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Abstract

The choice of appropriate control group(s) is critical in cerebrospinal fluid (CSF) biomarker research in multiple sclerosis
(MS). There is a lack of definitions and nomenclature of different control groups and a rationalized application of different
control groups. We here propose consensus definitions and nomenclature for the following groups: healthy controls
(HCs), spinal anesthesia subjects (SASs), inflammatory neurological disease controls (INDCs), peripheral inflammatory
neurological disease controls (PINDCs), non-inflammatory neurological controls (NINDCs), symptomatic controls
(SCs). Furthermore, we discuss the application of these control groups in specific study designs, such as for diagnostic
biomarker studies, prognostic biomarker studies and therapeutic response studies. Application of these uniform
definitions will lead to better comparability of biomarker studies and optimal use of available resources. This will lead to

improved quality of CSF biomarker research in MS and related disorders.
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Introduction

The choice of right control group(s) is an important issue
for every clinical study and therefore also critical in cere-
brospinal fluid (CSF) biomarker research. Since study out-
comes are almost inevitably influenced by the characteristics
ofthe control groups, control groups should be well-defined
and be of sufficient size to enable adequate comparison
with the investigated disease group. However, control
groups are often not comparable between CSF biomarker
studies, having variable sizes and containing different syn-
dromes and disease entities. CSF from healthy individuals,
probably the ideal control group, is difficult to obtain for
various reasons. Consequently, CSF samples of completely
healthy persons are rare and disease controls are usually
applied in CSF biomarker studies. Ultimately, disease con-
trols are also clinically more relevant than healthy controls
(HCs). However, there is a lack of consistent and rational-
ized design of control groups for specific biomarker
research studies.

The fact that study outcomes can be influenced by the
choice of control groups is illustrated in recent literature. A
search of the literature on ‘cerebrospinal fluid’, ‘multiple
sclerosis (MS)’ and ‘control(s)’in 2010 and 2011 has shown
that out of 66 studies, only 10 studies included more than
one control group. The studies that included more than one
control group showed that biomarker levels can be different
among the several control groups. For example, neural cell
adhesion molecule (NCAM) levels were lower in meningi-
tis patients compared to HCs and MS patients, while levels
in viral encephalitis patients were higher than in every other
group.! Another example is that CSF CXCL13 levels are
higher in MS patients compared to several control groups,
including inflammatory controls, though not higher than in
patients with a viral and bacterial infection, as these were
extremely high.? These examples not only clearly illustrate
that biomarker concentrations can be extreme in a single
type of disease entity, but also show that merging of these
groups into one inflammatory control-group would have
led to different conclusions.

As already introduced, another problem is that different
definitions and names are used for control groups in the
biomarker literature. Most of the studies refer to the use of
‘non-inflammatory’ or ‘inflammatory’ disease controls, but
clear guidelines are not yet available as to how these are
characterized and selected.

To obtain comparable results between biomarker stud-
ies, clear consensus definitions are a prerequisite. In the
current paper, the BioMS-cu network has developed defini-
tions for control group stratification through several exten-
sive discussions within the network. As a start, we
established the current ‘state of the art’ of definitions used
for control groups and the disease entities or symptoms
included. We set out an inventory to generate detailed infor-
mation on these definitions and the characteristics of
healthy, inflammatory and non-inflammatory controls

among 12 laboratories of the BioMS-eu network. We dis-
covered that classifications are extremely diverse in terms
of condition labeling (from symptoms through syndromes
to diagnoses), and regarding categorization. For example,
for the control group named ‘healthy controls’, two out of
12 BioMS-cu centers included patients undergoing spinal
anesthesia for leg operations in this category, while two
other centers included strictly healthy volunteers within
this category. Yet other centers consider patients with sub-
jective complaints, often headache or vertigo, for whom no
clear explanation could be found after a clinically detailed
work-up, as ‘healthy controls’.

The consortium next elaborated, discussed and fine-
tuned the definitions which we will present below. The
definitions are based on both clinical and laboratory crite-
ria. The presence of these definitions will provide the
opportunity to intensify national and international collabo-
rations to obtain the appropriate material serving as con-
trols. Furthermore it will lead to more clear answers in
biomarker studies. The current paper provides not only the
consensus definitions and uniform nomenclature, but also
typical example-disorders for each suggested subgroup.
Next, we provide guidelines for uniform and rationalized
employment of one or several of these controls in the design
of CSF biomarker studies.

