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Abstract: B-cell mediated autoimmune diseases of central nervous system (CNS) put a heavy burden on different
aspects of society and economy. Taken together, there are different types of autoimmune diseases in which B-cells
play an important role and affect CNS in a pattern of inflammation. These diseases have some similarities in clinical
presentations and radiological findings and some similarities with other diseases in different aspects such as treatments with each disease having its own characteristics. In this review article, we had a survey on some different
types of B-cell mediated autoimmune diseases of CNS and explained how they can be distinguished from each other
and how distinct they are according to radiological findings. The aim of this study is to distinguish B-cell mediated
autoimmune diseases of CNS from other non-B-cell diseases in order to choose the best anti-B-cell treatments. At
the end of this article we briefly explain different types of treatments being utilized and the role of corticosteroids in
acute phases of different diseases.
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Introduction
B-cell mediated autoimmune diseases of central nervous system (CNS)s consist of different
types of diseases, each having its own clinical
presentations and radiological findings but in
some diseases no specific lesions are observed
in radiological findings and clinicians should
diagnose the disease by ruling out other diseases. These diseases are caused due to the
inflammatory responses mediated by T-cells
and B-cells, leading to mitochondrial injury and
oxidative burst. The key aspect of these diseases are production of inflammatory cytokines
(i.e. INF-g, TNF, IL-4 and IL-6), exacerbating
autoimmune condition and production of antibodies by B-cells [1-3]. T-cells are divided into
different subtypes. T-helper (Th) cells that
mediate the responses of B-cells by cytokine
productions and B-cells that contribute to
inflammatory responses by presenting the antigens to Th-cells so they produce more inflammatory cytokines [4]. There are different specific and non-specific markers on the surface of
B-cells and the most important of all is CD-20

