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ABSTRACT 

Background and Objective: Previous research has speculated on the role of pro- and inflammatory immune mediators 
in the etiologic process of fatigue, with contrasting findings. The preponderance of the evidence supports the role of 
inflammatory mediators in the disease process of Chronic Fatigue Syndrome (CFS). The purpose of this study was to 
evaluate the production of interleukin IL-8 by peripheral blood mononuclear cells derived from individuals with chronic 
fatigue. A secondary objective was to determine if there was a significant relationship between IL-8 production and 
plasma cortisol level. Materials and Methodology: Data was collected from three groups, a sample of individuals with 
CFS (n = 15), a comparison sample of individuals with fatigue that did not meet criteria for CFS (n = 30) and a group of 
putatively health normative controls (n = 23). Peripheral blood was drawn and plasma samples derived. Peripheral 
blood mononuclear cells were stimulated with a mitogenic protocol and levels of IL-8 in unstimulated and stimulated 
bulk supernatant determined. Results: Both fatigue groups displayed significantly higher levels of IL-8 than the control 
group. The CFS group demonstrated higher levels of IL-8 in plasma than the fatigue comparison group. Conclusion: 
The findings demonstrate a clear association between fatigue and IL-8. The ability to identify an inflammatory marker 
in association with fatigue could provide a means of identifying those who may be at risk for the development of this 
disorder. 
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1. Introduction 

Estimates propose that Myalgic Encephalomyelitis/Chro- 
nic Fatigue Syndrome (ME/CFS) affects approximately 
800,000 Americans, at a cost of billions of dollars to the 
economy [1]. While there have been many studies attempt-
ing to outline the immunological correlates of ME/CFS, 
little has been accomplished by way of establishing a stan-
dardized clinical or experimental diagnostic tool for clas-
sifying a patient with this disease [2]. Immune abnor-
malities such as low Natural Killer (NK) cell function, 
and imbalance in the type I and type II immune response 
have been suggested, however less investigated are a related 
group of proteins known as chemokines that are prima- 
rily chemoattractant in nature. In other words, this group 
of signaling proteins stimulates the movement of immune 
cells in the circulation and contributes to the trafficking 
of cells into tissue. In an apparently immunologically fa-

cilitated disease state such as CFS, understanding the role 
of these proteins is critical. 

Chemokines can be broadly classified into two groups; 
those involved in homeostasis and those associated with 
inflammation and immune response. These are elicited 
through infection or injury. One preeminent inflammatory 
chemokine is CXCL8, also known as IL-8. Interleukin-eight 
(IL-8) is produced by several epithelial and endothelial 
cell types, as well as by macrophages and other immune 
cell classes. The primary role of IL-8 is as chemoattrac- 
tant with a significant effect on neutrophils. IL-8 also has 
significant angiogenic properties profoundly influencing 
the innate immune response [3]. 

Previous studies have investigated the relationships 
among pro-inflammatory cytokines and CFS [4-9]. The 
studies have produced inconsistent findings with some 
literature supporting an increase in pro-inflammatory me-
diators while other studies support an increase in anti-in- 
flammatory mediators. Individuals with fibromyalgia, a *Corresponding author. 
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condition characterized by increased fatigue in associa-
tion with pain, display significantly higher levels of serum 
IL-8 than controls [10]. Peripheral blood mononuclear 
cells in those with fibromyalgia have been found to pro- 
duce higher levels of IL-8 on stimulation than the cells of 
putatively health controls. The production of IL-8 coin- 
cides with marked production of pro-inflammatory pro- 
teins such as IL-6 [11]. Furthermore, IL-8 production is 
associated with pain and is believed to reflect the inti- 
mate tie between this protein and inflammation [12,13]. 

Other lines of investigation have demonstrated CFS and 
other fatiguing conditions to be associated with viral ex- 
posure with an apparent relationship among the release 
of chemokines and virus infection. Certain viruses are ca- 
pable of modifying the expression of chemokine recep- 
tors, allowing the virus to evade the immune system [14]. 
A viral homologue of IL-8 utilizes the same signaling 
pathways as IL-8, providing a selective advantage to the 
virus in peripheral blood mononuclear cells [15]. Blood 
derived mast cells excrete several chemokines upon viral 
exposure, and particularly produce higher levels of IL-8 
in response to low levels of virus. In turn, IL-8 appears to 
stimulate natural killer cells [16]. These findings demon- 
strate that viral etiologies can influence the production of 
immunologic variables and potentially contribute to di- 
sease pathogenesis. 