The recommendations focus on CSF biomarker studies,
as the difficulty of getting HCs is most clear for this body
fluid and therefore appropriate inclusion and interpretation
of alternative controls is important. However, the defini-
tions must be the same for biomarker studies using other
body fluids, such as blood, saliva, and urine. We started
our discussions using MS as a model disease. Nevertheless,
we realized that these recommendations will be applicable
in a variety of other neurological diseases, especially neu-
roinflammatory diseases, and will be a good basis for
development of recommendations for other disorders
related to MS. Consequently, MS is included in the tables
with typical examples.

Terminology and definitions of control
groups in CSF biomarker studies

Fundamental requirements

Basic CSF examination must be performed for every indi-
vidual, including immunoglobulin measurements and eval-
uations in the quotient diagram, albumin quotient (QAID),
i.e. the albumin CSF/serum ratio, and CSF/serum glucose
ratio.> We recommend use of QAIb rather than total CSF
protein in order to characterize protein content in CSF since
QAID analysis is more reliable (better coefficient of varia-
tion than total protein).? In addition, QAIb serves as refer-
ence measure for evaluation of systemic vs intrathecal
origin of candidate protein biomarkers in CSF, as it has no
intrathecal origin.*
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Demographic and clinical information, and the use of
medication for every control must be collected. This allows
us to exclude patient- or study-confounding effects on spe-
cific biomarkers under study, e.g. effects of anti-inflamma-
tory drugs on a inflammatory biomarker. If brain magnetic
resonance imaging (MRI) data could be available for con-
trols as well, confidence in the definition would increase.
However, an MRI is expensive and often confronted with
ethical constraints and it is not realistic for this to be con-
ducted for every possible control. Furthermore, it is impera-
tive that control samples are collected and stored under
similar conditions as the patient samples, i.e. in agreement
with published guidelines for CSF collection and biobank-
ing.’ This remark may be redundant, but applies if control
samples are remnant CSF from diagnostic procedures, or
taken during an operation (SAS group) and thereby col-
lected under different conditions than samples from the tar-
get disease population.

1. Healthy controls (HCs)

Clinical criteria: The HC are volunteers without spe-
cific medical complaints (also not recurrent and disa-
bling headache, back pain etc.) invited for research
purposes only. The HC individual is actively
approached and invited by the researcher, and lumbar
puncture is undertaken to obtain CSF for research in
the first place, not to exclude any unknown disease.
Patients with either focal or diffuse current or histori-
cal neurologic deficits, examined by a neurologist,
should be excluded. In the ideal situation, these per-
sons are clinically followed for 1-2 years to ensure
absence of pre-symptomatic neurological disease.
Laboratory criteria: Basic CSF analysis should be
normal including the laboratory criteria absence of
oligoclonal IgG bands (OCBs) and a normal QAIb to
exclude a preclinical neurological disease.

While the inclusion of this control group in studies
and number of individuals in this control group is
often restricted for obvious reasons, their inclusion
as controls is important to define whether a bio-
marker is related to central nervous system (CNS)
pathology anyway. In fact, pathogenic processes
within the CNS of other neurological diseases can
follow similar pathobiological mechanisms, in spite
of their underlying different causes, and thus a bio-
marker can be altered in any CNS disease and con-
sequently all possible disease control groups.

On the other hand this HC group stays problematic
for several reasons. Unlike cohorts of neurological
patients they do not usually have other auxiliary
investigations (neuroimaging, electrophysiological
investigations etc.). Other obstacles include ethical
considerations, the relative invasiveness of a lumbar
puncture, expensive insurance or cost of additional
instrumental investigations. Sometimes the HCs are
relatives, but this is a less ideal control group when

genetic interference is suspected and thus spouses
may be better controls where, on the other hand,
environmental factors may introduce a bias. To form
an optimal HC group, first or second-degree relatives
to patients with the target disease or, in the case of
MS, other autoimmune diseases should be excluded.
Spinal anesthesia subjects (SASs)

Clinical criteria: Normal neurological examination,
preferably performed by a neurologist, and no previous
history of any neurological deficit are mandatory. With
this information it can be assumed that the contribution
of pre- or oligosymptomatic individuals remains negli-
gible. Usually less information on the history and neu-
rological examination is available for SASs than in
neurological controls. Data from auxiliary methods are
similarly difficult to obtain as in the HCs.

