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Abstract 

Immunological dysregulation is present in Chronic Fatigue Syndrome/Myalgic Encephalomyelitis 
(CFS/ME), with recent studies also highlighting the importance of examining symptom severity. 
This research addressed this relationship between CFS/ME severity subgroups, assessing serum 
immunoglobulins and serum cytokines in severe and moderate CFS/ME patients. Participants in-
cluded healthy controls (n= 22), moderately (n = 22) and severely (n=19) affected CFS/ME pa-
tients. The 1994 Fukuda Criteria defined CFS/ME and severity scales confirmed mobile and 
housebound CFS/ME patients as moderate and severe respectively. IL-1β was significantly reduced 
in severe compared with moderate CFS/ME patients. IL-6 was significantly decreased in moderate 
CFS/ME patients compared with healthy controls and severe CFS/ME patients. RANTES was sig-
nificantly increased in moderate CFS/ME patients compared to severe CFS/ME patients. Serum IL-7 
and IL-8 were significantly higher in the severe CFS/ME group compared with healthy controls and 
moderate CFS/ME patients. IFN-γ was significantly increased in severe CFS/ME patients compared 
with moderately affected patients. This was the first study to show cytokine variation in moderate 
and severe CFS/ME patients, with significant differences shown between CFS/ME symptom severity 
groups. This research suggests that distinguishing severity subgroups in CFS/ME research settings 
may allow for a more stringent analysis of the heterogeneous and otherwise inconsistent illness. 
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Introduction 
Immunological dysregulation can be caused or 

influenced by changes in serum immune protein lev-
els, which play a key role in living cells by allowing 
specific interactions with other molecules [1]. Many 
studies have assessed the levels of cytokines and 
immunoglobulins in Chronic Fatigue Syn-
drome/Myalgic Encephalomyelitis (CFS/ME) alt-
hough even with conflicting and inconsistent results, 
this may suggest potential shifts in immune regula-
tions in the illness [2].  

CFS/ME is a severely debilitating illness which 

causes patients to experience both physical and cog-
nitive impairment alongside a range of accompanying 
symptoms [3, 4]. CFS/ME has an unknown aetiology, 
with diagnosis made in accordance with symp-
tom-specific criteria [3]. While the pathomechanism of 
CFS/ME is unknown, immunological dysregulation 
consistently occurs in the illness. However validation 
is required as inconsistencies are often found between 
studies. Studies have shown that CFS/ME patients 
demonstrate reduced natural killer (NK) cell cytotoxic 
activity [2, 5-9], altered dendritic cell (DC) phenotypes 
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[9], decreased CD8+ T cell activity [6] and potential B 
cell activation [10]. Compromises to innate immune 
cell functioning can interfere with, or reflect, adaptive 
processes and translate into shifts in cytokine patterns 
that are either pro- or anti-inflammatory [11].  

Cytokine imbalances in peripheral blood cells 
may have implications for physiological and psycho-
logical functions, with altered cytokine secretions 
impacting on endothelial, cognitive and cardiovascu-
lar body systems [12-14]. There are inconsistent alter-
ations in cytokine patterns in CFS/ME for instance 
some studies demonstrated elevated IL-1β (interleu-
kin 1 beta), IL-4, IL-5 and IL-6 and reduced IL-8, while 
other research found no changes to cytokines in the 
illness [15, 16]. NK cell dysfunction, namely reduced 
cytotoxic activity, is consistent in CFS/ME, therefore 
NK cell derived cytokines, such as IFN-γ (interferon 
gamma), may demonstrate altered immunity patterns 
and associated cytokine shifts in the illness [2, 15-22]. 

Cytokine and/or immunoglobulin levels are of-
ten altered in diseased states, consequently leading to 
physiological symptoms [23]. Immunoglobulin levels 
have also been inconsistently varied in CFS/ME pa-
tients [24, 25]. Most studies demonstrate no change to 
immunoglobulins in CFS/ME although some studies 
have found low IgM, IgA and IgG levels in CFS/ME 
patients [2, 16]. Immunoglobulin levels may also be 
linked to the reduced NK activity shown in CFS/ME 
as intravenous immunoglobulin (IVIg) treatments 
have altered NK cell activity in immune-mediated 
diseases, such as Kawasaki disease, dermatomyositis 
and multiple sclerosis (MS). Suppression of NK cell 
cytotoxic activity is also mediated by the antigen 
binding portion F(ab)2 of immunoglobulin and hence 
IVIg infusion also improves antibody-dependent 
cell-mediated cytotoxicity (ADCC) [26, 27]. 