Previous work has found increased levels of IL-8 in 
the cerebrospinal fluid of individuals with an apparent 
viral onset of CFS [7]. Individuals with CFS have been 
found to display an increased number of apoptotic neu-
trophils with a concomitant reduction in cell viability in 
comparison to putatively healthy controls [17]. This finding 
may reflect an increase in levels of IL-8 in those with 
CFS. Production of IL-8 may indicate infection with known 
associated fatigue and with potential dysregulation of the 
innate immune system in those with CFS. 

The association of IL-8 with inflammation can serve to 
indicate an immune system that has been activated through 
exposure to infection or other stimuli. In particular, in-
creased levels of IL-8 are anticipated in response to viral 
or bacterial exposure. CFS has been conceptualized to be 
associated with viral exposure and immune system dys-
function has been conceptualized as contributing to the 
pathogenesis of CFS. The relationship between viral eti-
ologies and IL-8, concomitant with the role played by 
this chemokine in pain and other illness states associated 
with fatigue make it a candidate for investigation. The 
ability to identify an inflammatory marker in association 
with CFS could provide a means of identifying those who 
may be at risk for the development of this disorder. The 
purpose of this study was to evaluate the production of 
IL-8 by peripheral blood mononuclear cells derived from 
individuals with chronic fatigue. A secondary objective 
was to determine if there was a significant relationship 

between IL-8 production and plasma cortisol level. 

2. Method 

2.1. Participants 

A total of 68 participants (Mean age = 40.5, SD = 13.9) 
participated in the study. Three separate subgroups were 
included; 15 participants who met diagnostic criteria for 
chronic fatigue syndrome, 30 participants that demon-
strated chronic fatigue over a period of at least six months 
with a medical diagnosis other than CFS, and 23 putatively 
healthy participants served as controls. Participants with 
chronic fatigue were recruited from a list of individuals 
who had previously participated in an epidemiological 
study on CFS. All CFS participants positively identified 
as meeting criteria for CFS [18] and diagnosed by a phy-
sician were considered for inclusion. Individuals that pre-
sented with less than four Fukuda symptoms or meeting 
criteria for medical or psychiatric exclusions were excluded. 
All persons involved in the research study were at least 18 
years of age, not pregnant, able to speak English, and phy- 
sically and willfully able to travel to the research center. 

All patients in this study were screened by a licensed 
physician. Medical examinations included general neuro-
logical and physical assessments, as well as a more in-depth 
evaluation of medical and neurological history. The evalua-
tion additionally included the administration of several 
structured clinical instruments including the SF-36 [2]. 
These measures were intended to assess the symptoms, 
and medical history, of those with CFS in order to rule 
out any co-occurring medical conditions. Additional medi-
cal information deemed relevant to the study was collected 
to avoid medical confounds for CFS diagnosis, including 
exposure to HIV/AIDS, tuberculosis, and other non HIV/ 
AIDS sexually transmitted diseases. Information on pre- 
scribed and illicit drug use was also assessed and re- 
corded. A history of all CFS like symptoms was reported 
as a final measure. Laboratory tests included a complete 
blood cell count with differential and platelet count, chemis- 
try screen (which assesses thyroid, renal, and liver func- 
tioning), Hepatitis B, Lyme disease screen, erythrocyte 
sedimentation rate, arthritic profile (which includes rheu- 
matoid factor and anti-nuclear antibody), HIV screen and 
urinalysis. A tuberculin skin test was also performed. The 
project physician performed a detailed medical examina- 
tion to detect evidence of diffuse cardiac or pulmonary 
dysfunction, adenopathy, synovitis, neuropathy, myopa-
thy, or hepatosplenomegaly. The need for such extensive 
laboratory tests was exclusionary rather than inclusionary, 
as defined by Fukuda et al., 2004. 

Those excluded from the diagnostic category of those 
with CFS (n = 15) provided a fatigued comparison group, 
as all participants had reported the presence of fatigue for 
a period of at least six months. A control group (n = 23) 
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that was age and gender range (Mean age 43.5, SD = 
2.56) matched to the fatigue sample population was re-
cruited as part of a separate investigation. The control 
sample was comprised of putatively healthy individuals 
with no history of significant illness or injury. All control 
subjects were free of current symptoms of cardiovascular, 
respiratory, neoplastic or other autoimmune disorders. 