which is targeted by specific monoclonal antibodies such as rituximab as a highly effective
and new therapeutic method for most of B-cell
mediated diseases. Other therapies also include systemic corticosteroids which are considered effective but are associated with different systemic side effects [5]. At the acute
phase of B-cell mediated disease, systemic
pulse of corticosteroids especially methylprednisolone is considered as one of the best therapeutic methods [6] but most of B-cell mediated
disease require a maintenance therapy which
is determined by the physician. Other treatments include plasma exchange and immunosuppressive agents. Taken together, B-cell mediated diseases of CNS have some common
clinical manifestations that might not be helpful for diagnosing the disease but can help physicians to distinguish them from other diseases
and choose the best treatments based on
radiological findings. In this article, we have
reviewed some of the most important B-cell
mediated diseases of CNS and explained their
clinical characteristics, radiological findings
and a number of ways to distinguish them from
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each other and from other non-B-cell diseases.
At the end of the article, we briefly reviewed different treatments that are mostly accompanied
by corticosteroids in acute phases. This review
article was made by searching for studies and
review articles in PubMed, Google Scholar, and
EMBASE using the key terms for each disease
such as Neuromyelitis Optica Spectrum Disorder, Myelin oligodendrocyte glycoprotein IgG,
Chronic relapsing inflammatory optic neuritis,
Recurrent isolated optic neuritis, Multiple sclerosis, Acute disseminated encephalomyelitis,
Recurrent transverse myelitis, Anti-N-methyl-daspartate (NMDA) receptor encephalitis, Glial
fibrillary acidic protein (GFAP) astrocytopathy,
B-cell, imaging, treatment and rituximab.
Neuromyelitis optica spectrum disorder
(NMOSD)
NMOSD is a rare autoimmune disorder of central nervous system (CNS) which is typically
characterized by myelitis and demyelination in
the brain or spinal cord along with optic neuritis
(ON) [7]. A patient with NMOSD is affected by
episodes of remission and exacerbation and
may suffer from different stages of disability.
NMOSD onset is mostly in the third to fourth
decades of life and the incidence rate of the
disease is reported to be 0.05-4.4 per 100,000
[8]. In order to diagnose NMOSD and distinguish it from other B-cell mediated CNSautoimmune diseases, a highly disease specific
serum immunoglobulin G (IgG) autoantibody
against astrocyte water channel aquaporin-4
(AQP4) is used which has also led to diagnosing
more complicated forms of the disease [9, 10].
The diagnostic criteria for NMOSD was first
developed by Wingerchuk and colleagues in
1999 [11] but it has been progressed and
revised through the time. The current criteria of
NMOSD diagnosis is divided into two groups of
patients [12]. One with positive results for
NMO-IgG and the other group with negative or
unknown status of NMO-IgG. In patients with
seropositive results, presence of one of the
core clinical characteristics are enough for
diagnosis of NMOSD [13]. Clinical presentations of NMOSD are based on the area involved
in disease. For example, ON presents mostly
with altitudinal visual field defect, or causes
severe residual visual loss. On the other hand,
an area postrema clinical syndrome (16%-43%
incidence) consists of intractable hiccups or
nausea and vomiting and Spinal cord syndrome
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is presented with paroxysmal tonic spasms
[12]. Diagnostic characteristics of NMOSD are:
ON, transverse myelitis (TM), area postrema
syndrome, other brainstem syndromes, symptomatic narcolepsy or acute diencephalic syndrome and symptomatic cerebral syndrome
with magnetic resonance imaging (MRI) lesions.
For those patients with seronegative results of
NMO-IgG, presence of two episodes of such
core clinical characteristics which one of them
must be ON, TM or area postrema syndrome
along with potential radiologic findings. Recently there have been growing numbers of
studies putting emphasis on the role of B-cells
in pathogenesis of NMOSD. Furthermore, the
efficacy of anti-CD20 (a protein expressed on
B-cells) drugs such as Rituximab signifies this
theory that NMOSD has a B-cell basis [14].
Radiologic findings of NMOSD is closely resembles those of multiple sclerosis (MS) but the
most important difference is presence of longitudinally extensive transverse myelitis (LETM)
of more than three vertebral segments [7].
More specific MRI findings are divided based
on clinical features of patients. For example, in
a patient with ON, brain MRI is almost normal
or with changes restricted to optic chiasm such
as unilateral or bilateral increased T2 signal or
T1 gadolinium enhancement. In patients with
brain involvement, lesions are detected in dorsal medulla, hypothalamus, fourth ventricle,
and corpus callosum [14]. In those with presentation of TM, a central medullary lesion or focal
atrophy involving at least 3 contiguous vertebral segments and in area postrema syndrome,
a lesion in dorsal medullary region is observed
[13]. These radiologic findings along with clinical presentations and laboratory data are very