Laboratory criteria: Normal basic CSF analysis is a
minimal requirement, including absence of OCBs
and normal QAIDb to exclude preclinical neurologi-
cal disease.

The lumbar puncture in this situation is usually not
performed by a neurologist, but by an anesthesiolo-
gist. Therefore, special attention should be given to
the fact that collection procedures are in agreement
with the consensus guidelines for collection and
sampling of CSF similar to the other patient groups
(sufficient sample volume, polypropylene tubes,
blood collected in parallel to CSF etc).’
Inflammatory neurological disease controls
(INDCs)

Clinical criteria: This group includes all neurologi-
cal diseases that are inflammatory in nature. The
determination of the exact causative agent is prefer-
able, i.e. etiopathogenetic diagnosis, although it is
not necessary for the biomarker research. The most
common examples are listed in Table 1.
Laboratory criteria: Abnormal CSF findings, such
as pleocytosis, elevated QAlb, or both, should be
present. However, this is not obligatory if other
findings clearly support the diagnosis of an inflam-
matory disorder, e.g. neurolupus.

Peripheral inflammatory neurological disease
controls (PINDCs)

Clinical criteria: This group includes autoimmune
diseases of the peripheral nervous system that are
inflammatory, but differ from INDCs. The most
common examples are listed in Table 2.
Laboratory criteria: Elevated QAIb is expected, but
not a necessary condition.

Non-inflammatory neurological disease controls
(NINDCs)

Clinical criteria: This group is defined mainly by
exclusion of INDCs. It involves patients with
defined neurological diseases that have no clear
inflammatory aspect. The most common examples
are listed in Table 3.
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Laboratory criteria: The CSF cell count must be
normal. QAIb can be normal or elevated.

6. Symptomatic controls (SCs) (the name is given to
distinguish this group from HCs)
Clinical criteria: These are patients with neurologi-
cal symptoms, but have no objective clinical or
paraclinical findings to define a specific neurologi-
cal disease at the time of sampling. They are with-
out putative structural damage. These patients may
have a somatoform (psychogenic) disorder that can-
not be explained by any somatic neurological
pathology. Thus, this category is also defined by
exclusion, i.e. not fulfilling the NINDC and NINDC
and listed in Table 1-3. The most common exam-
ples of SCs are listed in Table 4. Importantly, these
individuals cannot be categorized as HCs as is often
done in publications.
Laboratory criteria: CSF is required to be negative
for OCBs, and to have a normal QAlb, and a normal
cell count.>6

Table I. Study classification and examples of inflammatory
neurological disease controls (INDCs).

Main biomarker purpose: differential diagnosis:

Infectious diseases: neuroborreliosis, neurolues
Autoimmune neurological diseases: MS, neurolupus,
Sjdgren's disease with CNS involvement, antiphospholipid
antibody syndrome, other types of systemic vasculitides,
isolated CNS vasculitis, neurosarcoidosis, Behcet’s
disease, acute/ multiphasic disseminated encephalomyelitis,
neuromyelitis optica (NMO).

Paraneoplastic CNS neurological syndromes

Rare diseases: Hashimoto encephalopathy, Fisher syndrome
Main biomarker purpose: other research issues (e.g. unraveling
pathological specificity):

Aseptic encephalitis or myelitis

Aseptic meningitis

Bacterial meningitis

CNS: central nervous system; MS: multiple sclerosis.

Table 2. Study classification and examples of controls with
inflammatory neurological disease of the peripheral nervous
system (PINDCs).

Peripheral inflammatory neurological disease controls
Main biomarker purpose: other research issues (e.g. unraveling
pathological specificity):

Inflammatory demyelinating neuropathies: acute
inflammatory demyelinating polyneuropathy/Guillain-Barré
syndrome, chronic inflammatory demyelinating polyneuropathy,
multifocal motor neuropathy

Inflammatory neuritis including facial palsy, plexopathies,
radiculitis, neuropathies associated with inflammatory systemic
diseases

Table 3. Study classification and examples of non-inflammatory
neurological disease controls (NINDCs).