2.2. Peripheral Blood Samples 

Peripheral blood was drawn into lithium citrate tubes and 
processed within six to eight hours of draw. Blood was 
processed within six hours of sample procurement. Plasma 
samples were obtained from blood collection tubes which 
were spun for 20 minutes at 1000× g, and plasma ali-
quots were pipetted directly from each tube with Phos-
phate Buffered Saline used for volume replacement. Af-
terward heparinized peripheral blood was overlaid onto 
Ficoll/Hypaque and then centrifuged at 1000× g for 20 
min. Cells at the interface were washed with Hank’s Bal-
anced Salt Solution (HBSS) and enumerated with a stan-
dard hemacytometer. Cytokine profiles were determined 
by measuring cytokine production from bulk cultured su-
pernatant fluids of stimulated and un-stimulated periph-
eral blood mononuclear cells (PBMC). 

PBMC’s (1 × 106) were cultured in RPMI 1640 plus 
10% fetal bovine serum (supplemented with glutamine, 
penicillin, streptomycin), with and without a mixture of 
phytohaemagglutinin (PHA) and phorbol-12-myristate-13- 
acetate (PMA) (PMA @ 20 ng/well; PHA @ 0.05%/well) 
in 24 well plates for 48 hr at 37˚C. After 48 hr, aliquots 
of supernatant fluid were collected and stored (–70˚C) 
until analyzed. This time period and condition was found 
to be optimal for production of this chemokine. Values 
were determined using the BioPlex multi-analyte bead sus- 
pension array system (BioRad, Hercules, CA) with array 

kits purchased from BioRad. Plasma cortisol levels were 
determined using commercially available kits purchased 
from R & D Systems (Minneapolis, MN). 

2.3. Data Analysis 

All data were initially screened and analyzed descrip-
tively. Demographic (age, gender) and clinical variables 
were analyzed to determine possible independent effects 
of these variables on immune profiles. All data were coded 
and entered into a spreadsheet workbook created in Mi-
crosoft Excel; data were also entered in SPSS Version 16. 
Data entries were compared between Microsoft Excel and 
SPSS to ensure correct entry. All data analyses were con-
ducted using SPSS Version 16. The alpha level determined 
prior to analysis was p = 0.05. 

Missing IL-8 and cortisol data was not replaced, re-
sulting in variable sample sizes. All data prior to the con- 
duction of the analysis were examined for the presence of 
outliers. In general, an outlier was considered to be a value 
that lay outside two standard deviations from the mean. 
Any such outlying values were excluded from analysis. 

For all statistical analyses performed; Levine’s test for 
equality of variance was applied prior to conduction of 
t-tests for independent samples. To compare the produc-
tion between, serial t-tests for independent samples were 
performed with bonferroni correction. 

3. Results 

IL-8 was measured from stimulated and unstimulated 
PBMC, and values obtained from plasma. Data represent-
ing means, ranges, and SEM are provided in Table 1 for 
each of three study groups. The control group demon-
strated an approximately eight-fold increase in the pro-
duction of IL-8 upon stimulation. In CFS subjects, there 

 
Table 1. Stimulated and unstimulated IL-8 levels for each group. 

Fatigue Groups Mean Minimum Maximum SEM 

IL-8 Unstimulated 49.65 0.34 288.0 21.45 

IL-8 Stimulated 517.31 10.18 2,418.0 171.72 

Plasma IL-8 0.284 0.0115 1.22 0.099 
CFS 

Cortisol 76.73 41.174 162.87 18.24 

IL-8 Unstimulated 51.26 2.686 2881.0 21.447 

IL-8 Stimulated 794.192 67.335 3120.98 113.91 

Plasma IL-8 0.082 0.019 0.650 0.029 
Fatigue Comparison Group 

Cortisol 71.57 15.77 348.94 10.22 

IL-8 Unstimulated 5.83 1.54 11.80 0.675 

IL-8 Stimulated 37.51 3.44 315.92 12.94 Controls 

Plasma IL-8 0.04 0.016 0.114 0.023 
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was an approximately tenfold increase in the production 
of IL-8 upon stimulation. A visual representation of this 
change is provided in Figure 1. For those subjects from 
the fatigued comparison group, there also approximately 
a tenfold increase in the production of IL-8 upon stimu-
lation. 