A clinically distinct housebound group of 
CFS/ME patients recently displayed reductions in NK 
cell cytotoxic activity, increased CD14-CD16+ DCs and 
altered B and iNKT cell phenotypes when compared 
with moderately affected patients, highlighting the 
importance of assessing severity subgroups in the 
illness [9]. In an attempt to control for heterogeneity 
within a CFS/ME patient cohort, defining CFS/ME 
patients according to specific clinical characteristics 
allows for further analysis of the illness [28]. Symp-
tom severity may be related to the extent of immune 
dysfunction found in CFS/ME patients, placing im-
portance on the recognition of severity subgroups to 
allow an extensive analysis of the illness. Cytokine 
imbalances may be related to disease pathologies and 
therefore should also be assessed in severity sub-
groups of CFS/ME patients.  

This study was the first to examine serum cyto-
kines and immunoglobulins in severe CFS/ME pa-

tients in comparison to moderate CFS/ME patients 
and healthy controls. The purpose of this study was to 
further examine the relationship between CFS/ME 
severity subgroups by assessing IgA, IgM, IgG2, IgG4 
and IgGTotal immunoglobulins and inflammatory cy-
tokines in moderate and severe CFS/ME patients.  

Methods 
Ethical Clearance 

The Griffith University Human Research Ethics 
Committee granted ethical approval for this study 
after an extensive review (GU Ref No: 
MSC/23/12/HREC). 

Participant Recruitment 
All participants were aged between 20 and 65 

years old and were recruited using CFS/ME support 
groups, social medial, email advertisements and an 
expression of interest database. All those to be in-
cluded in the study were briefed and provided writ-
ten informed consent prior to participating. 

All CFS/ME patients included in the research 
had the illness for at least 6 months prior to the study 
and were previously diagnosed with CFS/ME by a 
primary physician. The application of the 1994 Fu-
kuda diagnostic criteria was then used in combination 
with an extensive questionnaire delineating each pa-
tient’s diagnosis, history and symptoms. A General 
Practitioner also conducted clinical assessments on all 
research participants, including patient symptoms, 
blood pressure, temperature and heart rate. Partici-
pants were subjected to stringent exclusion criteria to 
eliminate confounding co-morbidities or conditions 
that may influence the immunological data or the 
participant’s illness state. Participants were excluded 
from the research if they had been diagnosed with an 
autoimmune, heart or thyroid-related disorder, psy-
chosis, major depression, breast feeding, pregnant, a 
smoker, if they were taking strong hormone-related 
medications or if they experienced symptoms of 
CFS/ME but did not meet the 1994 Fukuda criteria for 
the illness.  

The CFS/ME patients were classified as either 
mobile or housebound and these severities were 
translated to ‘moderate’ and ‘severe’ subgroups re-
spectively. Moderate CFS/ME patients were those 
who were mobile, initially identified as those who 
were able to regularly leave the house unassisted and 
who had the potential to maintain a job, even with 
reduced hours. Severe CFS/ME patients were those 
who were initially identified as housebound, unable 
to sustain a job due to the constraints of their symp-
toms and those who were not able to leave the house 
unassisted. These severity subgroups were then con-
firmed through the use of an extensive questionnaire 
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containing routinely used severity scales in CFS/ME: 
the Fatigue Severity Scale (FSS), Dr Bell’s Disability 
Scale, the FibroFatigue Scale and the Karnofsky Per-
formance Scale (KPS) [9]. CFS/ME patients who were 
severely affected by their symptoms were visited in 
their homes by a team with a mobile qualified phle-
botomist and a General Practitioner. Moderate 
CFS/ME patients and healthy controls participated in 
the research at a designated collection site where they 
were met by the General Practitioner and qualified 
phlebotomist. There were 63 participants included the 
study, including age and gender matched healthy 
controls (n=22), moderate CFS/ME (n=22) and severe 
CFS/ME (n=19) patients. 

Sample Preparation  
A morning non-fasting blood sample was col-

lected from the antecubital vein of participants into 
serum separating tubes (SST). All participants’ blood 
was collected between 8:30am and 11:30am and sam-
ples were kept in a cooler box until serum was ob-
tained from centrifugation and snap frozen within 5 
hours of the initial collection. Pathology Queensland 
also conducted an initial full blood count assessment 
on each participant to ensure that patients were 
within the ranges for the whole blood cell parameters.  

