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Abstract.
BACKGROUND: The search for a biomarker specific for Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS)
has been long, arduous and, to date, unsuccessful. Researchers need to consider their expenditures on each new candidate
biomarker. In a previous study of antibody-dependent cell-mediated cytotoxicity (ADCC) by natural killer lymphocytes, we
found lower ADCC for ME/CFS patients vs. unrelated donors but ruled against low ADCC as a biomarker because of similar
ADCC for patients vs. their family members without ME/CFS.
OBJECTIVE: We applied inclusion of family members without ME/CFS, from families with multiple CFS patients, as a
second non-ME/CFS control group in order to re-examine inflammation in ME/CFS.
METHOD: Total and CD16A-positive ‘non-classical’ anti-inflammatory monocytes were monitored.
RESULTS: Non-classical monocytes were elevated for patients vs. unrelated healthy donors but these differences were
insignificant between patients vs. unaffected family members.
CONCLUSIONS: Inclusion of family members ruled against biomarker considerations for the monocytes characterized.
These pilot findings for the non-classical monocytes are novel in the field of ME/CFS. We recommend that occupational
therapists advocate and explain to family members without ME/CFS the need for the family members’ participation as a second
set of controls in pilot studies to rapidly eliminate false biomarkers, optimize patient participation, and save researchers’
labor.
Keywords: Myalgic Encephalomyelitis, Chronic Fatigue Syndrome, ADCC, antibody-dependent cell-mediated cytotoxicity,
non-classical monocytes, biomarker
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Abbreviations
ADCC
CD16A

CFS
ME
NK
PBMC
UHC

antibody-dependent cell-mediated
cytotoxicity
cluster of differentiation protein 16A,
the IgG Fc-receptor of monocytes and
NK cells
Chronic Fatigue Syndrome
Myalgic Encephalomyelitis
natural killer lymphocyte
peripheral blood mononuclear cells
unrelated healthy control subject

1. Introduction
Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) is a disease that still lacks unique
diagnostic biomarkers or characterization of its
underlying mechanisms of pathology. ME/CFS is
distinguished by debilitating symptoms that are commonly shared among the patients and affects as many
as 2.5 million adults in the USA [1]. The symptoms
include: severe fatigue lasting more than 6 months;
long-lasting post-exertional malaise; un-refreshing
sleep; ‘brain fog’ in the form of lapsed memory or
lessened ability to think; chronic muscle pain; and
enlarged lymph nodes [2], with exclusion of patients
with other conditions associated with fatigue such
as anemia, cancer or severe depression. In Canada,
a 2010 survey using broader criteria indicated that
1.3% of the adult population reported fatigue of over
6 months duration with 0.3% reporting positive for
combined CFS and fibromyalgia [3]. There are no
known causes in most cases of ME/CFS; however,
long-term ME/CFS-like pathology may follow severe
viral or bacterial infections [4]. ME/CFS has major
costs to society [5]. Afflicted individuals would benefit from the discovery of definitive disease-specific
biomarkers and these biomarkers are likely to support
greater understanding of disease-promoting mechanisms.
To the best of our knowledge, this report is the
first to extend the study of ME/CFS to families
with multiple ME/CFS patients since the landmark
study of natural killer (NK) cells in CFS by Dr. Paul
Levine et al. in 1998 [6]. The Levine study compared CFS patients vs. multiple first degree family
members to investigate the potential role for low
NK cell activity in CFS. Several studies have compared twins, monozygotic vs. dizygotic twins, with