3.1. Controls and CFS 

To compare the production of those with CFS and con-
trols, a t-test for independent samples was performed 
with bonferroni correction. There was a significant dif-
ference between the groups in terms of unstimulated (t = 
2.55, df = 36, p < 0.001) and stimulated (t = 3.59, df = 35, 
p = 0.02) production of IL-8. There was a mean differ-
ence of 43.82 ng/ml between the two groups in relation-
ship to production from unstimulated cells and a mean 
difference of 479.8 ng/ml for stimulated cells. This indi-
cates that individuals with chronic fatigue syndrome pro-
duce significantly greater levels of IL-8 than putatively 
healthy controls. As well, those with CFS had a signifi-
cantly elevated plasma level of IL-8 in comparison to 
controls (t = 1.224, p = 0.024). 

3.2. Controls and Fatigued Subjects 

There was a significant difference between the control and 
the fatigue comparison groups in terms of unstimulated (t 
= 3.42, df = 51, p < 0.001) and stimulated (t = 5.78, df = 
51, p = 0.02) levels of IL-8. This indicates that individu-
als with fatigue produce significant greater levels of IL-8 
than healthy controls. 

3.3. Controls and the Fatigued Comparison 
Group 

Both the unstimulated and stimulated production of IL-8 
was higher in the fatigue comparison group than in the 
CFS subjects. However, these differences were not sig-
nificant. The plasma concentrations of IL-8 of the CFS 
subjects (M = 284 pg/ml, SEM = 98.7) was significantly 
higher than the plasma concentration (M = 94.29 pg/ml, 
SEM 29.77) of the fatigue comparison group (t = 2.203, 
df = 37, p = 0.03). 

Individuals in the fatigue comparison group displayed 
a mean cortisol level of 71.57 ng/ml (Range = 15.77 to 
348.94). Those in the CFS group exhibited a mean corti-
sol level of 76.73 ng/ml (Range = 41.17 to 162.87), which 
was not significantly different from those in the fatigue 
comparison group. 

4. Discussion 

The intent of this investigation was to determine whether 
quantities of IL-8 are differentially produced by the PBMCs 
of individuals with and without fatigue. The findings  

 

Figure 1. Stimulated and unstimulated IL-8 production groups. 
Legend: Data presented in ng/ml, SEM data provided in 
Table 1. 

 
demonstrate that unstimulated PBMCs of individuals with 
chronic fatigue produce approximately tenfold the level 
of IL-8 as do the cells of putatively health controls. When 
cells were subjected to mitogen stimulation, those with 
chronic fatigue presented an approximate tenfold increase 
in the volume of IL-8 secreted, as compared with controls. 
The amount of IL-8 produced by cells of healthy controls 
when stimulated was approximately proportional to that 
produced by the unstimulated cells of those with chronic 
fatigue. It is then apparent that the PBMC of those with 
chronic fatigue produce significantly higher levels of IL-8 
regardless of the imposition of an immunologic challenge. 
As well, the plasma concentrations of IL-8 in those with 
CFS were significantly higher than in a comparison group 
of fatigued subjects not meeting diagnostic criteria for 
CFS. This provides a conceptual fit with previous inves-
tigations. There are three lines of evidence in CFS popu-
lations that help provide a framework in which the pro-
duction of IL-8 can be considered. 

Several authors have speculated that viral exposure and 
subsequent reactivation may be associated with the de-
velopment of CFS [19,20]. To date, the literature has pro-
vided inconsistent support for this concept. It is possible 
that any viral exposure could trigger a process of inflam-
mation that could eventually result in fatigue. It is also 
possible that more than one infectious agent needs to be 
present to evoke a process of inflammation that could 
result in fatigue. In a murine model, is has been demon-
strated that certain bacteria induce the production of IL-8 
from the host and appear to utilize the presence of this 
protein to further infection through the migration of neu-
trophils [21]. It is also possible that viral exposure could 
account for the release of IL-8. Individuals exposed to 
Epstein-Barr Virus have been found to produce higher lev-
els of pro-inflammatory cytokines and IL-8 [22]. Chemoki-
nes play a significant role in the recruitment of neutro-
phils to the site of infection acting as mediators of this 
response type. The increased presence of IL-8 could rep-
resent an underlying inflammatory state in individuals 
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with CFS, a state that could be associated with the migra-
tion of activated cells into tissue with end effects on en-
durance and activity. Viral pathologies have been found 
to be capable of mediating inflammatory pathways through 
effects on the nuclear factor kappa beta (NFkB) pathway 
[23], the pathway through which IL-8 is regulated. A pos- 
sible model then presents itself: CFS may represent a condi- 
tion in which a genetic predisposition interacts with viral 
exposure leading to the development of a state of inflam-
mation, a condition which becomes manifest in the devel-
opment of cognitive deficits and fatigue. 

