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Abstract

Background: Chronic fatigue syndrome (CFS) is characterized by prolonged fatigue and other
physical and neurocognitive symptoms. Some studies suggest that CFS is accompanied by
disruptions in the number and function of various lymphocytes. However, it is not clear which
lymphocytes might influence CFS symptoms.

Purpose: To determine if patient reported fatigue symptoms and physical functioning scores
significantly changed across time with lymphocyte counts as evidence of a relation among chronic
fatigue symptoms and the immune response.

Methods: The current longitudinal, naturalistic study assessed the cellular expression of three
lymphocyte subtypes -- natural killer (NK) cells (CD3-CD16+ and CD3-CD56+) and naive T cells
(CD4+CD45RA+) -- to determine whether changes in lymphocytes at 4 time points across 18
months were associated with clinical outcomes, including CFS symptoms, physical functioning,
and vitality, among patients with chronic fatigue.. Latent growth curve models were used to
examine the longitudinal relationship between lymphocytes and clinical outcomes.

Results: Ninety-three patients with Fukuda-based CFS and seven with non-CFS fatigue provided
study data. Results indicated that higher proportions of naive T cells and lower proportions of NK
cells were associated with worse physical functioning, whereas higher proportions of NK cells
(CD3-CD16+) and lower proportions of naive T cells were associated with fewer CFS symptoms.

Conclusion: These findings suggest that lymphocytes are modestly related to clinical outcomes

over time.
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Introduction

Background

Chronic fatigue syndrome (CFS), as defined by the 1994 criteria [1], is a debilitating
condition involving six months or more of new onset fatigue accompanied by at least four
other symptoms, such as muscle pain, concentration difficulties, post-exertional malaise, and
unrefreshing sleep that result in functional limitations. The Institute of Medicine (IOM)
recently proposed a new case definition that retains the emphasis on chronic, new onset
fatigue and functional limitations, in addition to post-exertional malaise, unrefreshing sleep,
and cognitive impairment or orthostatic intolerance, termed systemic exertion intolerance
disease (SEID) (IOM, 2015) [2]. Comparisons of the 1994 and IOM criteria found
comparable proportions of patients meeting both CFS and SEID criteria [3]. The community
prevalence of CFS has been estimated at 0.42% [4], with most cases reported among
women. Because CFS is a diagnosis of exclusion, without sensitive or specific biomarkers,
patients with presumptive CFS should be evaluated carefully for other conditions that could
cause a similar set of symptoms [1]. Despite the absence of a consistent biomarker, a good
deal of interest centers on the potential role of physiological systems, such as the immune
system, in the onset and course of CFS.

Differences in subsets of T and natural killer (NK) lymphocytes have been found between
CFS patients and healthy controls, in that patients with CFS often have lower counts of NK
cells and/or reduced cytotoxic function of their NK cells compared to healthy control
patients, but these differences are inconsistent [5]. Clinical observations that a virus-like
illness often precedes the onset of CFS have inspired hypotheses of immune system
activation, which would be reflected in increasing numbers of T cell subsets in CFS patients,
including memory T cells [6]. Contrary to this expectation, several studies of CFS patients
have reported reductions in the number or percentage of naive T cells (i.e., T cells bearing
the CD45RA antigen), with no change in memory T cells (T cells bearing the CD45R0O
antigen) [7-9]. Other studies have found no differences in naive T cells between CFS
patients and controls [10].

It has also been suggested that immune system down-regulation characterizes CFS, most
notably a “low NK cell syndrome” subset of CFS characterized by chronic fatigue, loss of
interest in one’s usual activities, and low-grade fever [11]. Among other functions, NK cells
are implicated in immunoregulation and response to infection. Compared to healthy
controls, CFS patients have been reported to exhibit reductions in the absolute number [12—
14] as well as the percentage [15-18] of NK cells (CD16+, CD56+). However, other studies
have found no differences in NK cells between CFS patients and controls [10,19-23].

