[198] that is often fatal in early childhood. Increased levels could 

contribute to subtle immunodeficiency that could affect NK cells, Th1 cells, Th2 cells and 

Th17 cells [198]. Interestingly in Rheumatoid Arthritis, Tregs have been found to be 

functionally anergic using anti-CD3 and anti-CD28 monoclonal antibodies, which was 

corrected by treatment with the anti TNF alpha treatment Infliximab and which also led to an 

increase in levels of Tregs in the peripheral blood [188]. It is possible that the protocol used to 

identify Tregs in this thesis was identifying cells that were not just Tregs – FoxP3 is 

transiently expressed on T conventional cells (Tcon) as is CD25 on activated Tcon cells [198]. 

Perhaps using more antibodies to further define the Treg population, for example the low 

expression of CD127 may better measure the levels of these cells. Similarly to further 

elucidate the nature of the Treg population it may be helpful to use CD45RA to differentiate 

between activated and resting Tregs, with CD45 expression being seen on the resting 

population [199]. 

 

In the present study there were no differences in Th17 cell levels between CFS/ME patients 

and healthy controls. This was not surprising as no differences were seen in Treg populations 

either and these populations show plasticity. Th17 cells secrete pro-inflammatory cytokines 

including IL17, IL21, IL22 and TNF alpha, resulting in increased protection from 

extracellular pathogens. They also secrete chemokines that attract other immune cells to sites 
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of inflammation and the deregulation of IL17 from Th17 cells is associated with RA and MS 

[200, 201]. Although in this study no differences in Th17 cells were found, other evidence 

suggests a role for Th17 in CFS/ME. Network analysis of cytokines in CFS/ME patients 

showed a predominance of Th17 cytokines [159] and exercise in CFS/ME patients, often a 

trigger for exacerbations, resulted in a Th17 response [202]. 

 

In contrast to previous immune based studies a significant increase in T regulatory cells in 

CFS patient compared to healthy controls was not observed here [113]. This may be due to 

the fact that those studies were examining a more heterogeneous study group by the nature of 

the diagnostic selection criteria or alternatively, differences in methodology cannot be ruled 

out as the cause [203]. Also, the severity of the disease and the duration of the disease may 

affect the results obtained, with the patients in this study being predominately moderate 

severity cases. 

 

So in conclusion no significant differences were found in any of the major sub-populations of 

CD4 T cells which is not really surprising as defects at this level would probably result in 

significant immune dysfunction [204-207] which tends not to be seen in CFS/ME. 
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8.0 CFS and NK cells 

 

8.1 Introduction: 

 

Of all the abnormalities described in patients with CFS, those affecting NK cell numbers, 

activation status and cytotoxicity have been most consistently reported.  NK cells are granular 

lymphocytes, derived from CD34+ stem cells and make up between 5 and 30% of all 

peripheral blood lymphocytes. These cells form part of the innate immune response and 

participate in the early defence against viruses, intracellular bacteria and some types of 

tumours. Against viral and bacterial infections and tumours they act not only by cytokine 

secretion, which recruits more immune cells to the site but also by direct cytotoxicity via a 

number of pathways. Interestingly, alterations in these cytokines and NK cytotoxic activity 

have been found in other conditions including multiple sclerosis and rheumatoid arthritis 

[208, 209]. 

 

The defects in NK cells in CFS/ME range from decreased numbers [210], reduced function 

[165, 211], increased adhesion molecules and increased activation markers [43]. While some 

investigators have found increased numbers of NK cells their function nevertheless has been 

decreased [44]. The finding of normal NK cytotoxic activity in CFS/ME is not unusual 

although most studies do report a reduction in function despite normal numbers. Interestingly 

this variation was evaluated in a systematic review of immune dysfunction in CFS [212]. This 

showed an inverse association between study quality and finding of low levels of natural 

killer cells, suggesting that the association may be related to study methodology. It should be 

noted at this point that the laboratory in which the NK cytotoxicity and the Th1/Th2 assays 

were performed for this thesis, is the only laboratory in the UK that perform these tests 

routinely. Here it is used to look at immune function in women with problems conceiving 

where first line tests have failed to identify any problem [213, 214].  

 

Recently, Curriu et al [113], investigated the phenotypes of NK cells in CFS. They found 

increased CD69 and low CD25, a paradoxical phenotype seen in acute influenza infection or 
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vaccination. It was also noted that low CD57 intensity was a feature of CFS patients and that 

NKp46, a receptor important in T cell responses was also increased. However, the numbers of 

CD57 positive NK cells were similar to healthy controls. Despite these differences in 

phenotype the authors could not find any functional differences. Other researchers have found 

significant increases in CD57 expression (and perforin expression) between CFS/ME patients 

and healthy controls [51], in particular on the CD16+ CD56 dim subgroup of NK cells . As is 

often the case in CFS/ME, other groups have found no differences between CFS/ME patient 

NK CD57 expression and healthy controls but did note an inverse relationship between CD57 

and NKp46, (also seen to a lesser extent in healthy controls). The authors hypothesised that 

this could represent different stages of a response to a chronic viral infection [54] with the 

high CD57 NK cells associated with possible HCMV infection reactivation and the low 

CD57, high NKp46 and low NKG2C expression on NK cells associated with EBV re-

activation or latency [54]. 

 

While few studies have reported longitudinal changes in NK cells with variations in disease 

relapse and remission, Brenu et al [215] evaluated NK cells at baseline, 6 months and at 12 

months. The only consistent finding was of reduced NK cell cytotoxicity, although there were 

differences in cytokine levels between CFS patients and controls but these were not seen at all 

three time points. The same group also found differences in NK cell receptors between 

moderate and severe CFS/ME at baseline and at 6 months. These receptors can be inhibitory 

or activating and so the balance of receptors is key to their function. Most notably, CD56 

bright CD16+ NK cells expressing KIR2DL1 were significantly increased in severe CFS/ME 

after 6 months and CD56 bright CD16 dim NK cells expressing NKG2D were significantly 

reduced. On the CD56dim CD16- NK cells expression of KIR2DL2/DL3 was also 

significantly reduced at 6 months in the severe group. Different changes were seen in the 

moderate group. These results were interpreted as indicating that the CD56 bright NK cell 

subset, which are the primary source of NK cell derived cytokines (IL10, IFN gamma, TNF 

beta), could be altering cytokine levels over time in CFS/ME. The reductions in surface 

receptors on the different sub groups of NK cells was also explored in that some of the 

receptors have regulatory roles in NK cytotoxicity, namely NKG2D, which could explain the 
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reductions in cytotoxic function observed in some studies. Less obvious was the reduction in 

the inhibitory receptors KIR2DL2/DL3 seen in severe CFS/ME patients as compared to 

moderate CFS/ME patients, although the idea that it is a response to the reduced cytotoxic 

function of NK cells is plausible. 