helpful in diagnosing the disease. Another characteristic of NMOSD which help to distinguish
the disease from MS is cerebrospinal fluid
(CSF) data. CSF examination in NMOSD patients reveals protein increase (> 1 g/L), high
cell count (> 50 or 100 cells/mm3) and lack of
oligoclonal bands which are observed in only
30% of NMOSD patients against 90% of
patients with MS [7]. All these clinical, radiological and lab data help to diagnose NMOSD.
Myelin oligodendrocyte glycoprotein IgG (MOGIgG)
Recently there has been a focus on serum
immunoglobulin G (IgG) in patients with inflammatory CNS diseases. The role of B-cell in
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pathogenesis of these types of CNS diseases
and secretion of such immunoglobulins cannot
be ruled out. An important example is MOGIgG. Recently, there have been documentations
with focus on the so called MOG-IgG associated Optic Neuritis, Encephalitis, and Myelitis
which is a CNS demyelinating syndrome associated with MOG-IgG [15]. According to the studies, MOG-IgG has been detected in seronegative NMOSD patients. Evidence suggests that
the presence of MOG-IgG seropositive NMOSD
can be very helpful to distinguish this disease
from MS [16]. All these data indicate a possible
pivotal role of B-cell lymphocytes in production
and secretion of such immunoglobulins and
pathogenesis of diseases. MOG-IgG is reported
to be found in patients with ON, encephalitis
and also demyelinating lesion in CNS [15].
Taken together, MOG-IgG is found in the so
called MOG-IgG-associated encephalomyelitis
(MOG-EM) [16]. MOG-EM has many overlaps
with MS [16, 17] such as occurrence of relapses, meeting McDonald’s criteria for MS in 33%
of patients, being previously diagnosed with
MS or responsive for B-cell targeted treatments
such as rituximab. Clinically, patients with
MOG-IgG might experience ON, LETM, NMO
and encephalomyelitis [15]. But patients with
positive results for AQP4-IgG, NMO and LETM
have much more occurrence than in MOG-EM
(60% and 30% in AQP4-IgG positive against
6-24% and 29-31% in MOG-EM) [18, 19].
Chronic relapsing inflammatory optic neuritis
(CRION)
CRION was first described in 2003 [20] as an
inflammatory autoimmune disease of optic
nerve, which increases the risk of blindness.
Mostly CRION is presented with unilateral or
bilateral subacute or chronic vision loss with
different severity, pain in one eye or both and
its response to systemic steroids [21]. Another
clinical manifestation of CRION is painful eye
movements. The patient also experiences recurrent attacks of such clinical presentations
and the episodes between these attacks vary
from weeks to years [22]. It must be also noted
that neurological deficits, sarcoidosis or systemic autoimmune diseases must be ruled out.
A review article reported bilateral visual loss
with more than one episode the most important clinical presentation of the disease. Pain
was also present in about 35% of patients and
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uveitis in 7% [23]. They also conclude that diagnosis of CRION is basically by ruling out other
diseases based on clinical manifestation, laboratory tests and imaging. Another study performed by Petzold and colleagues demonstrated that 95% of patients with CRION are
seronegative for NMO-Ig which can be helpful
to distinguish these two autoimmune diseases
[24]. Moreover, glial fibrillary acidic protein
(GFAP) is elevate in over 98% of patients with
NMO which is also helpful [25]. There is evidence of effective treatments with anti-CD20
drugs that target B-cells such as rituximab and
atumumab which indeed signify the role of
B-cells in pathogenesis of CRION [26]. Imaging
studies revealed normal brain MRI in almost
40% of cases [23] and a multi-site consortium
with expert MRI neuro-radiologists may be
helpful. It has been suggested that high signal
abnormalities which enhance, might be observed in optic nerves in brain MRI of patients
with CRION [20].
Recurrent isolated optic neuritis (RION)
RION is another inflammatory and autoimmune
of CNS which affects optic pathway. As it was
mentioned, ON is observed in some CNS diseases such as NMO and MS [11]. It is important
to highlight the fact that recurrent isolated optic
neuritis can also occur. Based on a report by
Beck et al. [27], about 30-50% of patients with
ON may experience at least one recurrent
attack which is known as RION. It should be
noted that based on McDonald’s criteria, recurrence of ON affecting both optic nerves could
also be considered MS [28]. In a study by Pirko
and colleagues [29], they had a survey on
patients with RION and suggested that rapid
succession of severe ON events in patients,
are more possible to develop to a generalized
demyelinating disease such as MS or NMO.
Such changes in disease forms are almost due
to the nature of B-cell mediation of these diseases. It has also been suggested that in
patients with RION with absence of any specific
radiological findings for MS, other diagnostics
such as NMO should be considered [30].
Another important differential diagnosis in a
patient with recurrent ON is CRION. It has been
reported that taking glucocorticoids is a risk
factor in developing RION [31] since steroid
dependency is a characteristic sign in CRION
[21]. Clinical presentation of RION is not very