A second line of research into CFS has investigated 
cognitive deficits and brain lesions associated with this 
condition. Cytokines and chemokines function within the 
central nervous system as well as the peripheral provid-
ing signaling and mediating inflammation. These proteins 
contribute to the development of inflammatory lesions in 
multiple sclerosis and may contribute to the development 
of brain lesions and cognitive deficits in those with CFS. 
Individuals with CFS often experience cognitive difficul-
ties with some evidence providing support for the devel-
opment of CNS lesions [24]. The presence of IL-8 has been 
found to be associated with mild cognitive impairment 
and Alzheimer’s disease [25]. Chemokine increases could 
possibly reflect early stages of cognitive deficit, demon-
strating a state of reactivity in which activated immune 
cells are homed to the central nervous system [26]. Addi-
tionally characteristic of diseases with a neurodegenera-
tive component is the observed reduction in levels of Brain 
Derived Neurotrophic Factor (BDNF), a neurotrophin in-
volved in the stimulation of neurogenesis, concomitant with 
increased levels of proinflammatory chemokines [27]. Glu-
cocorticoid induced reduction in the expression of BDNF 
associated with chronic stress resulting in both neuronal 
degeneration and blunted neurogenesis [28-30]. The in-
teraction between BDNF, other immunologic mediators 
such as IL-8 and glucorticoid regulation may provide further 
insight into the mechanisms through which hypocorti-
solism and inflammation interact to produce the neuro-
logical and immunological alterations observed in indi-
viduals with chronic fatigue. The cognitive deficits seen 
in those with CFS are likely associated with the brain le-
sions observed on MRI [24]. The brain lesions found by 
Lange et al., were predominately areas of white matter 
hyper-intensity in the frontal lobes. White matter hyper- 
intensities are indicative of tissue loss, often with a vas-
cular etiology [26]. Considering the angiogenic function 
of IL-8 and its role as a primary pro-inflammatory me-
diator; it is possible that increased levels of IL-8 could be 
one component of a larger process of inflammation and 
brain lesion development. 

The third line of research within which to view IL-8 is 
the consistent finding of low cortisol levels in individuals 
with CFS [31-33]. IL-8 is down-regulated by glucocorti-

coids and the secretion of IL-8 by TNFα is regulated by 
the inflammatory transcriptional factor, nuclear factor-Kb 
(NF-kB) [34]. These considerations may explain the as-
sociation between hypocortisolism and the proliferation 
of inflammatory cytokines in association with upregula-
tion of mediators of inflammatory transcription in this 
population, as the initiation of inflammatory transcription 
by NF-kB is partially dependent upon reductions in glu-
cocorticoid levels. There was a significant positive cor-
relation found between endogenous cortisol production 
and unstimulated IL-8 in those with fatigue. This is espe-
cially intriguing in light of evidence that individuals with 
CFS display a dysregulation of the HPA axis. Associa-
tion and linkage studies have shown a relationship be-
tween the genetic components responsible for the regula-
tion of immune and hypothalamic-pituitary-adrenal axis 
function and CFS [35-37]. Levels of cortisol have been 
found to be associated with fatigue severity and in the level 
of pain experienced by individuals with CFS [38]. The 
absence of an identifiable regulatory element could ex-
plain heightened levels of IL-8. The increase in IL-8 
could then contribute to inflammatory processes manifest-
ing in fatigue. 

No differences were found in this study between indi-
viduals diagnosed with CFS and those in the fatigue com-
parison group, except for significantly higher levels of 
IL-8 in the plasma of those with CFS. The presence of 
higher levels of IL-8 in plasma may indicate an active 
immunologic response in those with CFS. 

5. Conclusion 

This is the first study to examine PBMC production of 
IL-8 in individuals with chronic fatigue in comparison to 
a control group, and a fatigued comparison population. 
Several previous authors have speculated on the role of 
pro- and inflammatory immune mediators in the etiologic 
process of fatigue. The finding of significantly increased 
IL-8 production on the part of PBMC’s in this population 
provides support for immunologic mediation of fatigue 
and highlights the need for continued examination of im-
munologic pathways in those with fatigue. 
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