 

In another recent study, differences in NK phenotypes were seen between CFS/ME and 

healthy controls. NKG2C was significantly lower and NK CD69 and NK CD56 bright were 

significantly higher [54], with normal levels of NKp46 , a phenotype associated with re-

activation or latency of EBV. Needless to say, other authors failed to find similar 

abnormalities with studies showing reduced NK CD69 [164] and normal NKG2C levels [55].  

These differences were explained by differences in methodology and the use of frozen versus 

fresh samples respectively. 

 

To elucidate further the nature of defective NK cells in CFS, other studies have concentrated 

on the genomic polymorphism of the killer cell immunoglobulin –like receptors (KIRs) and 

their HLA Class1 cognate ligands. They found an increase in KIR3DS1 and an increased 

frequency of the genotype missing KIR2DS5 together with an increased proportion of 

KIR3DL1 and KIR3DS1 receptors missing their HLA-Bw4Ile80 binding motif. The authors 

hypothesized that the increased level of receptor together with the ligand free KIR3DL1 and 

KIRDS1 receptors could reduce pathogen clearance and thereby favour chronic infections 

[216]. It is clearly possible that the pathogenic cause of the CFS/ME in different geographic 

areas may determine the precise pattern of KIR expression. 

 

Finally, studies have looked at regulatory mechanisms within NK cells that could result in the 

defects seen in CFS. MicroRNA’s (miRNAs) are regulatory molecules thought to have 

characteristics similar to transcription factors. They are highly conserved non-coding 

molecules, 18-24 nucleotides long that bind to the 3’ un-translated region of their target 

mRNAs [217]. Using a non-fatigued control group, Brenu et al [218] found a significant 

reduction in miRNAs in both CD8 T cells and NK cells. The down regulated miRNAs were 

involved in a number of processes: 4 of the down regulated miRNAs promote apoptosis and 4 
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were involved in cell proliferation Although there are still gaps in present knowledge of 

exactly what miRNAs are able to influence, these findings could implicate miRNAs in the 

decrease in NK cell cytotoxic activity that is so frequently found in CFS. 

Although the reduced function of NK cells is still the commonest immune defect in CFS/ME 

authors continue to report normal levels. By looking at NK cytotoxicity and NK CD69 

expression it will be possible to explore the relationship between activation and function. 

 

 

8.2 Methods 

 

8.2.1 NK CD69 Assay 

 

NK CD69 expression was evaluated as previously described [63]. Peripheral blood was 

collected in heparinized tubes and analysed within 24 h. Fifty millilitres of blood was placed 

in flow cytometric tubes (Becton Dickinson) and each incubated for 15 min at room 

temperature in the dark with mouse anti-human CD16–fluorescein isothiocyanate (FITC), 

anti-CD56 phycoerythrin (PE) (BD PharMingen), anti-CD3 PE Cy5 (Quest Biomedical), 

together with CD69 Allophycocyanin (APC) (BD PharMingen) monoclonal antibody (mAb). 

Isotypic control mAb included mouse IgG1 FITC, IgG1 APC, IgG1 PE (BD PharMingen) and 

IgG1 PE–Cy5 (Quest Biomedical). In this lyse, no wash procedure, 1 ml of Quicklysis lysing 

solution (Quest Biomedical) was added to each tube and incubated for a further 10 min at 

room temperature. Fifty millilitres of PerfectCount beads (Quest Biomedical) were then 

accurately pipetted to each tube and samples run on the BD FACSCalibur flow cytometer. 

Cells negatively staining for CD3, but positively for CD56, were selected and their CD69 

expression analysed using Cell Quest software (BD) using a four-colour protocol (see figure 

8.1).  The Perfect count beads allowed the absolute measurement of cell populations. The 

negative population was defined by the isotype control. 
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Figure 8.1. Gating strategy for NK CD69 enumeration: lymphocytes were identified using 

forward scatter and side scatter (FSC/SSC) and the CD3 negative population was identified. 

They were further classified into CD16 positive and either CD56 dim or CD56 bright. Each of 

these populations was then interrogated for CD69 expression. Taken from Mosimann et al 

[219] 
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8.2.2 NK Cytotoxicity Assay 

NK cytotoxicity was evaluated as previously described [220]. PBMC’s were separated from 

venous blood taken into lithium heparin from CFS/ME patients and healthy controls using 

Leucosep tubes (Oxford Immunotec, MA, USA), washed once in PBS and then incubated in 

plastic flasks for 1 hour at 37oC in 5% CO2. The cells were then washed and counted. The 

target cell was DIOC labelled K562 cells (LGC Standards, Teddington, Middlesex) in log 

phase. The cells were mixed at ratios of 50:1, 25:1 and 12.5:1 (effector: target ratios) and 

incubated with 1/40 PI for 2 hours at 37oC in 5% CO2. After two hours, the cells were 

acquired on a FACS Canto using the Diva software. At least 10,000 events were counted. 

8.3 Results 

A significant difference was observed between CFS/ME patients and healthy controls in the 

expression of CD69 on NK cells. However, it was noted that although the average absolute 

level was increased in the CFS/ME group, the median levels were no different suggesting a 

skewed pattern of expression and probably warranting a larger study to confirm these 

findings. 

No difference however was seen in NK cytotoxicity levels between the two groups or in either 

the absolute count or percentage of NK cells. Furthermore, there were no significant 

differences between the sub-populations of NK cells based on expression of CD16 and CD56. 

(Tables 8.1 – 8.3) 
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Table 8.1- Comparison of NK numbers and functions between CFS and controls 
 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

  NK % NK absolute (10^6/L) 
NK CYTOTOXICITY 50:1 
(% killing) 

Normal controls 

AVERAGE 10.08 213.93 16.46 

SD   81.25 10.40 

MEDIAN 9.05 206.65 14.50 
CFS patients 

AVERAGE  10.95 264.30 18.70 

SD   134.22 10.73 

MEDIAN 8.45 224.9 19.00 

P value 0.368 0.197 0.454 

   
NK CD69 percentage 
(%) NK CD69 absolute (10^6/L) 

Normal controls 

AVERAGE  0.60 1.15 

SD  0.46 0.69 

MEDIAN  0.49 1.11 
CFS patients 

AVERAGE   0.75 1.57 

SD  0.59 0.75 

MEDIAN  0.61 1.14 

P value  0.227 0.013 

Table 8.2- Comparison of NK CD69 levels between CFS/ME and Controls 
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Table 8.3 Comparison of NK populations between CFS/ME and controls. (mean values) 

 

 

8.4 Discussion: 

The finding of normal NK cytotoxicity and raised levels of the activation marker CD69 on 

NK cells in CFS/ME is unusual as increased activation would be expected to be associated 

with increased NK cytotoxicity all things being equal.  Other groups have also reported 

increased NK CD69 in CFS/ME [113], although this was in conjunction with reduced CD25, 

another activation marker, which suggests some disruption of activation pathways. These 

markers were, in association with reduced NK cytotoxicity, suggesting that perhaps a defect 

in cytotoxicity could lead to compensatory increased activation, although NK cytotoxicity 

was not reduced in the current study. These findings were not confirmed in other studies that 

found reduced CD69 on NK cells.[164, 165] although there were methodological differences, 

with the reduced CD69 expression being found after stimulation of the NK cells rather than 

just identifying CD69 expression in peripheral blood NK cells without stimulation. 