Beyond case versus control comparisons, few studies have assessed the associations of
immune parameters with measures of clinical status. Hassan and colleagues [20] found that
the percentage of NK cells (CD16+) was positively associated with vitality scores on the
Short Form-36 (SF-36) [24], but not with physical functioning scores. Furthermore, although
the association of immune system dysregulation with CFS has been described as “persistent”
[25], longitudinal studies are rare. Hardcastle and colleagues [26] examined 24 patients with
CFS whose NK and T cells increased over a six-month period in patients classified as
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moderately and severely affected, respectively. Severely affected patients had poorer
functional status than moderately affected patients, but the association of changes over time
in immune and functional status variables was not examined. Levine and colleagues [22]
reported the results of serial NK levels in eight family members with CFS; they were mostly
in the low or low-normal range for two to five measurements per person over two years.
Brenu and colleagues [15] assessed 67 patients with CFS and 21 controls on 3 occasions
(baseline, 6 months, and 12 months), reporting reductions in the percentage of NK cells over
time. The patients in the latter two studies were assumed to be symptomatic and to meet
CFS case criteria at each assessment. Nevertheless, it would be informative to investigate the
relationship between proportions of lymphocyte subsets and fluctuations in symptom
severity and functional status in CFS patients.

An involvement of the immune system with CFS is intuitively and clinically appealing — an
appeal that might help to explain the proliferation of studies on this topic. Several different
explanations have been offered to account for the variability in immunologic findings noted
above. Lyall and colleagues [5] concluded that findings of low levels of NK cells may be
attributed to variability in studies’ methodology and quality. Alternatively, given the
heterogeneous nature of CFS, lymphocyte variables might be relevant only to a subset of
CFS patients, such as patients with the low NK cell syndrome proposed by Aoki and
colleagues [11].

The present study examined the NK and naive T cell lymphocyte subsets that have been
found to discriminate between CFS patients and healthy controls in previous research. These
NK and naive T cell subsets were chosen for this study in order to characterize changes in
lymphocyte levels over repeated measurements, and to determine the association between
lymphocyte subsets and clinical status over time. Given the findings from the literature
reviewed above, we offered the hypothesis that increases in naive T cells and reductions in
NK cells would be associated with more severe CFS symptoms and worse functional status
over time.

Participants and Procedure

As described in detail previously [27], study participants were 100 patients aged 18-65 years
who underwent extensive evaluations to determine whether they met the 1994 criteria [1] for
CFS (N =93) or non-chronic fatigue (N =7) The non-chronic fatigue group consisted of
patients who reported having fatigue or fatigue symptoms, but who were not necessarily
diagnosed with CFS. Evaluations included a physical examination, laboratory tests
(including a complete blood count with differential and erythrocyte sedimentation rate), a
review of all medical records, a self-report questionnaire on the presence or absence of all
major and minor CFS case criteria, and a structured, computer-assisted psychiatric
diagnostic interview, the Diagnostic Interview Schedule (DIS) Version I11-A [28]. (All but
one patient (99%), who did not experience unrefreshing sleep, appeared to meet SEID
criteria [2] based on reviews of physical examination and self-report data).
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This was a naturalistic, longitudinal study of the course of CFS in the patient sample.
Participants completed 4 research appointments at 6-month intervals over 18 months. All
procedures were reviewed and approved by the institutional review board at the authors’
institution. After hearing a description of the study, patients were asked to provide written
informed consent to participate. At each research appointment, they provided a blood sample
and completed a physical examination, a structured interview, and a questionnaire.
Participants received honoraria for completing each of the four appointments.

Descriptive and clinical status measures were gathered by questionnaires and interviews.
Descriptive variables included age, sex, length of illness, race (recoded as White versus non-
White), employment status (recoded as working part- or full-time versus not working), and
medications. Clinical status variables included a continuous measure of CFS-related
symptoms and measures of functional status related to vitality and physical functioning, as
described below.