one or both twins afflicted with ME/CFS [22—25],
with the focus on etiology and genetic risk factors
rather than biomarkers. Here we underscore the value
of family members without ME/CFS as a separate
group of controls (in addition to unrelated healthy
controls). Family members have close genetic backgrounds and often similar lifestyles to the patients,
and can optimize discovery of specific biomarkers
by serving as maximally matched controls. In this
report, we searched for a biomarker using 3 families
each with 2 ME/CFS patients. The idea was to screen
for a new biomarker of infection and/or inflammation
that would be worthy of additional research.
Consideration of unique infections with associated
biomarkers of the inflammatory etiology began when
ME/CFS was first recognized in 1984 in a regional
cluster of patients [7]. Several viruses have been
proposed to promote chronic immune responses in
ME/CFS, including persistent herpes viruses such as
Epstein Barr virus [8–10], human cytomegalovirus
[11], herpes zoster [12], and human herpes virus
6 [13–15]. The fatigue of ME/CFS resembles the
fatigue induced during initial viral infections [16, 17].
Gamma interferon, elevated during viral infections, is
also elevated in the blood of patients with severe CFS
[18]. However, attempts to find unique or re-activated
viral infections that are associated with ME/CFS have
been unsuccessful [19, 20].
Here we focused on properties of monocytes
as inflammatory biomarkers or risk factors for
ME/CFS. Circulating blood monocytes can be elevated in numbers during infections [21]. Their
phenotype varies extensively among human subjects [22]. They are polarized [23] towards either a
pro-inflammatory ‘classical’ group defined by their
CD14-positive CD16-negative phenotype or an antiinflammatory ‘non-classical’ group of monocytes
defined by their CD14negative CD16positive phenotype. The non-classical group promotes tissue repair
[24–27] and includes the precursors of ‘patrolling’
tissue macrophages [28] that are found in inflamed
tissues. There is recent recognition of a third group of
‘intermediate’ CD14low CD16Apositive monocytes
with distinct pro- and anti-inflammatory properties
[29, 30]. In this study, the intermediate group is
included within the non-classical group. The potential for alterations of monocyte polarity prompted
us to evaluate blood monocyte cell counts and their
polarization as a potential biomarkers for ME/CFS.
We postulated that higher monocyte numbers or an
imbalance in classical vs. non-classical monocytes
would be biomarkers or risk factors for ME/CFS, test-
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ing if any alterations from normal controls would also
apply to the family members without ME/CFS.
This pilot study focused on the ‘non-classical’
group of CD16A (IgG Fc-gamma receptor)-positive
monocytes. We observed elevation of the nonclassical monocytes in patients vs. unrelated donors
(P < 0.05) but this difference is unsuitable as a
biomarker because there was little difference between
patients compared to their non-ME/CFS family
members. The results underscore the value of the
unaffected family members to prevent false positive
conclusions concerning biomarkers.
There is additional value to inclusion of family
members without ME/CFS as a control group because
they can help identify risks for ME/CFS. We found
a modest elevation of non-classical monocytes for
the family members, and these results may imply
that monocytes within the non-classical subset could
influence the likelihood of disease. We also found
merit for inclusion of unaffected family members in a
pilot study of antibody-dependent (ADCC) mediated
by NK cells in ME/CFS (manuscript in preparation).
The inclusion of unaffected family indicated that low
ADCC is unsuitable as a biomarker for ME/CFS but
could be a risk factor for ME/CFS. In summary, in
this report we present data on monocytes to support inclusion of family members without ME/CFS
as a means to promote discovery of biomarkers for
ME/CFS. Occupational therapists have unique opportunities to advocate to the medical community and to
explain to family members the need for inclusion of
non-ME/CFS first degree family members as critical
controls.

2. Methods
2.1. CFS patients, family members and
unrelated healthy donors
Families, each with 2 ME/CFS patients at the
Bateman Horne Center in Salt Lake City, UT,
were selected by Dr. Lucinda Bateman and her
research team from among many families afflicted
with ME/CFS. Selection was for families with two
(or more) patients and with multiple siblings (see
pedigrees, Fig. 1), with the initial idea of finding
biomarkers that would always (and even exclusively)
occur in the patients. Further selection was based on
the availability of the donors. The three families for
which we have monocyte data had a total of 6 CFS
patients and one family had two generations with
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Fig. 1. ME/CFS family pedigrees. The pedigrees of the 3 ME/CFS
families are illustrated with dark gray fill for deceased parents, red
fill for the ME/CFS patients and unfilled symbols for the family
members without ME/CFS. Circles indicate women and squares
men.