 

Decreased NK cytotoxicity is the most common immunological abnormality found in 

CFS/ME. However as stated in the introduction to this chapter, a systematic review indicated 

that low NK cytotoxicity findings correlated with poorer quality studies [212] and found no 

consistent immunological abnormalities associated with CFS/ME. Reduced NK cytotoxicity 

was not observed in this study nor in other studies [55, 102]. The reasons for this are not 

Cell Population CFS/ME patients Controls P value 

NK CD16+/CD56 dim 

(106/L) 

 

191.13 

 

237.83 

 

0.26 

NK CD16+/CD56 dim   

(%) 

 

88.89 

 

90.32 

 

0.189 

NK CD16+/CD56 bright 

(106/L) 

 

22.85 

 

23.23 

 

0.900 

NK CD16+/CD56 bright 

(%) 

 

11.11 

 

9.68 

 

0.189 
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altogether clear, although methodological differences may be one. The methodology used 

here was fluorescence labelled K562 target cells and then measuring cytotoxicity using a flow 

cytometer. Earlier studies used radioactively labelled target cells and although the 51CR 

release assay is considered the gold standard it is not perfect – it is radioactive, has high inter 

laboratory variability and reduced sensitivity to apoptotic cell death [221]. 

 

 Flow cytometry offers much faster assays, discrimination of target to effector cells, surface 

staining to identify NK subsets, no radioactivity and higher sensitivity and reproducibility 

when compared to 51Cr release assays [222, 223]. There could also be variations in the 

effector cells used, with some groups using isolated labelled NK cells and others using 

separated unlabelled PBMC’s [211]. Also critical is the need to perform the assay on fresh 

cells as the cytotoxic function decreases over time.  It has been reported that cytotoxic 

function could be reduced when using whole blood or fresh peripheral blood mononuclear 

cells but could test normal when tested on frozen peripheral blood mononuclear cells or on 

stored PMBC’s [44, 54, 67]. The authors have suggested that the NK cells are in fact 

functionally normal but that there is possibly an inhibitory factor in the blood of patients with 

CFS/ME that results in the diminished cytotoxicity seen in these patients. In the present study, 

PBMC’s were left overnight separated prior to testing so this could explain the normal results. 

It would be interesting to re-test these patients but assay NK cytotoxicity immediately post 

separation. 

 

The serendipitous identification of clinical improvement in CFS/ME patients treated with 

rituximab for lymphoma did have an unexpected finding in that not only did the monoclonal 

antibody directed against CD20 deplete B cells it also has been found to have a significant 

effect on NK function with the authors calling for caution in using it in CFS/ME patients who 

already have impairments in NK function [120].  

 

The finding of no differences between the sub populations of NK cells defined by CD16 and 

CD56 expression between CFS/ME patients and healthy controls has been confirmed by other 

authors [113], although results have been variable with other researchers finding 
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abnormalities in sub populations of NK cells. Rivas et al [54] found an increase in NK CD56 

bright cells that confirmed previous studies [43] although in another study increased CD56 

bright was only found in more severely affected patients when compared to moderately 

affected patients [183]. In the patients studied here, the majority were moderately affected 

patients so that could explain why there were no significant differences. Interestingly these 

cells have poor cytotoxic function cells and mainly exert their effect via cytokines (especially 

interferon gamma) to stimulate the immune system. These CD56 bright NK cells are more 

resistant to apoptosis than CD56 dim NK cells and so persist longer and are able to induce T 

cell proliferation potentially resulting in autoimmunity or inflammation. Inexplicably, the 

same group had reported lowered NK CD56 bright cells in two previous studies [215] and that 

the reduced CD56 bright cells were related to duration of disease [215]. Regardless, the 

importance of this finding is the role of these cells in the immune response via their cytokines.  

 

They regulate anti viral and anti intracellular infections and reduced numbers could negatively 

impact the body’s ability to fight infection. A current controversy is the relationship between 

NK CD56 bright and CD56 dim cells. It is unclear whether NK CD56 bright cells are 

immature precursor cells of CD56 dim NK cells or whether in fact they are two different 

lineages. Currently the former hypothesis is favoured although recent articles have suggested 

that the answer is perhaps less black and white than originally believed [224, 225]. Although 

there are several arguments to support the former hypothesis, the finding that activated CD56 

dim CD16 bright NK cells can lose CD16 expression and increase CD56 levels suggests that 

at least some may not be precursors but activated NK cells [225]. Another argument in favour 

of this is the finding of undetectable NK CD 56 bright in patients with GATA2 mutations in 

the presence of CD56 dim cells. This suggests ontogenic separation although CD56 dim cells 

were reduced in these patients and functionally impaired [226].  More recent work has shown 

that in fact very low numbers of CD56 bright cells can be seen in GATA2 deficient 

individuals, which casts more questions on the relationship [227].  

 

A further argument in favour of the developmental role is the finding in partial 

minichromosome maintenance 4 deficiency of the loss of CD56 dim NK cells and an inability 
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of the CD56 bright population to proliferate in response to cytokines involved in NK 

proliferation, notably IL12 or IL15, findings which strongly implicate the differentiation 

pathway from CD56 bright to CD56 dim [228]. 

 

As was discussed in the introduction, NK research in CFS/ME has progressed from 

examining numbers of sub populations (CD16, CD56, CD57 for example) to investigating the 

balance between inhibitory and activating receptors on the NK cells to interpret how they may 

affect function. The conflicting findings in CFS/ME do make it difficult to make meaningful 

conclusions, especially when different abnormalities are being seen at different time points of 

the disease, and where persistent viral infections can alter NK cell phenotype [215] [229]. 

This is particularly problematic when CFS/ME is a condition where viral infections and their 

persistence are believed to be possible triggers. Various authors have shown increased values 

of NKp46 [113], reduced NKp46 [182], reduced NKG2C and NKG2D [54] and increased 

CD57 [51] and increased expression of KIR’s [183] in CFS/ME. Similar alterations are seen 

in viral infections, for example NKG2C expression is increased not only in chronic HCMV 

infection [230] but also in other viral infections [231]. Perhaps the alterations in receptors 

seen on NK cells in CFS/ME results in an inability to control these viral infections and which 

then leads to low level persistence. Typically, chronic HCMV infection would result in an NK 

cell phenotype with increased activating NKG2C receptor and KIR and CD85j inhibitory 

receptors with decreased NKp30/NKp46 and NKG2A inhibitory receptor [56]. However, it is 

possible when there is a continual exposure to danger signals, as with ligands for NKG2D, 

that down-regulation of NK receptors can occur with a concurrent impairment of cytotoxic 

function [232]. 