Immunoglobulin Analysis 
Concentrations of the immunoglobulins IgA, 

IgM, IgG2, IgG4 and IgGTotal from stored SST serum 
were measured by flow cytometry using a BD CBA 
Human Immunoglobulin Flex Set system (BD Biosci-
ences, San Diego, CA) as per manufacturer’s instruc-
tions. FCap Array software (BD Biosciences, San Di-
ego, CA) was then used for the construction of stand-
ard curves and for analysis of flow cytometric data. 

Cytokine Analysis 
Stored SST serum was thawed and a Bio-Plex Pro 

human cytokine 27-plex immunoassay kit (Bio-Rad 
Laboratories Inc, Hercules, CA) was used for the de-
tection of inflammatory cytokines. Cytokines detected 
in the kit included IL-1β, IL-1ra (interleukin 1 receptor 
agonist), IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, 
IL-12p70, IL-13, IL-17, FGF (fibroblast growth factor), 
eotaxin (CCL11), G-CSF (granulocyte colo-
ny-stimulating factor), GM-CSF (granulocyte macro-
phage colony-stimulating factor), IFN-γ, IP-10 (inter-
feron gamma-induced protein 10, CXCL10), PDGF-BB 
(platelet-derived growth factor-BB), RANTES (regu-
lated on activation, normal T cell expressed and se-
creted, CCL5), TNF-α (tumor necrosis factor alpha), 
MCP1 (monocyte chemotactic protein 1), MIP1a 
(macrophage inflammatory protein alpha), MIP1b 
(macrophage inflammatory protein beta), and VEGF 
(vascular endothelial growth factor). The kit used 

magnetic beads to simultaneously detect cytokine 
levels and data was obtained in duplicates using the 
Bio-Plex system in combination with Bio-Plex Man-
ager software (Bio-Rad Laboratories Inc, Hercules, 
CA). 

Data and Statistical Analysis 
Statistical analyses were performed using SPSS 

statistical software version 22.0. All experimental data 
represented in this study are reported as plus/minus 
the standard error of the mean (+SEM) or plus/minus 
the standard deviation (SD) as specified. Comparative 
assessments among the three participant groups 
(control, moderate CFS/ME and severe CFS/ME pa-
tients) were performed using the Kruskal Wallis test 
of independent variables based on rank sums to de-
termine the magnitude of differences between groups 
when parameters were not normally distributed. 
Normally distributed parameters were compared 
between groups using the analysis of variance test 
(ANOVA). The Mann-Whitney U or least significant 
difference (LSD) post hoc tests were used for non-
parametric or parametric data respectively to deter-
mine significant differences between the groups 
where p values of statistical significance were set at an 
alpha criterion at p < 0.05. Spearman’s correlation was 
conducted on parameters to determine correlates 
where statistical significance was accepted as p < 0.01. 
Outliers were identified using a boxplot technique on 
SPSS software where extreme outliers were high-
lighted if they presented beyond the plot’s whiskers 
[29]. Extreme outliers were identified as points be-
yond an outer fence, defined as the lower quartile - 1.5 
x interquartile range (IQ) or the upper quartile plus 3 
x IQ. These extreme outliers were then handled by 
eliminating particular data points from the analysis 
[29].  

Results 
Participants 

Data were available for 63 participants in total, 
including 22 healthy controls, 22 moderate CFS/ME 
and 19 severe CFS/ME patients. The mean (+ stand-
ard deviation) ages for the control, moderate CFS/ME 
and severe CFS/ME patients were 40.14 + 2.38, 42.09 
+ 2.72 and 40.21 + 1.57 respectively. There was no 
statistical difference in age or gender between partic-
ipant groups (p=0.598, 0.324 respectively) (Table 1). 
The 1994 Fukuda criteria for CFS/ME were satisfied 
by all moderate and severe CFS/ME participants.  

In all severity scales used, including activi-
ty/ability level based on percentage of optimal func-
tioning (0-100%), the FibroFatigue Scale, the FSS, the 
KPS and Dr Bell’s Disability Scale, there were statis-
tically significant differences between all participant 
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groups, with moderate and then severe CFS/ME par-
ticipant groups displayed significantly worsened 
scores respectively (Table 1). There were no statisti-
cally significant differences between moderate and 
severe CFS/ME patient groups years since CFS/ME 
diagnosis, estimated visits to a general practitioner in 
the past 12 months or number of days in the past 30 
days where symptoms presented difficulties for the 
patient (Table 1). Severe CFS/ME patients had a sig-
nificantly increased number of days out of the 30 days 
prior to participation where ‘usual’ activities were not 
able to be carried out due to symptoms (Table 1). 