CFS patients. The CFS patients met both the Fukuda
CDC 1994 diagnostic criteria for CFS [2] and the
international consensus criteria of 2011 for ME/CFS
[31]. Seventeen family members without ME/CFS
participated. Table 1 provides summary information
to indicate the average age and gender balance among
the 3 groups of patients, family members without
ME/CFS, and the unrelated healthy controls. All participants were Caucasian and the unrelated healthy
controls were age- and sex- matched with the patients.
Initial selection of the families was based on family
members’ willingness to participate and their availability to donate blood on the same day as the patients.
Disease characterization for each of the patients participating in the study, including symptoms of the
Fukuda criteria and the duration of disease, is presented in Table 2A. Table 2B provides comparative
information for the non-CFS family members. The
incidences for other conditions for patients vs. nonME/CFS family members were: 3/6 vs. 0/10 for
autoimmune diseases; 1/6 vs.1/10 for cancer; and
3/6 vs.4/10 for self-reported depression. Additional
information concerning the patients’ characteristics
may be obtained from Dr. Bateman upon request. Sixteen sex, race-, and age- matched unrelated healthy
control donors, living in Salt Lake City, participated.
Healthy was defined as HIV-negative, without overt
infections at the time of blood donation, and without
diagnosis of CFS. Blood samples were coded. The
evaluations of monocytes were run with coded samples. The research with human subjects was approved
by institutional review boards (IRBs) for the University of Nevada, Reno School of Medicine and for
the Bateman Horne Center. Written informed consent
was obtained from the donors of the blood samples.
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Table 1
Characteristics of the three study populations

Characteristic
Number of participants
Number of families
Age, mean+/- SD
Sex
Female
Male

CFS cases
6
3
49.0 + /- 30.1
Number
4
2

Family members w/o CFS
17

%
66.7
33.3

3
48.1 + /- 14.2
Number
11
6

2.2. Collection of blood and preparation of
peripheral blood mononuclear cells
(PBMCs) for overnight culture before
characterization of CD16A-positive cells
Entire families, or groups of members of the larger
families, with inclusion of 1 or 2 unrelated healthy
controls were drawn on the same day. Blood was
drawn from the subjects in Salt Lake City between
8-10 AM; 8 ml into tubes for DNA isolation and
24 ml into heparinized tubes for cell preparation. For
each family, two ME/CFS patients, and one (or two)
family members and one (or two) unrelated healthy
controls were included within a shipment of samples that was assessed as one experiment. Samples
from additional family members and unrelated controls were sent in shipments representing 3-6 donors
per shipment. Researchers at UNR were unaware
which shipments had ME/CFS donors. The samples were coded and shipped overnight to Reno, NV,
and the samples remained coded until the cellular
analyses were completed. Plasma was collected at
UNR from centrifuged whole blood and phosphatebuffered saline was added to the cells to replace the
plasma volume. Then the PBMCs were isolated by
their ficoll-hypaque density [32]. The PBMCs were
cultured overnight at 1-2 x 106 cells/ml in assay
media containing 90% Dulbecco’ s complete media
containing high (4.5 g/L) glucose and L-glutamine
(Corning), 10% fetal calf serum (Atlanta Biologicals), 10 mM hepes, and 1% penicillin-streptomycin
(Sigma-Aldrich, St. Louis, MO). Culture conditions
were standardized with one lot of (frozen) fetal calf
serum and one lot of 75 mm tissue culture flasks (Biolite, Thermo Scientific) throughout the experiments.
2.3. TruCounts® of monocytes/μl blood
Fifty l aliquots of whole blood were labeled on
the days of arrival with the following panel of antibodies designed for no-wash TruCount® analyses that

%
64.7
35.3

Unrelated healthy controls
16
16
42.8 + /- 18.6
Number
12
4

%
75.0
25.0

included: PacBlue anti-CD45 for identification of all
cells (clone HI30); PE-Cy7-anti-CD3e for T cells
(clone UCHT1); PE-Cy7-anti-CD33 for monocytes
(P67.6). Antibodies were purchased from BioLegend
(San Diego, CA). Cells were labeled for 30 minutes
in tubes with TruCount® beads (Becton Dickenson
no. 340334 [33]), fixed, and analyzed by flow cytometry the same day. The flow cytometer was a BD LSR
II analytical flow cytometer (a modified Biosciences
Special Order Research Product) with a high throughput sampler unit. Analyses were made with FlowJo
software (FlowJo, LLC, Ashland, OR) to determine
the numbers of CD33pos cells and TruCount® beads
used calculate the number of CD33pos monocytes
per l blood [34].
2.4. Assessment of non-classical monocytes by
analytical ﬂow cytometry
After overnight culture, PBMCs were stained with
a panel that included Pac-Blue anti-CD45 (clone
HI30) to detect all the leukocytes, FITC-anti-CD3
(UCHT1) to detect T cells & FITC anti-CD91 (2MRalpha; BD Biosciences) to detect monocytes, and
AF647-anti-CD16A (clone 3G8) to detect the nonclassical CD16Apos monocytes. Cells were fixed
and washed twice to remove unbound antibodies
before analysis. Total monocytes were defined by
their CD91-positive, high side scatter area (SSC-A)
status.
2.5. Efforts to limit intra-experimental variation
These experiments were conducted between
November 19, 2015 and January 26, 2017. Inclusion
of family members, ME/CFS patients and unrelated
healthy controls in a single experiments with 4–6
donors reduced the total number of experiments and
helped to limit inter-experimental variations. We also
used only single lots of fluor-tagged antibodies to
promote consistency.