Main biomarker purpose: differential diagnosis:

CNS expansions: tumor of hypophysis, cavernoma, CNS
lymphoma, glioblastoma, astrocytoma, syringomyelia
Vascular diseases: transient ischemic attacks, minor strokes,
strokes

Neurodegenerative diseases: motor neuron disease —
amytrophic lateral sclerosis, primary lateral sclerosis, spinal
muscle atrophy, hereditary spastic paraparesis, cerebellar
neurodegeneration

Hereditary/metabolic enkephalopathies: cerebral
autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL), metabolic leukodystrophies,
mitochondrial diseases

Main biomarker purpose: other research issues (e.g. unraveling
pathological specificity):

Vascular diseases: transient ischemic attacks, minor strokes,
strokes

Unconsciousness: syncope, epilepsy of non-inflammatory
cause

Non-inflammatory PNS involvement: polyneuropathy,
plexopathy, radiculopathy (e.g. disc herniation),
mononeuropathy (e.g. n. lll, peroneal palsy)

CSF flow abnormalities: benign intracranial hypertension,
normotensive hydrocephalus, congenital hydrocephalus)
Dementia disorders and Parkinson syndromes:
Alzheimer’s dementia, vascular dementia, frontotemporal
dementia, Lewy Body dementia, Parkinson’s disease. (However,
the typical higher age of these patients makes comparison with
MS patients usually difficult.)

CNS: central nervous system; CSF: cerebrospinal fluid; MS: multiple
sclerosis. PNS: peripheral nervous system; n. lll: oculomotor nerve.

Table 4. Study classification and examples of symptomatic
controls (SCs).

Main biomarker purpose: differential diagnosis:

Sensory disturbances: paresthesias, hypesthesias in any

part of the human body (brain and/or spinal cord MRI and

CSF oligoclonal bands need to be performed for judgement of
‘normal’)

Dizziness: only if neurological reasons for dizziness are
excluded and brain MRI and CSF including oligoclonal bands are
normal, i.e. to exclude e.g. vascular cause

Polymorphic complaints: different symptoms simultaneously —
e.g. paresthesias, vertigo, headache, visual disturbances, fatigue etc.
Main biomarker purpose: other research issues (e.g. unraveling
pathological specificity):

Headache: acute, chronic, tension headache, other headache
syndromes, migraine, when an underlying organic cause is
excluded

Idiopathic Bell’s facial palsy: normal basic CSF findings
Vertebrogenic syndromes, disc herniation, spinal stenosis,
spondylosis

CSF: cerebrospinal fluid; MRI: magnetic resonance imaging; MS: multiple
sclerosis.

Downloaded from msj.sagepub.com at Technical University of Munich University Library on November 3, 2016


http://msj.sagepub.com/

1806

Multiple Sclerosis Journal 19(13)

Further subdivisions of control groups

In addition to dividing different diseases into main categories
like INDC, there is also an option to further divide these main
categories into subcategories. This subdivision could be par-
ticularly useful for the INDC group since it contains very het-
erogeneous diseases. By (current) definition the INDC group
may consist of patients with bacterial, viral and autoimmune
encephalitis, meningitis, or polyradiculoneuritis. This group
could be subdivided into several categories: (a) encephalitis,
(b) diseases with meningeal involvement and (c) peripheral
neuroinflammatory diseases. The example of NCAM levels,
where high levels were seen in viral encephalitis but not in
meningitis, shows that it could be useful to differentiate
between bacterial and viral meningitis patients.! A further
subdivision will certainly lead to more information on the
specificity of the biomarker. However, to include a sufficient
number of patients in each category, limited availability of
patients within these subgroups will hamper the ability to per-
form these studies, even in collaborative effects, and as we
provide guidelines for novel biomarkers studies, it is difficult
to make a generalized recommendation for further subdivi-
sion. We, therefore, do not provide more subdivisions in our
recommendations. If the different diagnoses are well bal-
anced and the sample size is sufficiently large, heterogeneity
will not matter and the influence of only a few outliers will be
reduced. The research question asked should determine if a
further subdivision is preferred or not. If the experimental
results show a wide range of outcomes, then one can zoom
into the details of the diseases to find a common denominator
that can be used to include or exclude specific disease entities,
e.g. ‘autoimmune or peripheral’. If that is not possible, larger
and more heterogeneous control groups will still be needed in
subsequent studies. If a priori knowledge of a biomarker is
present, then specific disease groups can be selected.

Which control group should be
included?

The choice of a specific control group depends on the research
question. It is therefore not possible to provide general guide-
lines. It is also not imperative to include all control groups into
a study, as the kind of control groups depends on the research
question, e.g. this could concern the pathobiological mecha-
nism, issues for differential diagnosis, or may even address
etiological factors for several diseases, whereby some controls
even become the target disease. In practice, the INDC, NINDC
and SC groups will most frequently be used. For several spe-
cific research questions that are a frequent focus of biomarker
studies, we here provide considerations and recommendations
for the optimal application of control groups.