CFS symptoms—~Patients rated how often they experienced the nine CFS symptoms
specified by Fukuda et al. [1] — fatigue, memory or concentration problems, sore throat,
painful lymph nodes, muscle pain, joint pain, headaches, unrefreshing sleep, and post-
exertion malaise — on a 5-point scale (0=not at all to 4=constantly), yielding possible scores
ranging from 0 to 36. As previously reported, this measure had good discriminant validity
and acceptable internal consistency, and did not decrease significantly over time in this
sample [27].

Functional status—The SF-36 [24] assesses functional status on eight dimensions. Each
score ranges from 0 to 100, with higher scores denoting better functioning and the normal
range characterized as 80 and above. Scores for physical functioning and vitality were
retained for analysis because of their demonstrated sensitivity to change over time in CFS
samples [29], including demonstrable improvement over time in this sample [27].

Lymphocyte subset analysis—The laboratory and procedures described in [30] were
used for this sample. Whole blood specimens were collected in EDTA, stored at room
temperature, delivered to the laboratory within 24 hours, and analyzed on delivery. Two-
color flow cytometry analysis was used for lymphocyte phenotyping, with markers chosen
on the basis of previous research indicating their ability to differentiate between CFS
patients and controls, and to reduce the probability of Type I error. Dual marker analysis was
used for CD3CD56 and CD3CD16 (NK cells) and CDACD45RA (naive cells). The
percentages of CD3-CD16+, CD3-56+, and CD4+CD45RA+ were retained for analysis.

Data Analysis

A series of descriptive analyses characterized the sample. Latent growth curve models
(LGCMs) were used to assess change over time in the immune parameters. In a LGCM,
latent variables are used to describe a pattern of change and are represented by repeated
measures of the same manifest variables. The latent variables are the initial (intercept) value
and the slope value of the measure of interest; the slope value indicates the rate of change in
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the measure over time. Inter-individual variability can then be measured around the mean
intercept and slope values. Change patterns and variability in a measure can be linear,
quadratic, or cubic.

In LGCMs for the present study, the percentage of each lymphocyte was used as the measure
of interest, and was assessed by using the intercept value and the slope value. The intercept
represented the mean percentage of the lymphocyte from all subjects in the sample, and the
slope represented the average rate of change in the percentage of the lymphocyte across four
time points (i.e., visits at baseline, 6, 12, and 18 months). The intercept and slope values
were represented and interpreted as correlation coefficients among the variables. In the
LGCM analyses, the continuous measures of clinical status over time (CFS symptoms,
vitality, and physical functioning) were modeled as time-variant covariates to allow for
slowing or acceleration of improvement over time. All LGCMs were assessed with standard
goodness of fit measures with the following parameter estimates indicative of acceptable fit:
root mean square estimation of approximation (RMSEA) <0.050-0.080 (CI = 0.000-0.080),
comparative fit index (CFI) =0.90, and standardized root mean square residual (SRMR)
<0.08 [31]. All LGCM analyses were conducted by using Mplus software (base program),
version 7.0.

As reported previously [27], this sample had an average age of approximately 44 years (SD
= 9.70); was predominantly female (82%), menopausal (54%), and White (92%); and had
been ill for an average of slightly more than six years. Less than half (40%) were employed
part- or full-time. Most (73%) were taking antidepressants, some (31%) were taking
sedatives (narcotic analgesics, benzodiazepines), and nearly half (47%) denied alcohol use.
None used tobacco products.

of Lymphocyte Subsets and Clinical Outcomes

Table 1 shows the average percentages of the lymphocyte and the clinical status variables at
each study visit.