Am J Clin Exp Immunol 2020;9(3):28-40

Central nervous system
particular to this disease. It is consisted of
signs and symptoms of ON including visual loss
along with at least two of the following criteria:
afferent pupillary defect, color vision abnormalities, pain on eye movement, abnormal visual
evoked response, and cecocentral field defect
[29, 32]. Radiological findings in RION are almost unspecific and might change during time
if any other CNS inflammatory disorders appear
but mostly, brain MRI of patients with RION is
normal or it indicates enhancement of chiasm
and both optic nerves [30].
Multiple sclerosis (MS)
MS is an autoimmune disease of CNS which is
believed to have inflammatory basis [33-35].
Clinical presentations of MS are due to MS
plaques in the CNS. Most patients are reported
to experience visual signs such as recurrent
episodes of blindness or double vision. Other
presentations include weakness and sensation
problems [36]. Although the exact pathogenesis of MS still remains unknown, but the important role of different immune cell cannot be
ruled out [37]. Inflammation, demyelination,
axonal loss and gliosis are morphological manifestation of MS in which different immune cell
types and inflammatory cytokines play important roles [38]. Recent data have proven that
B-cells have an important and vital role in
pathogenesis and etiology of MS [39, 40].
There have been large body of researches on
the role of B-cells in MS disease and a very
important evidence of this issue is the effectiveness of anti B-cell therapies in MS patients
[41]. It must also be noted that some documents indicate the presence of oligoclonal
band (OCB) pattern in CSF of MS patients even
after anti-lymphocytes therapies which might
show the role of other immune cells like plasma
cells in pathogenesis of MS [42, 43]. MS disease is divided into five types based on clinical
signs and symptoms [44]. The first type is clinically isolated syndrome [45] which is characterized by loss of myelin and neurological signs at
the beginning of the disease which must also
last at least for 24 hours. The second type is
relapsing remitting MS (RRMS) which accounts
for 80-85% of diagnosed cases. This type is
known by episode of so called attacks following full of partial remission periods between
attacks. Primary progressive MS (PPMS) is also
another type of MS with continuously impaired
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neurological functions and no remission. This
group consists of 10-15% of known patients. It
is also important to notice that these patients
experience disease plateaus. The forth type of
MS is secondary progressive MS (SPMS) which
is almost the next step of MS in RRMS patients
in which there will be no more remission periods. Progressive relapsing MS (PRMS) is another MS type in which patients will experience
relapses over time with no plateau or remission. Different lines of evidence have revealed
important function of T lymphocytes and inflammatory and anti-inflammatory cytokine balance. For years the role of B-cells in MS pathogenesis was ignored but recent evidence put
emphasis on pivotal role of B-cells in MS disease. As Magliozzi and colleagues reported,
B-cell follicles were detected in 41.4% of SPMS
patients [46]. Another important evidence for
role of B-cells in MS is the efficacy of anti B-cell
therapies such as rituximab, ocrelizumab [47]
and presence of oligoclonal immunoglobulins
in CSF of more than 90% of MS patients [48,
49]. There has also been a review article on the
effectiveness of anti-B-cell therapies preventing formation of new lesions in T2-weighted
MRI and of course the relapse of the disease
[50]. In this article, Xie and colleagues also indicated that anti-B-cell treatments have no serious adverse effects. Demyelination spots in
brain MRI of patients with MS are related to
their signs and symptoms which exacerbate
with each relapse as it has been observed in
radiological findings [51]. Such radiologic findings and clinical characteristics made up the
diagnostic criteria of McDonald’s [52] by which
dissemination in space and/or time is paid
attention. There are also some image findings
that are more commonly observed in those MS
patients with dominant role of B-cells such as
the so called tumefactive MS. These findings
include prominent GAD enhancing lesions,
meningeal enhancement and subpial demyelination which are called tumefactive lesions in
MS [53-55]. Some clinical data such as recurrent neurological symptoms like ON, TM and
Ataxia along with long standing lesions in visual pathway, spinal cord and corpus callosum
and encephalopathy are mostly reported in patients with B-cell prominent MS [55-57]. Based
on such clinical findings and radiological data,
we suggest that patients who suffer from B-cell
prominent MS, might respond very well to antiB-cell therapies such as rituximab. However,
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further clinical trials and studies are still
required.

ence of relapses, these two diseases can be
separated.