Search for a diagnostic marker. Diagnostic markers for
e.g. MS could have value if they were able to (a) differen-
tiate MS patients, preferably at an early stage, from all
other control groups, (b) differentiate early MS from the

disease entities that are similar in appearance and cur-
rently most difficult to differentiate from MS, such as
patients with Sjogren’s syndrome, neuromyelitis optica
(NMO), acute disseminated encephalomyelitis, or (¢) dif-
ferentiate other autoimmune neurological diseases.
Examples are shown under each subheading of ‘differen-
tial diagnosis’ in Table 1-4. If a marker is novel, then as
many different diagnoses as possible should be included,
starting with the diseases most commonly seen in clinical
practice. Moreover, there may also be questions where
one control group would be sufficient, e.g. looking for a
biomarker specific for NMO vs MS. It is impossible to
define in advance what the levels of a new biomarker in
specific control groups will be. For example, the high lev-
els of NCAM, which was assumed to be a neuronal spe-
cific marker, in viral encephalitis but not in meningitis
could not have been predicted.!

Search for a prognostic marker. The optimal study design
for prognostic markers includes a comparison between
patients of different disease stages (e.g. early MS vs
severely progressed MS), or the longitudinal evaluation of
patients over different disease phases. Here, a biomarker
does not need to be different in the control group compared
to the patient group under study, but evaluation of the prog-
nostic value in a control group could be used to reveal the
specificity of the biomarker for the pathology of the target
disease. However, a biomarker can have prognostic value
for a particular disease even though it is not specific at all,
such as for neurofilament proteins being predictive for con-
version from clinically isolated syndrome (CIS) to MS.7?
With respect to the nature of the control group, this can be
more diverse than in studies aimed at defining diagnostic
markers.

Search for a therapeutic marker. The placebo-treated
group is the gold standard in such studies. Alternatively, the
patients may be their own control in follow-up studies,
requiring repeated lumbar puncture. This may be the best
situation in multifactorial diseases such as MS, since a
number of possible interferences (genetic, environmental,
phenotypic expression) are completely avoided. In this
instance, the sample sizes should be calculated and planned
very conservatively anticipating a higher than usual drop-
out rate after the first lumbar puncture. On the other hand, a
statistical analysis of dependent variables can be applied
(such as the paired ¢ test), that provide an increase in statis-
tical power.

Search for a biomarker reflecting pathology. Here, the
same applies as for a prognostic marker. Controls will
reveal the specificity of the biomarker and point to the
mechanism of the pathology of the target disease. And,
just as for the diagnostic marker, the more different dis-
eases and control groups that are included the better as
this will give more accurate information about the specific
involvement of the protein in the pathology of the target
disease.
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Figure |. Two-step approach for the assessment of diagnostic use of candidate cerebrospinal fluid (CSF) biomarkers.

Flowchart visualizing the two consecutive experimental steps necessary to reliably assess the potency of a CSF target molecule to serve as a diagnostic
biomarker for a target disease, indicated by ‘disease’. First, CSF samples from patients with the target disease are analyzed against a single control group
consisting of healthy controls (HCs), and/or symptomatic controls (SCs). Thus statistical analysis can be done by unpaired two-tailed t test or a Mann-
Whitney U test avoiding loss of statistical power due to multiple comparisons. For the a priori sample size estimation, the most conservative theoreti-
cal discriminatory cut-off for the CSF molecule should be assumed, if this is not known. If a significant difference is not detected, specificity for the CSF
molecule discerning the target disease from controls, may not be assumed and the experiment/project should be terminated. Otherwise in the second
step, additional (disease) control groups should be tested, namely inflammatory neurological disease controls (INDCs), non-inflammatory neurological
controls (NINDCs), and possibly peripheral inflammatory neurological disease controls (PINDCs). Spinal anesthesia subjects (SASs) may serve as another
non-diseased control group. Due to the multiple comparisons approach in this second step, the sample sizes should be re-calculated using the observed
discriminatory power of the first experiment. Thus, additional CSF samples of the patients and/or HCs/SCs may have to be tested in order to adjust the
sample sizes. Only if the CSF samples of the target disease are significantly different from all other groups tested and sensitivity and specificity are suf-
ficiently high, can a possible diagnostic potency of the target molecule be assumed and should be validated in a second independent dataset.