 

An interesting development in NK research is the discovery that NK cells, uniquely for innate 

immune cells, appear to possess a cell mediated memory due to a process of education and 

learning similar to adaptive immune cells [233].  Although no research on NK memory in 

CFS/ME has been published, any defects in NK memory could impact on the immune 

system’s ability to fight infection and could be another avenue to explore. 
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9.0 CFS and Antibody responses to common organisms 

9.1 Introduction 

Chronic fatigue syndrome has been linked to a number of infectious agents including a 

number of viruses. This is because of the nature of the symptoms (flu-like symptoms, 

enlarged lymph glands, low grade fever) and that patients can often remember an acute 

episode that predated their illness. The numerous outbreaks, notably in the Royal Free 

Hospital in 1955 and the Lake Tahoe outbreak in 1984, all point to an infectious agent, with a 

number of outbreaks being in ‘closed populations’ such as nursing homes or hospitals. It is 

well established that infections can result in severe fatigue. This is most notable in infectious 

mononucleosis where up to 11% of patients complain of fatigue up to 6 months after the 

infection [234, 235], Chikungunya virus infection where up to 20% of patients complain of 

fatigue up to a year post infection [236, 237] and West Nile virus infections where up to 30% 

of patients have fatigue up to 6 months post infection [238]. However, the evidence to support 

this hypothesis in CFS is as conflicting as it is for an immunological basis for the disease.  

 This is probably as a result of the difficulties in the stringent diagnosis of CFS, which at the 

moment is a diagnosis of exclusion but perhaps also due to the endemic nature of some of the 

viruses within the population. Although there are conflicting reports, the most commonly 

identified agents that have been linked to the onset or perpetuation of CFS include Epstein 

Barr virus (EBV), Cytomegalovirus (CMV), Human Herpes Virus 6 (HHV6), Human Herpes 

Virus 7(HHV7), Coxsackie virus and Parvovirus B19.  EBV is the most commonly identified 

potential viral trigger for CFS. Most studies have used indirect methodologies to determine 

the presence of infection. This is because it is extremely difficult not only to detect active 

infection but also to differentiate between active infection and reactivation of latent infection. 

Commonly the presence or increases of antibody levels to viruses are used to show infection. 

Although high titres of antibodies to viral capsid antigen (VCA) of EBV have been found in 

CFS patients [174], other studies failed to show differences with healthy controls [239].  The 

presence of these antibodies are also not specific for CFS and can be found in individuals with 
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no symptoms or in cases where there is an altered immune system that allows viral 

reactivation [240].  

Beside these viruses, enteroviruses have long been suggested to be causal of CFS/ME [241]. 

Abdominal symptoms are frequent in CFS, with irritable bowel syndrome (IBS) not 

uncommon in one study suggesting it could be as high as 92%. One study assessing 

enterovirus infection in CFS patients with abdominal symptoms found a higher prevalence of 

enterovirus infection in gastric biopsies (82%) compared to normal controls [85]. However 

other researchers have found no evidence of an increased enterovirus presence [242]. 

Perhaps the best evidence for a viral aetiology in CFS would be the clinical improvement in 

CFS patients treated with anti-viral agents. In a double blind placebo controlled trial using the 

anti viral drug valganciclovir on a group of CFS patients who had raised levels of antibodies 

to EBV or HHV-6, researchers found that after 6 months the treatment arm had significant 

improvements [243]. These improvements were measured on a fatigue severity scale and were 

also supported by improvements in neutrophil and monocyte counts and an alteration of the 

cytokine signature more towards a Th1 profile. Unfortunately, the trial had a high drop out 

rate with strict criteria imposed and only 20 patients were initially recruited although most 

finished the trial.  Another study investigated the effects of long-term valganciclovir on a sub 

group of CFS patients with elevated antibody titres to EBV as well as CMV or HHV-6. This 

prospective study showed a 52% response rate with improvements in immunological, cardiac 

and cognitive parameters [244]. Interestingly, the benefit increased the longer the patients 

where on the treatment. However, other studies have failed to show clinical improvement 

[245] and a recent meta-analysis showed no pharmaceutical therapies to be effective in CFS 

with the possible exception of rintatolimod, an immunomodulatory drug that induces 

interferon and is therefore considered antiviral [246]. 

Rinatatolimod is a double stranded polymer of RNA (dsRNA) that acts as a Toll like Receptor 

3  (TLR-3) agonist and acts in the induction of innate immunity and the progression onto an 

adaptive immune response. [88]. It also activates interferon induced proteins, for example, 2’-

5’ adenylate synthetase, that require dsRNA to function.  This is extremely interesting as 
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altered 2’-5’ adenylate synthetase and up regulated RNase L have been described in subsets of 

CFS patients [247, 248]. In Phase 3 double blind placebo controlled clinical trials using 

Rintatolimod, significant improvements in patients were seen in the primary endpoints, 

exercise tolerance and the Karnofsky Performance status. Using a modified Bruce treadmill 

protocol there was a 21.3% net improvement from baseline after 40 weeks treatment. The 

authors stated that 30-40% of severe CFS patients could be expected to achieve some clinical 

improvement. 

A similar immunostimulatory drug, Isoprinosine, was evaluated in a single, blind, placebo 

controlled trial where 60% of CFS patients showed an improvement in their symptoms but 

also in their NK cytotoxic activity which correlated with therapy duration [249]. 

Taken all together, and despite the variable results regarding antibodies to viruses, it is likely 

that in a subset of CFS patients a persistent low level viral infection is implicated and that anti 

viral therapy may be appropriate and effective at relieving symptoms. 

Although antibodies to infectious agents have been measured in CFS/ME results have been 

conflicting. As a result it is appropriate to investigate responses in a well characterized cohort 

of patients especially as levels will be measured using Luminex technology allowing more 

than one specificity of antibody to be measured at one time. 

9.2 Methods 

Antibody levels to Epstein Barr virus (EBV), Cytomegalovirus (CMV), Toxoplasmosis and 

Rubella were measured using the Biorad Bioplex (Biorad Inc, Hercules, CA), an automated 

luminex based platform. Both IgG and IgM levels were estimated which would allow the 

discrimination between current infection and historical infections. When measuring anti EBV 

antibody responses the kit included a number of different antibody specificities that were used 

to allow a better determination of the clinical history of the infection. Antibodies to EBV 

capsid antigen, EBV nuclear antigen, EBV early antigen and Heterophile antibodies were 

measured. Standard diagnostic kits (Biorad Inc, Hercules, CA) were used with the appropriate 
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controls and standards and used according to manufacturers instructions (Biorad Inc, 

Hercules, CA) 

9.3 Results: 

There were no differences between healthy controls and CFS patients in their antibody levels 

to any of the microbes that were examined, namely Rubella, Toxoplasmosis, CMV or EBV. 