CD3-CD16+—For this lymphocyte, a linear LGCM provided an acceptable fit with the
data, with x? (41) = 62.40, p= 0.02, RMSEA = 0.079 (0.034-0.117), CFI = 0.90, and
SRMR = 0.04. Significant variability was evident around the mean intercept value of this
lymphocyte (est=9.67, SE = 3.34, p=0.004), but no significant change was noted in the
slope value across time (est=-2.43, SE=1.28, p=0.06). None of the clinical status
measures were significant predictors of immune status until Time 4 (18 months), when CFS
symptoms (est= 0.16, SE=0.07, p=0.03) and physical functioning (est=0.04, SE=0.02,
p = 0.05) both exhibited small effect sizes that were significantly and positively correlated
with the percentage of CD3-CD16+. These results indicated that over time, worse CFS
symptoms and better physical functioning were both associated with higher percentages of
CD3-CD16+. Figure 1 depicts a LGCM of the longitudinal associations between CD3-
CD16+ and physical functioning.
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CD3-CD56+—For this lymphocyte, a linear LGCM provided a good fit with the data, with
x? (41) = 45.36, p = 0.30, RMSEA = 0.036 (0.000-0.086), CFI = 0.97, and SRMR = 0.04.
Significant variability was evident around the mean intercept value for this lymphocyte (est
=5.58, SE=1.78, p=0.002), but no significant change was noted in the slope value (est=
-1.21, SE=0.98, p=0.22). Neither CFS symptoms (est=-0.04-0.13, SE=0.07-0.10, p=
0.16-0.71) nor vitality (est=—0.02-0.14, SE = 0.08-0.09, p = 0.13-0.83) were significant
predictors of CD3-CD56+. Physical functioning was significantly and positively correlated
with the percentage of CD3-CD56+, but only at Time 4 (est= 0.04, SE=0.02, p=0.04) and
this effect size was small. This result indicates that patients with higher levels of physical
functioning also had higher percentages of CD3-CD56+ at 18 months.

CD4+CD45RA+—For this lymphocyte, a quadratic LGCM provided a better fit for the
change pattern than did a linear LGCM. The quadratic model was a good fit with the data,
with 2 (40) = 49.15, p=0.15, RMSEA = 0.052 (0.000- 0.097), CFI = 0.97, and SRMR =
0.08. The lymphocyte percentage at the intercept value (est= 26.57, SE=4.47, p< 0.001)
revealed significant variability around the mean. Over time, the slope value was not
significant for linear (est=-7.44, SE=5.69, p= 0.19) or quadratic slope (est=2.41, SE=
1.53, p=0.12). The covariance between the quadratic slope and intercept was positive and
significant (est=2.64, SE=1.30, p=0.04), indicating that a higher initial percentage of
CD4+CD45RA+ predicted a larger percentage increase over time. At Time 4 only, CFS
symptoms and physical functioning were both negatively correlated with the percentage of
CD4+CD45RA+, suggesting that more severe CFS symptoms (est=-0.20, SE=0.08, p=
0.01) as well as better physical functioning (est= —-0.05, SE=0.02, p=0.01) were both
associated with lower percentages of this lymphocyte. Again, this effect was only found at
Time 4, and the effect size was small.

Discussion

The goal of the current study was to discover correlations among lymphocyte cell surface
markers and clinical outcomes associated with CFS (i.e., fatigue symptoms, physical
functioning, and vitality) over an 18-month time period. This study of 100 people with
chronic fatigue who we previously reported as showing improvements in vitality and
physical functioning over time [27], showed no significant changes in the percentage of
lymphocyte expression markers over the 18 months. This was reflected in the non-significant
slope values from the LGCMs. Consistent with our hypothesis, we found that higher
percentages of naive T cells and lower percentages of NK cells were associated with worse
physical functioning at 18 months. However, contrary to our hypothesis, we also found that
higher percentages of NK cells (CD3-CD16+) and lower percentages of naive T cells were
associated with fewer CFS symptoms at 18 months, but not at any other time.