There were no statistically significant differences 
in blood pressure, pulse, temperature or routine full 
blood count parameters between participants groups 
(Table 2).  

No significant differences to immunoglobulins 
Serum immunoglobulins, IgA, IgM, IgG2, IgG4 

and IgGTotal were not significantly different between 
the control, moderate and severe CFS/ME groups 
(data not shown). 

Cytokine Analyses 
IL-1β was correlated with IL-6 according to 

Spearman’s Bivariate Correlation where p < 0.01. 
There was a significant increase in IL-1β in moderate 
CFS/ME compared with severe CFS/ME (p=0.002) 
(Figure 1) and IL-6 was also significantly decreased in 
the moderate CFS/ME group compared with the 
healthy controls and severe CFS/ME group (p<0.001 
and 0.001 respectively). IL-7 and IL-8 cytokines were 
significantly increased in the severe CFS/ME group 
compared with healthy controls and moderate 
CFS/ME (p<0.001, 0.001 and p=0.001, 0.001 respec-
tively) (Figure 1). IL-7 was positively correlated with 
IFN-γ (p < 0.01) and IFN-γ was significantly increased 
in severe CFS/ME compared with the moderately 
affected CFS/ME group (p=0.025) (Figure 2). RANTES 
was significantly increased in moderate CFS/ME 
compared with healthy controls and severe CFS/ME 
(p=0.009 and 0.012 respectively) (Figure 2). 

There was no statistical significance found be-
tween any of the groups in the cytokines IL-1ra, IL-2, 
IL-4, IL-5, IL-6, IL-9, IL-10, IL-12p70, IL-13, IL-17, FGF, 
eotaxin, G-CSF, GM-CSF, IP-10, PDGF-BB, TNF-α and 
VEGF (Data not shown). 

Table 1: Participant and clinical characteristics for each participant group (control, moderate and severe). 

 Control Moderate 
CFS/ME  
patients 

Severe  
CFS/ME  
patients 

p Value between 
groups 

Participant Characteristics  
Age in years (mean + SD) 40.14 + 11.17 42.09 + 12.75 40.21 + 6.84 0.598 
Gender (Female, Male) 14, 8 15, 7 16, 3 0.324 
CFS/ME Patient Clinical Data 
Years since CFS/ME diagnosis NA 9.00 + 8.870 13.071 + 6.639 0.087 
Estimated number of visits to a General Practitioner in the last 12 months NA 10.12 + 5.264 5.214 + 4.263 0.174 
Number of days in the past 30 days where symptoms/difficulties were present NA 26.31 + 8.396 29.50 + 1.401 0.100 
Number of days in the past 30 days where usual activities were not able to be 
carried out due to symptoms 