by Fisher exact test. ␤ P = 0.07 by Chi square. a BHC data from patient records. b Rand36 questionnaire [53]. c The Canadian Consensus Criteria defines Post-Exertional Malaise (PEM)
as an inappropriate loss of physical and mental stamina, rapid muscular and cognitive fatigability, post-exertional malaise and/or fatigue and/or pain and a tendency for other associated symptoms
within the patient’s cluster of symptoms to worsen. There is a pathologically slow recovery period-usually 24 hours or longer. Please answer the following questions to describe how you experience
PEM. d Fibromyalgia Impact Questionnaire [54]. e Age at time of blood donation. f Difficulty lifting or carrying groceries. 1, Yes, limited a lot; 2, Yes, limited a little; 3, No, not limited at all.
g Climbing one flight of stairs. 1, Yes, limited a lot; 2, Yes, limited a little; 3, No, not limited at all. h Walking one block. 1, Yes, limited a lot; 2, Yes, limited a little; 3, No, not limited at all.
i Duration. How long does it take you to recover from PEM? 1, minutes after exertion; 2, hours after exertion; 3, a day or more after exertion; 4, not at all. j Please rate the quality of your sleep.
Slider scale, 0-100: Awoke well rested vs. Awoke very tired. k Please rate your level of memory problems. Slider scale, 0 -100: Good memory vs. Very poor memory. l Please rate your level of pain.
Slider scale, 0 -100: No pain vs. Unbearable pain.
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␣ P < 0.05
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2.6. Statistical analyses
Student’s t-tests assuming equal variances that
were included in the Microsoft Excel data analysis
tool pack were used to compare the different groups of
subjects when the variables were quantitative. When
the variables were yes/no as for clinically diagnosed
headaches or fibromyalgia (Table 2), chi-square with
Yates correction and Fisher’s exact tests were applied,
using software at www.socscistatistics.com. Excel
and GraphPad Prism 7 (San Diego, CA) were used
for illustrations.

3. Results
3.1. Figure 2 indicates how inclusion of family
members without ME/CFS can promote
detection of a valid diagnostic biomarker
vs. a risk factor for disease
Figure 2A illustrates expected results that would
qualify a diagnostic biomarker for further consideration. A definitive diagnostic biomarker must be
positive for patients and negative for all unaffected
persons, including family members. Differences
between only the patients and the unrelated healthy
controls are necessary (but insufficient) to indicate
a definitive biomarker. Figure 2B illustrates differences between patients vs. unrelated healthy controls
that would lead to erroneous conclusions if the data
also showed little difference between patients vs. family members but were excluded from consideration. If
only the patients and unrelated controls are compared,
and the comparable low values for family members
ignored, the results could be misinterpreted as evidence for a diagnostic biomarker. The similarity of
diseased and non-diseased family members is telling!
There is no disease-specific biomarker in Fig. 2B.
When both the patients and family members differ
from the unrelated controls as illustrated in Fig. 2B,
the measurements can reflect a risk factor. This risk
factor could be due to Mendelian genetics, epigenetics or environmental factors. A good example
of diagnostic biomarker vs. risk factor discrimination occurs with type 1A autoimmune diabetes [35]:
lack of insulin is a diagnostic biomarker while autoantibodies to pancreatic proteins are risk factors. The
autoantibodies can be found in individuals who may
never progress to disease, including family members
who share genetic risk factors with the patients.