Acute disseminated encephalomyelitis (ADEM)

Recurrent transverse myelitis (RTM)

ADEM is also another autoimmune disease of
CNS which is associated with inflammation and
demyelination and is also age related with higher incidence among children. The exact etiology
of the disease remains unknown however, there
is evidence that it might be related to viral diseases, probably preventive vaccination and
rarely application of immune sera [58, 59]. The
exact mechanism of the disease is not yet clarified but it could be due to activation of different
types of B-cell lymphocytes and production of
different antibodies. As a result, this disease is
also a B-cell mediated inflammatory disease of
CNS. It has been also documented by histological studies that perivascular infiltration of lymphocytes along with plasma cells and monocytes are histological characters of ADEM [60].
Clinical manifestation of ADEM is consisted of
fever, headache and meningeal signs and neurological signs after the onset of the disease.
The most important clinical feature of ADEM is
Encephalopathy [61]. Such signs are reported
to be seizure, speech disturbance and tremor.
The mortality rate of ADEM is reported to be
10-15% which decreases after intensive care
procedures [59]. Although, the exact clinical
signs and symptoms of ADEM differ based on
the potential previous viral disease, they mostly
include the mentioned signs. Incidence rate of
ADEM is unfortunately not very clear through
data because of variability among studies. For
instance, Torisu and colleagues reported an
incidence rate of 0.64 per 100,000 among children under the age of 15 years [62] but Tselis
and Lisak [59] report different incidence rates
based on the fundamental disease which
ADEM occurs afterwards. They report postmeasles ADEM 1:1000, postvaricella ADEM
1:10,000, and post-rubella ADEM 1:20,000. It
has also been not clear if ADEM and MS are
two distinct diseases or variant of the same disease. Poser and Brinar [63] suggested that
sharp edged plaques in brain MRI do not occur
in MS. Also the most important thing to distinguish the two diseases is reported to be the
occurrence of relapses observed in MS [64].
We also suggest that based on clinical manifestations i.e. neurological signs following fever
and viral infection, age of patients and pres-