NA 7.69 + 8.875 14.57 + 10.733 0.011 

Activity/Ability Level Rating (0-100%) 
Typical good day 98.89 + 3.333 60.45 + 19.390 28.18 + 14.013 0.000 
Typical bad day 90.00 + 11.180 25.00 + 14.720 10.00 + 0.000 0.000 
Day of participation 97.78 + 6.667 50.45 + 19.875 14.55 + 5.222 0.000 
FibroFatigue Scale - Symptoms 
Fatigue 0.00 + 0.000 3.32 + 1.912 5.64 + 0.674 0.000 
Memory 0.11 + 0.333 3.00 + 1.718 3.00 + 1.549 0.000 
Concentration 0.00 + 0.000 3.23 + 1.572 3.73 + 1.348 0.000 
Sleep 0.56 + 0.882 3.32 + 1.555 4.00 + 2.191 0.000 
Headaches 0.00 + 0.000 2.45 + 1.920 3.36 + 1.567 0.000 
Pain 0.00 + 0.000 3.32 + 1.615 4.18 + 1.471 0.000 
Muscle Pain 0.11 + 0.333 3.59 + 1.652 4.36 + 1.567 0.000 
Infection 0.11 + 0.333 2.50 + 2.064 3.45 + 1.753 0.000 
Bowel 0.11 + 0.333 1.86 + 1.935 2.91 + 2.071 0.000 
Autonomic 0.00 + 0.000 3.14 + 1.612 2.73 + 2.149 0.000 
Irritability 0.00 + 0.000 2.36 + 1.649 1.55 + 1.864 0.000 
Sadness 0.00 + 0.000 1.73 + 1.778 1.36 + 1.690 0.001 
Severity Scales 
Fatigue Severity Scale 10.12 + 1.219 52.32 + 10.403 59.64 + 2.649 0.000 
Karnofsky Performance Scale 100.00 + 0.000 72.27 + 9.726 52.73 + 12.721 0.000 
Dr Bells Disablity Scale 100.00 + 0.000 49.09 + 21.582 20.00 + 10.000 0.000 
Data is represented as Mean + SD in control (n=22), moderate CFS/ME (n=22) and severe CFS/ME (n=19). Statistical significance is bolded and accepted as p <0.05 between 
participant groups. CFS/ME: Chronic Fatigue Syndrome/Myalgic Encephalomyelitis; SD: standard deviation. 
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Table 2: Clinical and full blood count results for healthy controls, moderate CFS/ME and severe CFS/ME participant groups. 
Parameter Control (n=22) Moderate (n=22) Severe (n=19) p value  
Blood Pressure (Systolic) 76.36 + 9.41 71.14 + 5.33 74.74 + 11.96 0.172 
Blood Pressure (Diastolic) 119.32 + 18.60 114.32 + 14.00 111.32 + 14.70 0.325 
Pulse bpm 66.00 + 8.10 70.82 + 8.73 67.16 + 6.80 0.115 
Temperature (oC) 36.43 + 0.42 36.33 + 0.40 36.54 + 0.51 0.323 
Haemoglobin g/L 135.38 + 14.31 141.81 + 14.11 135.12 + 13.24 0.640 
White Cell Count (x109/L) 5.97 + 1.49 5.68 + 0.83 6.5 + 1.93 0.325 
Platelets (x109/L) 229.25 + 43.05 242 + 43.79 240 + 62.63 0.634 
Haematocrit (x109/L) 0.40 + 0.03 0.42 + 0.04 0.40 + 0.03 0.478 
Red Cell Count (x109/L) 4.54 + 0.38 4.70 + 0.48 4.44 + 0.46 0.088 
MCV (fL) 88.38 + 4.59 88.94 + 2.98 91.12 + 4.99 0.363 
Neutrophils (x109/L) 3.51 + 1.13 3.13 + 0.63 3.84 + 1.14 0.197 
Lymphocytes (x109/L) 1.96 + 0.67 2.01 + 0.46 2.09 + 0.90 0.907 
Monocytes (x109/L) 0.39 + 0.12 0.34 + 0.09 0.39 + 0.13 0.560 
Eosinophils (x109/L) 0.10 + 0.06 0.17 + 0.09 0.16 + 0.12 0.519 
Basophils (x109/L) 0.02 + 0.01 0.03 + 0.00 0.02 + 0.00 0.279 
ESR (mm/Hr) 7.06 + 2.82 6.13 + 5.32 10.06 + 5.15 0.056 
Sodium (mmol/L) 138.62 + 1.59 138.63 + 1.90 138.29 + 2.11 0.990 
All data is represented as Mean+SD in control (n=22), moderate CFS/ME (n=22) and severe CFS/ME (n=19). * signifies p <0.05 between participant groups. CFS/ME: 
Chronic Fatigue Syndrome/Myalgic Encephalomyelitis; SD: Standard Deviation. 

 
 

 
Figure 1:  The profile of serum interleukin levels in control, moderate and 
severe CFS/ME. A IL-1β, IL-4, IL-6, IL-7 and IL-13 serum concentrations where 
data is presented as serum concentration (pg/mL). B IL-1RA, IL-2, IL-12 and IL-17 
serum concentrations where data is presented as serum concentration (pg/mL). C 
IL-5, IL-8, IL-9 and IL-10 serum concentrations where data is presented as serum 
concentration (pg/mL). All data is represented as mean+SEM. * represents results 
that were significantly different where p <0.05. CFS/ME: Chronic Fatigue Syn-
drome/Myalgic Encephalomyelitis; IL: Interleukin; IL-1RA: interleukin 1 receptor 
agonist; SEM: Standard Error of the Mean. 