3.2. ME/CFS patients, their family members,
and unrelated healthy donors had similar
blood total monocyte counts
Figure 3A illustrates similarity in the circulating
blood monocytes among the patients, their family members without ME/CFS, and the unrelated
healthy controls. These monocyte counts are within
the normal range of 250–840 cells/ul [36] and below
the levels elevated in sepsis [37]. Figure 3B indicates the flow cytometric approach used to count the
TrucountR calibration beads and the monocytes. The
beads indicated the blood volume that was sampled
and the method prevented inaccuracies associated
with variable cell losses if the blood cells had been
washed to remove unbound antibodies. The monocyte counts are consistent with absence of major
pathological bacterial infections in all the subjects.
3.3. ME/CFS patients and unrelated controls
differed signiﬁcantly in their percentages of
CD16Apositive “non-classical” monocytes
The percentage of non-classical monocytes was
55% higher for the CFS patients than for their
unrelated controls (Fig. 4A) and the difference was
statistically significant, P < 0.05. Thus there was evidence for non-classical monocyte polarization. In
contrast to the patients vs. the unrelated controls, there
was no significant difference between the patients
vs. the unaffected family members (P = 0.51) and the
percentage of non-classical monocytes for the family members was intermediate between those of the
patients and the unrelated controls. The lack of a
significant difference between the patients vs. their
family members rules against diagnostic biomarker
potential for non-classical monocytes, as indicated
in the guide Fig. 2B. When the family members
were combined into one group to evaluate potential
for familial association and/or risk (Fig. 4A, purple
bar), the P was 0.04, indicating that there may be
shared genetic or environmental factors that distinguish ME/CFS families from unrelated controls.
3.4. There is an additional way to utilize data
from unaffected family members
Their data can be pooled with that of the unrelated controls to form a single, larger control group
of individuals without ME/CFS. In the case of the
percentage of non-classical monocytes, with this
combination there were 27 subjects to compare vs. the
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Fig. 2. A guide for detection of diagnostic biomarkers vs. risk factors when there is inclusion of unaffected family members as a second group
of controls. Asterisks indicate expected statistically significant differences, with P < 0.05. A. Expected data consistent with potential as a
biomarker. The differences between patients vs. the first degree relatives without ME/CFS must be significant, as are the differences between
patients vs. matched unrelated healthy controls. B. Expected data eliminating consideration as a disease-specific biomarker but consistent
with potential as a risk factor. To be a strong candidate as a risk factor, the differences between patients and the first degree relatives can
be marginal (as indicated) or in the same direction (higher or lower than unrelated controls). The differences between all family members
(patients plus unaffected family members) vs. unrelated healthy controls should be significant.

Fig. 3. Monocyte blood counts of ME/CFS patients are similar to counts of their family members without ME/CFS and to the counts of
unrelated healthy controls. A. Monocytes per ul of blood; average and SD values for families #3, 10 & 28, 16 unaffected family members
and 16 unrelated healthy controls. B. Flow cytometric methodology with TruCountR beads for the monocyte blood counts. The blood cells
were labeled with a panel of antibodies in tubes containing TruCountR beads, and the cells were analyzed without washing in order to avoid
selective cell losses that can be caused by washes to remove unbound antibodies. Each sequential step of cell gating, that was used to detect
the beads and the CD33positive & high side scatter monocytes, is indicated by letters with arrows to indicate the cells selected for each
sequential gate. The monocytes are circled in dashed red in step E.
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Fig. 4. The percentages of non-classical (CD16Apositive) monocytes vs. unrelated healthy controls contra-indicate biomarker potential, but
could reflect a disease risk factor. A. Percentages of the non-classical group of total monocytes; average and SD values for ME/CFS patients
from families #3 & 28, with their unaffected family members and unrelated healthy controls. Even with low sample sizes of 4 ME/CFS
patients and 11 unrelated healthy controls with flow cytometric data for monocytes, the difference between the patients vs. the unrelated
controls was statistically significant. It was the similarity of the patients vs. their 14 family members that countered biomarker potential.
B. Non-classical monocytes were detected by their CD16A expression (dashed circle, panel E). The cells were cultured overnight and then
stained with a panel of fluorescent antibodies and washed. FITC anti-CD3 and anti-CD91 mAb’s were used for multiplex staining of T cells
and monocytes, respectively. The monocytes are distinguished by their CD91staining & side scatter and are circled in dashed pink.