The association of higher percentages of NK cells with better physical functioning and less
severe CFS symptoms at the 18-month follow-up appears to be consistent with findings from
other studies, in which healthy controls had higher levels of NK cells than did CFS patients
[15-18, 32]. However, we also found some contradictory associations between
immunological parameters and clinical outcomes. In our study, higher levels of the NK cell
subtypes CD3-CD16+ and CD4+CD45 RA+ were associated with worse physical
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functioning and worse CFS symptoms, whereas several other studies have reported that
lower levels of NK cells were associated with worse CFS symptoms and physical
functioning [5-6].

Explaining Contradictory Findings

Several different explanations are possible for these contradictory results. First, our study
only measured the percentages of the lymphocyte cell surface marker expression, as opposed
to measuring functional activity among these markers. Therefore, it is possible that there are
functional changes occurring within the immune cells that are not necessarily reflected by
the expression of cell surface markers [10, 12, 15]. For example, NK cells are cytotoxic, and
their ability to perform cell lyses does not necessarily correlate with the percentage or total
count of cell surface makers, particularly in patients with CFS [10, 12, 15, 32]. In the current
study if we had conducted molecular assays that more specifically measured functional
activity and changes within the NK cells then perhaps we would have uncovered some
informative relationships between cell function and clinical outcomes. Thus, our broader
measure of cell surface expression may not have been intricate enough to detect a clear
relationship among CFS symptoms and clinical outcomes.

Second, it is possible that strong relationships between immunological parameters and
clinical outcomes simply do not exist in patients with CFS, despite findings from some older
studies [32-33]. Although studies have supported the association of immunological
parameters with CFS symptoms [19-20, 29], others show inconsistent associations with
changes in immunological parameters that predict CFS symptoms [5, 34-36]. The estimates
from our LGCMs were small in absolute value, suggesting weak correlations between
immunological parameters and clinical outcome measures. However, given our small sample
of 100 patients, these results should be interpreted with caution and ideally replicated with a
larger sample size. We did not include a control group in the current study because the focus
was to better understand how immune cell changes occur in patients with CFS over time, as
well as how these changes may correlate with changes in clinical outcome status (e.g., non-
CFS or CFS status). Regardless, including a control group of healthy individuals without
CFS may have provided some clarity on how immune cells may change and compare across
time.

Third, method variance might account for the contradictory results. Cellular and self-
reported clinical and functional status measures vary in terms of the level of objectivity or
subjectivity, and also focus on different levels of analysis. Cellular measures are objective,
specific and at a fine-grained level, whereas self-report measures are subjective and broader
in scope.

Relationships between immunological and clinical variables

Overall, the existing body of research might indicate that the relationship between
immunological parameters and clinical outcomes is complex and is likely influenced by
many factors. For example, the length of time that a person experiences CFS symptoms may
partially account for differences in lymphocyte cell counts and functions. That is,
lymphocyte counts could vary considerably across time depending on how long the patient
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has reported symptoms (or depending on how long the patient has been diagnosed with CFS)
compared to when the lymphocytes are actually measured from a blood sample. For this
reason, attempting to uncover a relationship among lymphocyte counts and/or activity and
CFS symptoms could be difficult given the potential fluctuation in the immune system
physiology. In the current study, the patients all differed in terms of the number of years
(average was 6.16 years +/- 4.05) since they were first diagnosed with CFS, and thus, there
could have been much variability in the immune cell counts, which may have made it
difficult to detect a clear relationship to clinical outcomes.