This applied to both IgG and IgM responses (Table 9.1) 

 

Antibody  Mean antibody level 

CFS Patients 

Mean antibody level 

Healthy controls 

P value (significance 

level is 0. 05) 

Rubella IgG 50.5 57.5 0.972 

Toxoplasmosis IgG 0.0 0.0 0.852 

CMV IgG 0.4 0.4 0.915 

EBV Capsid Antigen 

IgG 

56.5 44.7 0.845 

EBVNuclear Antigen 

IgG 

40.6 62.8 0.411 

EBV Early Antigen 

IgG 

0.0 0.0 0.907 

Rubella IgM 0.0 0.0 0.630 

Toxoplasmosis IgM 0.4 0.3 0.508 

CMV IgM 0.0 0.0 0.657 

EBV Capsid Antigen 

IgM 

0.0 0.1 0.637 

Heterophile IgM 0.0 0.0 0.264 

Table 9.1.  P values for the viral antibody levels detected in healthy controls compared to CFS 

patients. Data was non parametric and the Mann-Whitney U test was performed. 
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9.4 Discussion:  
 

In an attempt to address the problem of a heterogeneous patient population, the present study 

investigated only patients with CFS fulfilling the Fukada, Oxford and Canadian diagnostic 

criteria. In addition to this, all the patients scored above 10 on the scoring system pioneered at 

the CFS clinic in St Helier Hospital, Surrey [22]  

 

CFS/ME is a sporadic condition with occasional outbreaks [250]. Sudden disease outbreaks 

often start with a flu-like illness so it seems plausible that an infection (or a number of 

different infections) can trigger the condition. Research shows that approximately 50% of 

patients indicate that a viral-like illness preceded the symptoms [251] and although it has not 

been possible to link CFS/ME with any one infectious agent, numerous studies have linked it 

to a variety of agents including EBV [252], CMV [83], human herpes virus (HHV) 6, 7 and 8 

[253, 254], Enteroviruses [255], lentiviruses [256] and  human parvo B19 virus [257]. It is of 

note that most of these viruses are fairly endemic, are usually controlled by the immune 

system and in most individuals do not cause CFS/ME. 

 

Probably the most investigated virus in CFS/ME is EBV. This is probably a result of the not 

infrequent progression of EBV infectious mononucleosis (IM), to CFS/ME [70]. EBV is an 

interesting virus, discovered in 1964 by Anthony Epstein and Yvonne Barr [258, 259] and 

which was the first virus to be implicated in cancer [260]. Its main route of entry is believed 

to be oral transmission, which allows it to infect epithelial cells and/or B cells and be picked 

up by dendritic cells or enter the body via the Waldeyer’s rings [261, 262]. It infects B cells 

via the CD21 receptor and is one of a few viruses that is able to persist in the body, so once 

infected it can remain latent for years under the control of the immune system. This leads to 

particular problems with individuals undergoing transplantation and undergoing 

immunosuppression [263] resulting in a range of complications including post transplant 

lymphoproliferative disorder which can be fatal.  As was mentioned in the introduction 

(Section 1.3) research has been variable as regards linking EBV to CFS/ME but this is hardly 

surprising bearing in mind the prevalence of the virus within the population. It is estimated 
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that about 90% of individuals in the US over the age of 20 years old have the virus, while in 

the third world 90% of all over 2 years old are infected.  Historically, the virus infection was 

confirmed by the detection of antibodies to various components of EBV. However, this does 

not confirm that the virus is present, only that the individual has been in contact with the virus 

and mounted an immune response against it. The best way of confirming the presence of virus 

is by PCR [264]. However, in the methodology used in the present study, a number of 

different antigens were targeted, looking at both IgG (historical infections) and IgM (current 

infections). In this way it is possible to define the stage of EBV infection (see figure 9.0). The 

presence of IgM anti EBV Capsid Antigen antibodies in the absence of IgG anti EBV EBNA 

antibody would indicate a primary infection, whereas IgG EBV VCA antibodies and IgG 

EBV NA-1 antibodies suggest prior exposure to EBV. Chronic infection and re-activation are 

best investigated using PCR based methods which measure EBV load [265]. In this study, due 

to serum samples being stored and not plasma samples, viral loads could not be estimated. 

Within both groups, high levels of IgG antibodies to EBV Nuclear Antigen and Capsid 

Antigen were seen in some patient and controls indicating prior exposure and with possible 

viral reactivation when the titres were very high. This was also seen with IgG antibodies to 

Rubella. The failure to show differences between controls and patients would suggest that 

there is little evidence in this study of on-going viral reactivation although subtle alterations in 

the immune system impacting antibody production cannot be ruled out [174]. 
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Figure 9.1 Kinetics of Antibodies to EBV components during infection. Taken from 

Biorad web site. Adapted from Seigeurin [266]. 

 

Recently the literature linking immune dysfunction in patients with CFS and an underlying 

persisting viral infection has been reviewed [40].  A range of viruses have been investigated 

in this regard and until recently both serological analyses as well as molecular tests 

enumerating viral copy numbers have failed to show consistent differences in patients with 

CFS compared to healthy controls [81].  However, Lerner et al [267], have shown increased 
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EBV viral copy numbers in patients with CFS although this was mainly as a latent infection 

with little evidence of BZLF1 expression. This was reported more recently [174] where 

impaired EBV specific B and T memory cell responses were also noted.   

 

It has long been known that adolescents that contract Infectious Mononucleosis (Glandular 

Fever) not only are at risk of CFS/ME but are 50% more likely to get Systemic Lupus 

Erythematosis (SLE) and double the chance of MS [268] but the mechanisms were unclear.  

More recently, a possible mechanism to explain the role of EBV in autoimmune disease that 

may be relevant to CFS/ME has been discovered [269].  The authors utilized the findings of 

genome wide association studies (GWASs) that had highlighted over 50 SLE loci (within 

European ancestry) which provide evidence linking germline DNA polymorphisms with 

changing risk of SLE [270, 271], the great majority of which occur in regulatory regions. 

These were then examined to investigate whether DNA interacting proteins encoded by EBV 

preferentially bound to any of these loci. Their analysis showed a powerful association with 

the EBV gene product EBNA2, not only with SLE, but also with other autoimmune 

conditions – Rheumatoid arthritis RA, Inflammatory bowel disease IBD), Type 1 diabetes, 

Juvenile rheumatoid arthritis (JRA), Coeliac disease (CD), Kawasaki Disease (KD) and 

ulcerative colitis (UC). EBNA2 is a virally encoded transcription factor that turns on genes in 

the infected cell to help the virus survive. Interestingly EBNA2 is transcriptionally active 

even when the virus is latent and continues to alter the expression of certain genes. These 

genes appear to be those that are associated with increased risk of these autoimmune diseases. 

Is it possible that this is how CFS/ME is triggered? – via transcription factors from EBV.  

Further work is required to elucidate this, although GWAS data is already available for genes 

dysregulated in CFS/ME [272]. Unfortunately although this paper is extremely promising a 

complication is that EBNA2 does not bind directly to DNA, but rather relies on other viral 

and cellular transcription factors for transcriptional activation which may need further 

investigation [273]. 