RTM is a recurrent inflammation in spinal cord
with autonomic dysfunction, weakness and
sensory alterations as its characterized clinical
manifestations [65]. It has also been reported
that recurrent transverse myelitis can be a part
of CNS diseases such as MS or a separate disease on its own. The mechanism of RTM is
suggested to be mediated by autoreactive
T-lymphocytes which in turn, activate B-cells
and humoral immune system. It is reported that
IgE, hypereosinophilia and autoantibodies have
been detected in spinal cord of patients with
RTM [66]. Due to similarities in clinical presentation of RTM with other CNS involving inflammatory diseases such as MS, distinguishing the
two diseases is very important. Clinical manifestations of the disease depend on involved
spinal segments. Some patients might suffer
from sensory loss and ascending paresthesia
while others might suffer from urinary retention, hyperreflexia, and bilateral Babinski signs
[67]. On one hand, some reports proclaim that
RTM signifies the presence of MS disease [68,
69]. On the other hand, other reports of patients
with idiopathic RTM [67]. As kim and colleagues
[70] report, only 15-20% of patients with transverse myelitis experience recurrent episodes
while the rest have just one episode. They also
report that RTM can be distinguished from MS
caused transverse myelitis by paying attention
to clinical characteristics and MRI findings.
They reported that RTM occurs mostly in male
patients, oligoclonal bands are absent and they
face multiple relapses. It should also be noticed
that despite the similarities in spinal lesions in
T2W1 MRI between RTM and MS [71, 72], in
almost all of idiopathic RTM patients, no abnormalities can be detected in brain MRI.
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Anti-N-methyl-d-aspartate (NMDA) receptor
encephalitis (NMDARE)
NMDARE is a CNS disorder described by
Dalmau et al. [73] in which patients suffer from
neuropsychiatric symptoms with presence of
anti-NMDA receptor antibody in their CSF. The
role of B-cells in pathogenesis of this disease
still remains unknown but the presence of
B-lymphocytes are proven. Clinical manifestation of NMDARE consist of changes in mood,
Am J Clin Exp Immunol 2020;9(3):28-40
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behavior, and personality, resembling acute
psychosis progressing to motor dysfunctions
such as seizures, dyskinesias, decreased level
of consciousness, and autonomic instability
such as cardiac dysrhythmia [74, 75]. These
clinical manifestations were observed mostly in
young women with teratomas of the ovary [76].
Such Diagnosis of NMDARE is by presence of
antibodies to the NMDA receptor in serum or
CSF of patients which also correlates with clinical symptoms [77]. Lymphocytes pleocytosis
and CSF-specific oligoclonal bands are also
detected in CSF of most these patients. These
data along with effective responses to anti-Bcell therapies are evidence of B-cell lymphocytes presence [78]. Dyskinesias, seizures and
catatonia are the most important psychiatric
differential diagnosis of NMDARE and it has
been suggested that NMDARE should be ruled
out in patients with such symptoms and no previous history of psychiatric disorder. Radiological findings can be a great help in patients
with psychiatric and motor dysfunction suspected to have NMDARE but brain MRI is
reported to be normal in about 70% of patients.
Other 30% will have implicated areas include
the hippocampi, cerebellar and cerebral cortex,
basal ganglia, brainstem, frontobasal and insular regions [75, 79].
Glial fibrillary acidic protein (GFAP) astrocytopathy
Glial fibrillary acidic protein (GFAP) is a protein
found in astrocytes of CNS and is thought to
play a pivotal role in maturation and shaping of
astrocytes following any brain trauma, inflammation or other CNS diseases [80]. GFAP astrocytopathy is another autoimmune disease of
CNS associated with meningitis, encephalitis
or myelitis. This disease is usually associated
with presence of antibodies against GFAP. In a
study, it was indicated that 25% of patients
were diagnosed with a range of neoplasms and
additional astrocytic or neural antibodies such
as anti-AQP4 or NMDAR [81]. The pivotal role of
antibodies in pathogenesis of GFAP astrocytopathy along with poleocytosis and presence of
oligoclonal bands in CSF of patients are strong
evidence of the role of B-cell lymphocytes in
pathogenesis of this disease. Clinical manifestation of the disease is variable but most of
patients experience seizures, meningitis, encephalitis, multi-organ failure, skin rash, colitis,
33

and heart failure [81, 82]. Brain MRI is also
reported to show a linear perivascular radial
pattern of gadolinium enhancement in half of
patients which might not be very helpful. Due to
the important role of serum antibodies against
GFAP for diagnosis of this disease, they should
be measured. As it was discussed, It should
also be noted that serum GFAP levels also
increase in NMOSD [25].
Acute hemorrhagic leukoencephalitis (AHL)
(Weston-Hurst syndrome)
AHL is known as a rapidly growing hemorrhagic
and inflammatory demyelinating disease of
CNS which is often diagnosed after the death
of the patient [83]. An important differential
diagnosis of AHL is ADEM disease and some
neurologists believe that AHL is a hyperacute
variant of ADEM. Clinical presentation of AHL is
similar to ADEM but an important difference is
that AHL leads to mortality within days due to
brain edema. The patients may suffer from
headache, seizures, multifocal or asymmetrical
neurologic deficits, and rapid progression to
coma [84]. The exact role of B-cells in AHL is
still not fully known but there have been documents of neutrophilic and lymphocytic infiltrations in the brain [85]. Imaging studies of AHL
indicate hemorrhagic lesions in white matter
and brain edema. There have been reports of
focal hemorrhages in the white matter of the
bilateral posterior frontal and parietal lobes
[86]. Such radiological findings along with a history of previous illness or viral disease and rapidly improving clinical manifestations must lead
the physicians to AHL diagnosis.
Treatments
All of these diseases are inflammatory diseases and have B-cell mediated autoimmune
basis. There are some common as well as specific treatments for each of them. Almost all of
these diseases respond very well to administration of corticosteroids in acute phase of the disease but for long term treatments, some specific anti B-cell therapies have been evaluated.
For NMOSD, early treatments with corticosteroids play a pivotal role in early attacks. It has
been suggested that intravenous (IV) administration of 1 g methylprednisolone for 3-5 days
followed by 20 mg oral prednisolone for two
weeks can be an effective treatments in
NMOSD relapses [7]. Five times plasma exchAm J Clin Exp Immunol 2020;9(3):28-40
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Table 1. Pathogenesis, clinical manifestation and imaging finding of autoimmune diseases of central nervous system
Disease