Discussion 
This research was the first to assess immuno-

globulins and inflammatory cytokines in severe 
CFS/ME patients compared with moderate CFS/ME 
patients and healthy controls. There were statistically 
significant differences in symptom severity and 
physical activities between controls, moderate and 
severe CFS/ME patients. According to severity scales, 
those in the severe CFS/ME patient group displayed 
the most severe symptoms. Prior to this research, cy-
tokine abnormalities and inconsistently altered im-
munoglobulin concentrations have been commonly 
found in both plasma and serum studies of CFS/ME 
[15, 18-21]. However, literature had only assessed 
CFS/ME patients who were moderately affected by 
symptoms, leaving out those who are severely af-
fected and subsequently housebound.  

Cytokines and chemokines play a major role in 
many inflammatory diseases [30, 31]. NK cell cyto-
toxic activity reflects a balance between activating and 
inhibitory signals which may be disturbed in CFS/ME 
patients as they demonstrate consistently reduced NK 
cell cytotoxic activity compared to healthy controls [2, 
9, 32, 33]. NK cell activation is triggered by inflam-
matory mediators, cytokines and chemokines includ-
ing IL-2, IL-12, IL-15, IL-18 and RANTES following 
recognition of stressed cells which leads NK cells to 
lyse target cells and secrete IFN-γ and TNF-α [31]. NK 
cells also have an influence on the generation of Th1 
type pro-inflammatory responses, which conse-
quently can result in a shift in the Th1/Th2 balance of 
cytokines. Previously, CFS/ME patients have shown 
evidence of a bias towards a Th2 immune response as 
IFN-γ and IL-4 were increased in CFS/ME patients 
compared with healthy controls [20]. 
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Figure 2: Serum cytokine levels in control, moderate and severe CFS/ME 
participant groups. A Eotaxin, VEGF, MIP1b, GM-CSF and G-CSF serum con-
centrations where data is presented as serum concentration (pg/mL). B IP10, 
PDGF-BB and RANTES serum concentrations where data is presented as serum 
concentration (pg/mL). C IFN-γ, TNF-α, FGF, MCP1 and MIP1a serum concentra-
tions where data is presented as serum concentration (pg/mL). Data are represented 
as mean+SEM. * represents results that were significantly different where p <0.05. 
CFS/ME: Chronic Fatigue Syndrome/Myalgic Encephalomyelitis; VEGF: vascular 
endothelial growth factor; MIP1b: macrophage inflammatory protein beta; GM-CSF: 
granulocyte macrophage colony-stimulating factor; G-CSF: granulocyte colo-
ny-stimulating factor; IP10: interferon gamma-induced protein 10; PDGF-BB: plate-
let-derived growth factor-BB; RANTES: regulated on activation, normal T cell 
expressed and secreted; IFN-γ: interferon gamma; TNF-α: tumor necrosis factor 
alpha; FGF: basic fibroblast growth factor; MCP1: monocyte chemotactic protein 1; 
MIP1a: macrophage inflammatory protein alpha; SEM: Standard Error of the Mean. 

 
IFN-γ is secreted by T cells to form part of a Th1 

immune response. The levels of IFN-γ in CFS/ME 
patients are inconsistent, with previous studies 
demonstrating a reduction of IFN-γ following mito-
genic stimulation of peripheral blood mononuclear 

cells in the illness [2, 34], no difference in the levels of 
circulating plasma IFN-γ [34-36] and increased pro-
duction of IFN-γ by CD4+ and CD8+ T cells [20]. 
NK-derived IFN-γ leads to the promotion of DC 
maturation and enhanced antigen presentation to T 
cells, hence improving or dampening T cell responses 
through IFN-γ [31, 33]. High amounts of IFN-γ are 
secreted by CD56bright NK cells which exhibit weak 
cytotoxic activity [33]. Previously, plasma IFN-γ levels 
have significantly differed between CFS/ME patients 
based on illness duration, with increased plasma 
IFN-γ in patients who had a short illness duration 
(less than 3 years) [28]. The present study highlights 
that defining severity of CFS/ME may be important 
as the increase in serum IFN-γ in severe CFS/ME pa-
tients may be as a result of overactive IFN-γ by 
CD56bright NK cells as a mechanism to enhance the 
reduced NK cell cytotoxic activity in the illness [8]. 
This increased serum IFN-γ in severe CFS/ME pa-
tients may also be contributing to increased DC phe-
notypes, particularly CD14-CD16+ DCs which were 
increased in severe CFS/ME patients previously [9]. 
Similarly, increased serum IFN-γ may promote 
heightened T cell responses, such as the increase in 
Tregs that is shown in CFS/ME patients [37]. 