 

 For these viruses to be potential triggers for CFS/ME does suggest that the immune system 

may be subtly weakened as healthy individuals are able to control, if not eliminate the 
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infection. However, changes in the immune system could be regarded as dysfunctional but 

they may also be seen as a response to the pathogen. For example, in an immune response to 

infections it is not uncommon to see mild signs of autoimmunity but this does not 

automatically lead to clinically significant autoimmune disease. If CFS/ME is considered as 

an infectious disease, then the changes seen in the immune system could indicate a functional 

response to pathogen –the finding of immune system activation (for example NK CD69 

expression) in CFS/ME many years after onset may indicate an immune response that has 

failed to clear pathogen and is still operating [274]. 
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10.0 Conclusion 

 

In conclusion, this study has shown that patients with CFS have impaired production of 

cytokines that regulate cellular immunity and lymph node function. This is associated with, 

and may be caused by, altered T cell lymph node homing. They also have alterations in the B 

cell populations resulting in greater numbers of transitional and naïve B cells, while having 

reduced plasmablasts. It is not possible to interpret these findings of a subtly altered immune 

system as either cause or effect of CFS although it is interesting to postulate that the 

alterations seen in CFS patients are due to an abnormal response to an infection where the 

immune system is not able to clear the infection resulting in a chronic inflammatory process 

which depletes resources and energy levels and leads to the symptoms of CFS.   The lack of 

clear evidence of an infection in CFS patients is disappointing although the often-reported 

acute onset after a virus like illness is supportive of the above scenario.  

 

Another attractive possibility recently proposed is that an infection causes a breakdown in 

tolerance and that this leads to an autoimmune disease, with autoantibodies generated against 

various targets for example mitochondrial components, neural tissue or ion channel proteins 

[39].  The authors argued that the high frequency of bowel problems such as irritable bowel 

syndrome (IBS) in CFS (up to 90% of patients in one study [275]), suggested an associated 

chronic inflammation in the gut with an impairment of  mucosal immunity. Altered microbial 

flora is seen in IBS that may also impact on the normal function of the mucosal immune 

system. Normal mucosal immunity involves a fine balance with tolerance to harmless 

antigens like food and the appropriate responses to pathogenic microbes. During 

inflammation the tight junctions of the endothelial cells become more porous and microbes 

are able to enter and interact with the immune system in a different environment. This could 

potentially result in an immune response that cross reacts with self antigens, so called 

molecular mimicry that is seen in a number of other conditions for example Guillian-Barre 

syndrome and Campylobacter where the immune system generates antibodies that target both 

the virus and the body’s gangliosides [276]. Central to their theory is that there must be a 
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genetic predisposition, as most individuals do not mount an immune response to common 

microbes. The finding of a characteristic HLA type, often a characteristic of autoimmune 

diseases, associated with CFS, HLA Class 11 DQA1*01 is exciting [277], as was the 

increased  number of single nucleotide polymorphisms  found in a genome wide association 

study  of  CFS within the T cell receptor alpha chain gene [272].  Alterations in the T cell 

receptor could lead to the breaking of tolerance and potential autoimmune processes. 

 

Further evidence towards a role of the gut in CFS comes from studies using faecal microbiota 

transplantation (FMT), where liquid filtered faeces are infused from a healthy individual in to 

the gut of a recipient.  It has been effective and safe in the treatment of recurrent Clostridium 

difficile infection [278] and has been used to treat Salmonella and antibiotic resistant bacteria 

[279], with success rates of over 80%. Its use in CFS is controversial: it is not clear how to 

select patients and there is a lack of a standard protocol and incomplete knowledge of safety 

or risk [280]. Despite this, FMT has been performed on CFS patients with some success. In 

one study, 60 patients treated with FMT and followed up 15 -20 years later showed a 50% 

improvement in symptoms [281], while another study showed attenuated symptoms for a 

period of 11-28 months in 41% of cases [282]. There is limited data regarding the microbiome 

in CFS patients, with some evidence of decreased Bifidobacteria [283] while others have 

shown a relationship between increasing enterococcal levels and severity of neurocognitive 

impairment [284]. However, there has been inconsistency in the results obtained and it is too 

early to say whether there is a specific gut microbiome in CFS patients [285].  

 

Taken together these are compelling arguments especially in the context of increased levels of 

autoantibodies to a variety of targets including gangliosides [286] , hormone receptors [287] 

and HSP60 [288] in CFS patients. Unfortunately in our laboratory we were unable to detect 

either anti ganglioside or anti neuronal antibodies using immunoblot technology (unpublished 

observations) and routine autoantibody screens on CFS patients are generally negative [22]. It 

is also difficult to explain the symptom flare post exertion with this model of autoimmunity. 
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More recently an inflammation based proxy model of CFS/ME utilizing interferon alpha has 

been explored [289].  It was noted that in some individuals treated for Hepatitis C with 

interferon-alpha a profound persistent fatigue resulted that did not abate after treatment (after 

immune activation has ceased). The advantage of this proxy model of CFS/ME is that it 

allows the examination of the immune system prior to treatment in all patients and 

comparisons may be made between those that progress to the persistent fatigue and those that 

don’t. This is not possible in CFS/ME patients as obviously there are is no way of predicting 

which persons are going to be diagnosed with CFS/ME prior to symptoms. The researchers 

looked at 55 patients undergoing interferon alpha treatment of which 33% subsequently (18 

patients) experienced persistent fatigue. All patients were assessed pre-treatment, during 

treatment and 6 months post treatment. Fifty four CFS/ME and fifty seven healthy controls 

were also tested on a one off basis and results compared to post treatment results from the 

Hepatitis C patients. Measurements of fatigue, cytokine and kynurenine pathways were 

evaluated. Increased levels of baseline IL6 and IL10 were associated with increased fatigue 

and the levels of these cytokines continued to increase on treatment compared to non-fatigued 

patients. These results were interpreted to mean that patients who received interferon–alpha 

for Hepatitis C infection and who developed persistent fatigue had an immune system that 

was already activated and that the IL6 had a specific role in the development of the fatigue.  

The authors postulate that the status of the immune system in CFS/ME prior to the 

development of the condition is more relevant than at the time of diagnosis.  However, there 

are a number of caveats – it is not known whether the mechanisms of interferon-alpha induced 

fatigue and CFS/ME fatigue are related. It is possible that they are different bearing in mind 

the profound post exertional malaise associated with CFS/ME and not seen to the same extent 

in interferon-alpha treatment. This study also did not include sex-matched controls and 

recruited CFS/ME patients with long duration (average of 7years). 