ME/CFS patients, with means of 28.2% and 36.5%,
respectively. The P value was 0.19, also consistent
with a low probability of non-classical monocytes
being a diagnostic biomarker for ME/SFS. The 95%
confidence ranges overlapped extensively: 21-53%
for the CFS patients and 23-33% for all the unaffected
donors. This combination increased the statistical
power of the control group, but still may have left
an under-powered clinical group in this pilot study.

the unaffected family members meant that relatively
few ME/CFS patients were needed to donate blood
and that the non-classical monocytes could be distinguished as a potential risk factor rather than a strong
candidate for a diagnostic biomarker.

4. Discussion

While the monocyte counts were similar, the
groups within the monocytes differed. Similarities
in monocyte cell counts have been reported previously for the severe ME/CFS patient CD14-positive
blood monocyte counts [38] and the % CD14-positive
monocytes within PBMCs of patients with CFS
[39]. The similarities are consistent with an absence
of gross infections in the patients. These classical monocytes have the CD14 receptor for bacterial
lipopolysaccharides (LPS) [40] and can respond by
secreting pro-inflammatory cytokines such as the
fever-inducing cytokines TNF␣ and IL-1 [41]. The

4.1. This pilot report presents data evaluating
inﬂammatory parameters of monocytes in
ME/CFS
The results indicated that blood monocyte counts
and the percentage of non-classical monocytes are
unsuitable as biomarkers to diagnose ME/CFS. It
was the lack of differences between the patients vs.
their first degree family members without ME/CFS
that was critical for these findings. The inclusion of

4.2. The ﬁndings concerning monocytes indicate
that a more reﬁned study of inﬂammatory
monocytes within the non-classical subset
could be worthwhile
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discovery of monocytes lacking CD14 led to the
initial designation of non-classical CD16A-positive
monocytes [42]. These CD16Apos monocytes are
elevated in sepsis [21, 43]. These designations have
now been updated (reviewed, [44] with additional
subsets that are defined by their receptors and the different cytokines they secrete. These cytokines include
TGF␤ that is increased in ME/CFS [45] and associated with the severest forms of ME/CSF [18]. The
CD16A-positive non-classical & intermediate monocytes are both considered as valuable markers for
risks of coronary heart disease [46]. Both may be
useful as indicative risk factors for ME/CFS or to distinguish patient subgroups within ME/CFS patients.
4.3. This study of ME/CFS has several
limitations and a potential advantage
One limitation is that the patients had moderate
disease symptoms and none had extremely severe
ME/CFS that leaves patients chronically bed-ridden.
Another limitation is that these patients were only of
northern European ancestry. As a result, the increases
in CD16A-positive monocytes may not extend to all
geographic or ethnic groups of CFS patients. We studied only 3 families in this pilot study so that type 2
errors are also possible due to under-powered patient
numbers. Also, the families we studied here had two
ME/CFS patients per family and the value of the unaffected family controls may be less when there is only
one ME/CFS patient per family. The frequency of
patients per family may have been an advantage. It
is noteworthy that family associations are receiving
attention as a new means to identify previously unrecognized potential risk factors for chronic diseases
[47].
4.4. Even with these limitations, inclusion of
family members without disease has
advantages for the screening of diagnostic
biomarkers
Comparison of patients vs. family members without the specific disease offers researchers the ability
to “cut to the chase” faster by early detection of
false positive problems. In terms of stringency, if a
biomarker fails to differentiate between the patients
vs. their unaffected family members and fails in one
homogenous group, it lacks universal applicability
and fails. We recommend inclusion of unaffected
family members regardless of whether the biomarkers
being evaluated are autoantibodies [48], brain lesions
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[49] or intestinal microbial populations [50]. Occupational therapists, with their many hours spent with
patients and family members, are in a unique position
to explain to non-ME/CFS first degree family members the need for their inclusion as critical controls
and the value of their time spent answering questionnaires and donating blood.
4.5. Continuation of research to discover
biomarkers for ME/CFS is extremely
important for both patients and clinicians
A definitive biomarker would help both patients
who are sometimes dismissed as having psychosomatic illnesses [1] and their doctors who struggle to
treat the debilitating symptoms. The National Institutes of Health (USA) is actively pursuing diagnostic
biomarkers and causes of the disease symptoms [51].
Clinical research is difficult because of the large sample sizes that are usually needed to achieve valid
conclusions [52] and thus investigators have to make
difficult decisions as to which hypotheses they will
test. In summary, this report provides general guidance to future biomarker studies to include unaffected
family members as a separate control group whenever
ethically possible.
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