IL-1β is secreted by monocytes and tissue mac-
rophages induced by Th1 cells and functions to regu-
late metabolic, immuno-inflammatory and reparative 
properties and it can be a mediator of some diseases 
[30, 38]. IL-1β gene polymorphisms may be a marker 
for the severity of joint destruction in rheumatoid 
arthritis (RA) [39] as well as a determinant of disease 
course and severity in patients with inflammatory 
bowel disease, essentially contributing to the hetero-
geneity of the illness [40]. IL-1β is involved in the ac-
tivation of T cells [30], a mechanism which is poten-
tially defective in CFS/ME patients due to the sup-
pression of early T cell activation and proliferation, 
possibly also contributing to the lowered inflamma-
tory response in the illness [41]. Increased serum IL-1β 
in the moderate CFS/ME patients compared with 
severe CFS/ME patients suggests that patients expe-
riencing moderate symptoms may have increased T 
cell activation as a result of enhanced serum IL-1β 
compared with those who are more severely affected. 
Interestingly, severe CFS/ME patients’ serum IL-1β 
did not significantly differ from healthy controls, 
suggesting that in the case of severe CFS/ME, IL-1β is 
not contributing to any deficiencies in T cell activation 
seen in CFS/ME. A previous study demonstrated 
significantly increased plasma IL-1β in CFS/ME pa-
tients with short illness duration (less than 3 years) 
when compared to CFS/ME patients with a greater 
illness duration [28]. The present study focused on 
illness severity, where increased cytokine abnormali-
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ties were reported in IFN-γ and IL-1β, suggesting that 
illness severity and duration may play a role in cyto-
kine profiles in CFS/ME.  

IL-6 is part of the Th2 immune response and it 
synergizes with IL-1 in inflammatory reactions and 
may exacerbate the IL-1β alterations demonstrated in 
CFS/ME [19]. There was a significant correlation be-
tween IL-6 and IL-1β in this study. Increases in IL-1β 
and IL-6 in the brain have been linked to ‘sickness 
behaviours’ that are exacerbated by pro-inflammatory 
cytokines and may be present in CFS/ME [21, 42].  

IL-6 is a pro-inflammatory cytokine produced by 
monocytes, epithelial cells and fibroblasts. IL-6 plays 
a role in the regulation of immune responses, induc-
ing cell proliferation and differentiation, promoting B 
cell activation and autoantibody production via T cell 
activation [30]. Abnormal or overproduction of IL-6 
has also been associated with some autoimmune dis-
eases, such as MS, RA and experimental allergic en-
cephalomyelitis (EAE) [30, 43-45]. Increased IL-6 has 
been found in CFS/ME patients [35, 36], as well as 
elevated soluble IL-6 receptor (sIL-6R) which directly 
enhances the effects of IL-6 [46]. IL-6 is often linked 
with inflammation or increased inflammatory re-
sponse [43] and acute infection is associated with el-
evated plasma concentrations of TNF, IL-6 and IL-8 
[43]. Increased IL-6 in severe CFS/ME patients sug-
gests that these patients may have an enhanced in-
flammatory response compared to those who have 
less severe symptoms. It has been speculated that in-
creased IL-6 may influence the JAK-STAT3 signalling 
pathway or the molecular mechanism by which IL-6 
regulates the Na+/K+ ATPase, suggesting that it may 
be beneficial to examine these pathways in CFS/ME 
patients [45]. 

Chemokines are the largest family of cytokines 
and are critical to coordinating adaptive immune re-
sponses by binding to specific cell-surface receptors 
[33]. IL-8 (also known as CXCL8) is a chemokine and 
an important component of the pro-inflammatory 
immune response Following activation, NK cells also 
produce increased amounts of IL-8 which may lead to 
the attraction of T cells, B cells and other NK cells [31, 
33]. Increased serum IL-8 in severe CFS/ME patients 
in this research suggests that these patients may be 
experiencing a heightened pro-inflammatory immune 
response. Theoretically, increased IL-8 in severely 
affected CFS/ME patients may demonstrate increased 
NK, T and B cell recruitment although in CFS/ME, 
NK cells appear dysfunctional and there is often an 
imbalance in the activation of these cells [5, 9, 32, 41]. 