There are also other physiological biomarkers such as cytokines, chemokines, and other
lymphocyte cell surface markers that we did not measure in the current study, but have been
found to be significant predictors of CFS in previous studies. For example, Brenu and
colleagues [12] have conducted multiple biomarker studies with CFS patients and have
reported increased anti-inflammatory cytokines (i.e., IL-10) and the pro-inflammatory
cytokines (i.e., TNF-alpha and IFN-gamma), which may also influence the cytotoxic ability
of the NK cells, as the surface markers Granzyme A and B and Perforin are responsible for
cytotoxicity and can fluctuate in patients with CFS [12, 13, 15, 37]. Other researchers have
reported increased expression of the CD69 marker and decreased expression of the CD25
surface marker in patients with CFS [10], which our study did not measure. Instead we
examined a panel of markers including: CD2, CD8, CD4, CD20, CD16+/-, CD56+/-,
CD45RO/RA, but found only slight changes in the CD3-CD16+, CD3-CD56+, and
CD4+CD45 RA+ that are presented here. Although our panel of surface markers was broad,
perhaps we omitted a few other markers such as the CD69, CD25, or CD11b that have been
found to be significantly associated with CFS outcomes in other studies.

Perhaps, the relationship among CFS and immune function might be mediated by
psychological variables, such as depression, mood dysfunction, or by other health
comorbidities such as a viral infection, chronic pain, or gut dysfunction, as several studies
support a psychological or emotion component to CFS [39-43, 10, 33]. Depression in the
current study was not common among our participants as only 4% of the sample had
reported being diagnosed with depression [27]. Thus, we could not examine depression as a
variable in our data analysis. However, future studies may benefit from examining how such
variables may mediate the relationship between immune cells and clinical outcomes.
Further, CFS is also a complex and multisystem condition where other biological systems
such as the cardiovascular and gastrointestinal systems are likely affected. Therefore, future
studies could examine how disruptions and functional changes within these systems might
be contributing to the symptoms and health outcomes of CFS.

Despite the apparent inconsistency of some of our findings with those of other studies, the
present work is in agreement with a few other studies supporting weak correlations among
immune cell counts/function and clinical outcomes in patients with CFS [5, 34]. Further, our
results add to the very limited number of longitudinal studies of immune variables in CFS
[15, 26]. In addition, our use of the LGCM enabled us to study simultaneous change in
variables over time while allowing for individual variability within the sample as well as for
the influence of other variables on the outcome variable. With this approach, we could
directly examine changes in lymphocytes over time while assessing how these changes were
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influenced by CFS symptoms and physical functioning. LGCMs are usually conducted with
larger datasets with at least 300 or more participants, thus although appropriate for the type
of data, our smaller sample of 100 may not have been enough to detect more significant
changes with larger effects. Further, we do show that there are some changes among the
lymphocyte cell markers, but these changes are small and they do not significantly reflect
changes in clinical outcomes.

In conclusion, this study sought to characterize the association of immune function and
clinical outcomes over time in a patient sample with fatigue of long duration. We found
insignificant change over time in lymphocyte markers, and the changes that were observed
were not strongly predictive of changes in clinical outcomes. More research is needed to
understand the role of immunological variables in CFS symptoms. Ideally, future
longitudinal studies might benefit from using functional lymphocyte molecular assays to
examine how lymphocyte activity changes across time as symptoms first appear and then
progress and/or improve across time. Such studies may offer meaningful and consistent
patterns of immune cells changes that could be correlated with CFS symptoms and
outcomes.
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Figurel.
Diagram of the latent growth curve model of CD3-CD16+ and physical functioning over

time (*p < .05)
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Mean and standard deviation for the clinical and lymphocyte variables over time

Table 1.

Resear ch Appointments

Variable Index vist 6months 12months 18 months
CFS symptoms @® @y 66 (60
SF-36 Vitality &21?2) (ig:ig) (ig:g% (igég)
SF-36 Physical Functioning éggg) (331(%) (ggég) (gggg)
CD3-CD16+ (%) (gézzl) (;:gg) (ngé) (g:g?)
CD3-CDS6+ (%) (‘3‘135) (21(3)3) (45122?1) (i:gg)
CD4+CD45 RA+ (%) (18?.7739) (189.'02233 (1798077) (17?.7481)
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