CNS: central nervous system.

significantly different

vs all other groups Disease

Yes

[Disease

[ Possible diagnostic

L Considerreassessmentas
biomarker

biomarker reflecting CNS pathology

test. Thus, with increasing numbers of control groups the
sample sizes have to be increased as well. Care should be

Number of patients per control group

With respect to the numbers of patients, general and basic
rules of biostatistics have to be applied. If possible, a for-
mal power analysis should be performed to determine the
minimal sample size needed to correctly reject the null
hypothesis that has been defined (i.e. no difference for the
biomarker in question between the targeted CNS disease
and the controls). The sample sizes should be sufficiently
large: however, there is no need to over-exceed the sample
sizes as no additional information is gained, rather CSF
material and procedural material (antigens, reagents etc) is
wasted. The more control groups that are included in the
experiment, the smaller is the statistical power of the analy-
sis due to the post hoc multiple comparisons of any statistical

taken to match for gender and age in between groups, since
e.g. QAlb is age dependent and so are many biomarkers.10-11
Pooling of samples should be avoided, as dilution may be
introduced as a confounding factor, e.g. if one CSF sample
which is highly positive for a given biomarker is pooled
with four negative CSF samples from the control group, the
concentration of the biomarker in the pooled analysis is
decreased to 20% and may become negative.

If a CSF molecule is assessed as a diagnostic bio-
marker specific for the targeted CNS diseases, the exper-
iment could be planned with a two-step approach in order
to save material and workload (see Figure 1). First,
CSF samples of patients with the target discase are
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tested against non-diseased control groups, i.e. either
HCs or SCs. If there are no differences detected between
these two groups, the hypothesis has to be rejected and no
further experiments are needed. Otherwise, in a second
experiment the CSF of the targeted disease should be
tested against a number of control groups to specifically
validate the results. Thus, while homogeneity is desirable
when defining a control group (e.g. inflammatory vs non-
inflammatory), within any control group the spectrum of
disorders should be somewhat heterogencous and clus-
ters of only a few entities avoided, unless the project is
hypothesis-driven. In this case, a recalculation of the
power analysis is advisable obeying the magnitude of the
effect observed in the first-step of the experiment. This
two-step approach may not be suitable for every study,
but should be considered during project planning as it
poses the advantage of increasing the statistical power in
the first step (or conversely providing the option to
decrease the sample sizes) and of specifically validating
the results in the second step.

Final remarks

By defining groups, we realize that there will be patients
that will not fall within one of the categories, and thereby
will generally excluded from biomarker studies. These are
patients with multiple diagnoses and thus do not fit into one
single control group as defined above. An example is cere-
bral hemorrhage, as blood contamination will confound the
results. One may argue that CSF samples from patients
with infectious hazards (hepatitis B or C, purulent menin-
goencephalitis) are also unsuitable due to safety reasons.

There is biological heterogeneity within nosologically
homogeneous groups (especially in those that need the
application of polythetic criteria for diagnosis). The
approach of increasing homogeneity of control groups by
application of clinical and biological criteria as we propose
here is challenging, but should not be discarded a priori.

It is worthwhile emphasizing that the ideal control group
may not exist. Even HCs may not be completely healthy
after all, or may possess known or unknown factors that
confound the research outcome. Furthermore, even indi-
viduals considered as healthy may suffer from disorders
which remain undetected if they are not questioned and
examined in a formal manner. It is likely that certain condi-
tions such as sports activities (jogger or marathon runner),
eating habits (vegetarian or frequent fast-food intake), and
disturbed sleep rhythm (shift worker or mild depression) in
otherwise healthy persons may influence levels of CSF bio-
markers. This may be overcome by applying a sufficiently
large control cohort.

It is expected that the guidelines given in this paper
will be instructive for harmonizing CSF biomarker
studies. Replication of outcomes obtained in single stud-
ies will become easier and their interpretation more

straightforward. Ideally organizations such as the
BioMS-eu network will, at some stage, even be able to
provide a set of well-defined, homogeneous controls to
validate results and make them globally comparable.
Providing adequate infrastructure and information net-
works will allow multi-centre studies and inclusion of suf-
ficient numbers of controls in each group. The use of
these definitions is another important step forward to
facilitate multi-center collaboration, which is essential in
CSF biomarker studies in MS and related disorders and
will ultimately lead to well- and independently-validated
biomarkers for clinical applications.
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