 

Differences between Th1/Th2 or Treg populations or alterations in NK cytotoxicity were not 

shown here, although differences were seen in NK CD69 expression, a marker of activation 

indicating that the NK cells in CFS/ME patients are at a heightened state of alert although it 

did not lead to an increased cytotoxic function. 
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No differences were seen in levels of antibodies to toxoplasmosis, rubella, CMV or EBV 

looking at both IgG and IgM. Whether these alterations in the immune system leave patients 

with CFS susceptible to viral infections or a reduced ability to clear viral infections 

effectively is open to debate. It is also unclear whether these abnormalities are the cause of 

CFS/ME symptoms or are the consequence of the physical, mental and emotional stress 

caused by the condition and the associated sleep problems. Regardless, it is tempting to 

speculate whether the subtle abnormalities of the immune system in CFS/ME may be due to 

one or more viruses contributing to low grade inflammation that may promote oxidative 

damage to self proteins leading in turn to an increased tendency to autoimmunity [290, 291]. 

Clearly much more work needs to be done to investigate this possibility and to ascertain the 

precise link between abnormalities of the immune system with viral infection(s), endocrine 

dysfunction and stress and sleep disturbance. 
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11.0 Future Research 

 

This research has shown differences in the immune system between well-categorised CFS/ME 

and healthy controls. Abnormalities in the B cell compartment with increased naïve B cells, 

increased transitional B cells and reduced plasmablasts indicate some degree of deregulation 

in B cell differentiation. T cell perturbation was also seen, with an increase in T helper 

memory cells, T helper effector cells and cytotoxic effector T cells and significantly reduced 

numbers of lymph node homing CD8 T cells and memory T cells. Not surprisingly, in the 

light of the disturbances seen in the B and T cell compartments, differences in cytokine levels 

were found, with levels of IL 12, IL 21, IL 22, IL 27 and TNF alpha all increased.  No 

differences were seen in the levels of NK cytotoxicity, T regulatory cells, Th17 cells, Th1 

cells or Th2 cells between the patients and the healthy controls although significant 

differences were seen in NK cell CD69 expression. As has been discussed, other researchers 

have also found defects in these pathways, some different from the findings presented here 

and some similar, so it would be a good idea, in the first instance to repeat these tests on a 

larger group of CFS/ME patients. Mensah et al [124], in a cross sectional study used this B 

cell immunophenotyping  methodology on a further 38 patients and found no differences 

between patients and healthy controls although an increase in CD24 expression on IgD+ B 

cells was observed.   

 

Recent publications [36, 157] have indicated that differences in immune parameters may 

change during the course of CFS/ME, with different changes seen early in the course 

compared to changes that occur later. There is also evidence to suggest that changes seen may 

be different between severe and moderate CFS/ME. This would mean that these parameters 

would have to be taken into account when further testing was implemented. The current pilot 

study was completed before these studies were published and most of the patients were 

moderately affected CFS/ME and had been long suffering. In future studies looking at the 

immune system, rather than healthy controls it may also be useful to have ‘fatigue’ controls, 

for example patients sedentary after routine minor surgery, patients exhausted from low 
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mood, disturbed sleep or continued stress and disease controls such as patients with MS who 

also suffer significant fatigue and similar symptoms.  

 

To examine the increased levels of cytokines that were found, it could be useful to look at 

levels of cytokines that are part of the IL 12 family. Both IL 12 and IL 27 are members of the 

IL 12 superfamily as are IL 23 and IL 35. Confirmation of raised levels of IL 23 and IL 35 

could indicate a generic defect in this superfamily in CFS/ME. Another possible cause of 

cytokine deregulation could be polymorphisms in either the cytokine genes or their receptors 

on immune cells.  It is of interest that IL12 polymorphisms have been linked to an increased 

susceptibility to cancer [292] and that IL12R mutations have been linked to increased 

infections, notably salmonella and fungi [293].   

 

Anti cytokine antibodies have been implicated in a number of autoimmune conditions, with 

antibodies to IL 12 being found in 17.6% of RA/Systemic lupus erythrematosus (SLE) 

patients [151]. These anti cytokine antibodies can be found in healthy individuals and are 

believed to be a normal response that modulates the immune system. They may have 

neutralising activity and their presence in some conditions can be prognostic [294]. These 

autoantibodies have never been investigated in CFS/ME, a condition where a considerable 

number of autoantibodies have already been found [127]. The presence of these 

autoantibodies could explain some of the contradictory findings in the literature and would 

support an autoimmune basis for CFS/ME. 

 

Clearly research in CFS/ME is a long way from finished. It still remains a diagnosis of 

exclusion although some authors have suggested that an assay that measures the ratio of the 

37D RNase L to the intact 83D RNase L could be a diagnostic test for CFS [295].  This assay 

has been available since 2005 and has not been widely used, raising questions over its 

performance. There is heterogeneity over case criteria that have probably contributed to the 

variability in results and there is no clarity as to what triggers the condition or what 

perpetuates it. In view of these factors, research has very much focussed on biomarkers that 
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would diagnose CFS/ME with high sensitivity and specificity, predict prognosis, indicate 

appropriate treatment and finally predict response to treatment [296].  

 

Finally the effect of the microbiome is a hot subject at the present time and research into 

establishing whether there are clear bacterial or viral signatures related to CFS/ME are 

ongoing. Obviously it is now evident that the microbiome can have a significant effect on a 

number of parameters including the immune system and that relationship needs further 

elucidation in CFS/ME. 
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12.0 Personal and professional reflection 

 

If there has been one thing that this professional doctorate has taught me, it has been to try 

and reflect on what I have done, both professionally and personally. I have tried to use 

reflective practice to improve myself and make myself both a better scientist and a better 

person, and during this 10 year journey I have had a lot to reflect on. Reflection allows us to 

think about something and to analyse and evaluate it with a view to making it better, or to 

avoid making the same mistake again. It can be applied to most aspects of one’s life. Dewey 

is considered the father of reflective practice and in Dewey’s words it is an “active, persistent 

and careful consideration of any belief or supposed form of knowledge in the light of the 

grounds that support it, and further conclusions to which it leads” [297]( pg. 118). It is not a 

passive process but a deliberate and active process, which allows us to learn from complex or 

confusing events. 

 

The model that I found most helpful was Gibbs reflective cycle, which built on previous 

models and included emotions and feelings (Figure 12.1). 

 

Figure 12.1: Gibbs Reflective cycle. Taken from University of Kent website. 
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Description: 

The professional doctorate qualification is composed of two parts, with Part 1 being a taught 

module over a 2 year period and Part 2 being the practical aspect applied to an aspect of 

professional practice. This thesis represents the submission for part 2 and as such required 

substantial effort in terms of laboratory work, organization and write-up.  To complete the 

professional doctorate with this thesis would require me to improve my scientific writing 

skills, acquire detailed knowledge in the field of the immune system in CFS/ME, be focused 

on performing the laboratory work to a high level and for me to be able to juggle routine 

diagnostic work with research work, at the same time as managerially running the laboratory. 

It also meant that I would be doing things that I had not done before, like applying for ethical 

and R&D approvals.  

 

Feelings: 

 

This was the biggest research project that I had been involved in and I was nervous about 

various aspects. Would we get enough patients?  Would we lose the samples that we saved for 

testing later?  Would the samples be correct for the assays? Would I have time to do all the 

assays? And towards the end – could I write it all up?  I was also aware that some colleagues 

were less than enthusiastic about the work and felt it was a bit of a waste of time – this was a 

little disconcerting! 