IL-7 can also stimulate cytotoxic functioning in 
mature peripheral CD8+ T cells, a function that ap-
pears to be reduced in CFS/ME patients [47]. An in-
creased serum IL-7 level in the severely affected 

CFS/ME patients may be related to an increase in T 
cell functioning or NK cell proliferation in the illness. 
T cell activation and cytotoxic activity have not been 
assessed in severe CFS/ME although moderate 
CFS/ME patients have previously demonstrated re-
duced numbers of T cells, including both CD4+ and 
CD8+ subsets as well as decreased CD8+ T cell activa-
tion [48, 49]. Increased IL-7 should promote T cell 
function and NK cell proliferation in CFS/ME alt-
hough both NK and T cell function have been reduced 
in the illness [48, 49]. Therefore, it is possible that 
there is a defect downstream in the IL-7 pathway that 
prevents NK and T cell mechanisms in CFS/ME pa-
tients. IL-7 was also significantly and positively cor-
related to IFN-γ levels in the present study. Like 
IFN-γ, increased IL-7 in severely affected CFS/ME 
patients may be a response to the reduced NK cell 
cytotoxic activity typically associated with the illness 
[9], particularly because NK cell cytotoxic activity 
appears to be further reduced in severe CFS/ME pa-
tients who have higher levels of IFN-γ. It is also of 
interest that severe CFS/ME patients demonstrate 
increases in IFN-γ and IL-7, suggesting they may be 
involved in illness severity, as reported in other ill-
nesses (Dengue infection) [45, 50].  

The present study found increased serum 
RANTES in moderate CFS/ME patients and reduced 
serum RANTES in severely affected CFS/ME pa-
tients. These findings may reflect patient diversity 
and heterogeneity in the illness. RANTES (or CCL5), 
is another inflammatory chemokine produced spon-
taneously by NK cells. RANTES is associated with 
lymphoid homing, activation of T cells and their 
apoptosis as well as resting migration, killing abilities 
and cytotoxic granule release by NK cells [31, 33, 49, 
51-54].  

Contrarily, the reduction in RANTES demon-
strated in the severely affected CFS/ME patients may 
suggest a decreased T cell activation, NK cell lysing 
abilities and granule release, as shown in previous 
studies in moderate CFS/ME patients [2, 6, 9, 32]. 
These findings support previous studies which 
demonstrate further reduced NK cell cytotoxic activ-
ity in severe CFS/ME patients and perhaps highlights 
a link between some components of the immune re-
sponse and the symptom presentation and severity 
experienced by patients [9, 55]. 

In the current study, cytokine levels were mar-
ginally above those typically observed in human se-
rum, however as CFS/ME is characterised by immune 
dysfunction, these elevated levels may represent ill-
ness severity presentation. The serum cytokine levels 
have not impacted the study as the statistical analysis 
conducted was used to identify differences between 
the groups. It is also acknowledged that some 
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over-the-counter medications or vitamins were being 
taken by some participants at the time of this research 
and future studies with larger sample sizes may allow 
an analysis of specific medications or include a 
washout period so results are free from the influence 
of medication.  

Further studies into severity subgroups in 
CFS/ME may be important to explore the mecha-
nisms behind such cytokine alterations. These cyto-
kine changes in CFS/ME may be an indication of 
further immune dysregulation and the illness 
pathomechanism. 

Conclusions 
The present study is the first to assess serum 

immunoglobulin and cytokine levels in CFS/ME pa-
tients grouped according to symptom severity. All 
significant serum cytokine differences shown were 
between moderate and severe CFS/ME patient 
groups. Interestingly, the moderate CFS/ME patient 
cohort displayed more extreme levels of some cyto-
kines than the severe CFS/ME patient cohort, which 
did not significantly differ from healthy controls in 
IL-1, IL-6, IFN-γ and RANTES. On the other hand, the 
most severe clinical group had distinctively raised 
levels of IFN-γ, IL-7 and IL-8. Cytokine abnormalities 
have been associated with a number of diseases, par-
ticularly regarding severity and suggestive 
pathomechanism, highlighting the importance of the 
outcomes from the present study and the necessity for 
future expansions of this research. 

Overall, the present study has demonstrated 
serum cytokine abnormalities in CFS/ME patients. 
These findings support the investigation of CFS/ME 
patient severity subgroups in both research and clin-
ical settings. Further identification of different clinical 
groups in CFS/ME may influence diagnosis and de-
velopment of therapeutic strategies in future. 
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