 

Evaluation 

 

This work was had ethical approval in 2009 and it is now 2018. Although there have been 2 

papers and 2 review articles published on the work it has taken much longer than anyone 

would have thought. During this period I have had a suspension of studies due to family 

bereavements, have been subject to a laboratory reorganization resulting in a down grading of 

my post, the laboratory applied for and acquired UKAS ISO 15189 and I retired from working 

in the NHS!  I have found the hardest aspect to be the write up at the end. I would find 

anything to do rather than start writing – I believe it was the size of the task that made me 
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prevaricate but there were also other factors. While I was at work, especially in the last few 

years, staffing had been cut to such a level that I was spending most of the time at the bench 

and was unable to perform my managerial role as I should despite long days, often with no 

lunch breaks. This also meant that the thesis went on hold for many years after the initial 

laboratory work had been performed. I was fortunate to have an excellent supervisor at work 

who, with humour and common sense managed to get me to start the write up. I think that I 

under estimated the need to include everyone in the laboratory in what I was doing, although 

the lunchtime seminars did alleviate the ‘us and them’ nature that happened early on in the 

project between the research and the routine work, manifested in situations like conflict over 

use of machines.  

 

 Another aspect of this is the changes that have occurred since I started the professional 

doctorate in 2008. The NHS was in a better place then than it is now, supporting further 

education was more common and it was relatively easy to get time off to attend courses or 

pursue research projects. This has changed with the reduction of budgets and the 

consolidation of laboratories, and attitudes have hardened to any deviation from performing 

routine work with the many believing that NHS laboratories should not be performing 

anything but routine work, a view that I do not subscribe to.  The accreditation process for 

pathology laboratories is now also much more complicated, rigorous and time consuming 

meaning that there is even more erosion in flexibility.  

 

I think I also underestimated the effect of family bereavements had on me. It had the effect of 

really demotivating me and I struggled for a while with being interested in doing anything. 

Thankfully I have managed to get through that stage of grief and have actually enjoyed much 

of the writing up. The research papers that were written did help me but it was still a huge 

undertaking and it has meant that I have focused on the write up at the expense of other 

projects which have subsequently been put on hold. 

 

Have I achieved what I wanted to at the start? I think my scientific writings have improved 

although it is always possible to improve. I am happy to have published papers on the results 
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we obtained and feel that I have contributed to the field. My knowledge of immune function 

and findings in CFS/ME is much more extensive than before the thesis and my laboratory 

practical skills especially in flow cytometry are improved. However, I cannot say that my 

time management skills in juggling the two aspects of my work was particularly effective – as 

evidenced by the fact that it has been 9 years since starting this study and I am only writing up 

now. As stated above there were reasons but it is something I believe I could improve on. 

 

Analysis 

 

The process that I have been through with this thesis (and indeed the professional doctorate) 

has made me a better scientist. It has bought me into contact with research tools that I may not 

have come across within the routine diagnostic field. It has enabled me to interpret other 

researchers work in a more analytical manner and I think that I am more ‘deep thinking’ – I 

try and see all around a problem where before I would only see it from one angle. This thesis 

in fact has added to my enjoyment of my job, despite being challenging. Doing something that 

may make a difference is exciting and worthwhile and although this work probably didn’t 

make a huge impact on CFS/ME patients the fact that I tried and then disseminated this work 

via publication is something I’m proud to have done. 

 

Conclusion 

 

This thesis was a huge undertaking with the whole process taking over 9 years, admittedly 

with an 18 month interruption in studies. It has proved to me that if you stick at something 

then you can get there in the end and that it is worth all the sacrifices that you make along the 

way. It is always helpful to have people supporting you in this process and for that I am 

thankful for both of my supervisors who helped me at key times. 

 

Action Plan 

I think that apart from the write up most of the project went well. There was an error made in 

the early stage of the project where plasma samples should have been saved for viral copy 



 110 

number analysis and serum samples were saved instead. Obviously in hindsight plasma 

samples should have been collected and these tests would have been performed. Also on a 

practical note I would have insisted on a lockable freezer for storage of the samples that 

would be tested later in the project. This is because of the not infrequent moving of racks in 

the non-locked freezers, making retrieval of samples sometimes quite stressful. I think this 

would not be a problem in a research laboratory setting as everybody is in the same situation. 

On the writing up front, I think I should have started earlier and followed advice I received on 

a doctorate writing up course I attended at the university, which recommended a ‘little and 

often’ approach to writing up. At the time I did not think that this would work for me based 

on previous experience in writing up 2 MSc projects. However, knowing what I know now 

and knowing how big the professional doctorate thesis is I would probably concur with the 

experts! My method of using the published papers as a guide was pragmatic but was not easy 

due to the need to have chapters highlighting the different aspects of the immune system that 

were studied. Starting early in the process and writing up as I went along would have meant 

that the process would have been the other way around and certainly easier.  

 

In terms of my action plan going forward, I think it’s quite likely to be my last big research 

study in CFS as both myself and my supervisor have retired and he was the clinician 

managing the CFS clinic and there doesn’t appear to be much succession planning. Despite 

this, I will continue to read research papers on CFS/ME  - after almost 10 years working in the 

field it would not be right just to walk away.  It would appear that the aetiology, pathology 

and treatment options for CFS are still almost as unclear today as they were 10 years ago. 

Hopefully the breakthrough for sufferers of this condition will happen and treatment of CFS 

and prognosis will improve, with the possibility of a cure being the Holy Grail. 
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Appendix 6: Post Hoc Power Calculation. Greater than 80% is considered 
adequate power to identify differences. 
 
 
 
 
 
 
Cytokine Mean Standard 

Deviation 
Power (%) 

IFN gamma 5.19 8.64 16.3 
IL 10 1.99 4.46 3.0 
IL 12p70 7.40 8.93 84 
IL15 2.40 4.38 8.2 
IL 22 0.42 0.77 61.5 
IL 2 2.65 5.15 6.8 
IL 21 21.06 18.10 56.3 
IL 6 5.45 11.05 32.1 
IL 27 0.56 0.33 73.7 
TNF alpha 5.10 5.27 52.8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 187 

 
Appendix  7: Patient Recruitment Flow Chart 
 
 
 
 

 
Total Number of CFS/ME 
patients enrolled 
N = 56 

Total Number of CFS/ME 
patients recruited  
N = 33. 
Data available for analysis on: 

NK cell analysis    n = 32 
B cell phenotyping   n = 33 
T cell phenotyping   n = 33 
Th1/Th2 cell analysis  n = 32 
Treg/Th17 cell analysis  n = 28 
Cytokine analysis   n = 32 
Infectious agent Antibodies n = 33 
 

Total number of CFS/ME 
patients excluded n = 23 
Reasons:  
On medication that affected 
mood 
Sleep disorders 
Declined participation owing 
to needle phobia 
Depression 
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