Feature

Possible known Pathogenesis

Clinical manifestation

Major imaging finding

NMOSD

myelitis and demyelination in the brain or spinal altitudinal visual field defect, intractable hiccups or nausea and
cord along with optic neuritis
vomiting, paroxysmal tonic spasms

Mostly changes are restricted to optic chiasm such as unilateral
or bilateral increased T2 signal or T1 gadolinium enhancement

MOG-IgG

CNS demyelinating syndrome associated with
MOG-IgG

ON, LETM, NMO and encephalomyelitis

unspecific

CRION

inflammatory autoimmune disease of optic
nerve

unilateral or bilateral subacute or chronic vision loss with different
severity, pain in one eye or both and its response to systemic
steroids

revealed normal brain MRI in almost 40% of cases, high signal
abnormalities which enhance might be observed in optic nerves

RION

inflammatory autoimmune disease of optic
nerve

visual loss, afferent pupillary defect, color vision abnormalities,
pain on eye movement, abnormal visual evoked response, and
cecocentral field defect

unspecific and might change during time

MS

Inflammation, demyelination, axonal loss and
gliosis

visual signs such as recurrent episodes of blindness or double
vision, weakness and sensation problems

prominent GAD enhancing lesions, meningeal enhancement and
subpial demyelination which are called tumefactive lesions

ADEM

might have relations to viral diseases and probably preventive vaccination and rarely following
application of immune sera

Encephalopathy, fever, headache and meningeal signs and afterwards neurological signs appear

sharp edged plaques in brain MRI

RTM

IgE, hypereosinophilia and autoantibodies
detected in spinal cord

autonomic dysfunction, weakness, sensory loss, ascending paresUnspecific spinal lesions in T2W1
thesias, urinary retention, hyperreflexia, and bilateral Babinski signs

NMDARE

presence of antibodies to the NMDA receptor in
serum or CSF of patients

mood, behavior, and personality, resembling acute psychosis
progressing to motor dysfunctions such as seizures, dyskinesias,
decreased level of consciousness, and autonomic instability such
as cardiac dysrhythmia

GFAP astropathy

presence of antibodies against GFAP, a protein
meningitis, encephalitis or myelitis
thought to play a role in maturation and shaping
of astrocytes

Brain MRI is also reported to show a linear perivascular radial
pattern of gadolinium enhancement in half of patients

AHL

hemorrhagic and inflammatory demyelinating
disease of CNS

hemorrhagic lesions in white matter, brain edema, focal hemorrhages in the white matter of the bilateral posterior frontal and
parietal lobes
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headache, seizures, multifocal or asymmetrical neurologic deficits,
and rapid progression to coma

brain MRI is reported to be normal in about 70% of patients, 30%
will have implicated areas include the hippocampi, cerebellar and
cerebral cortex, basal ganglia, brainstem, frontobasal and insular
regions
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anges within 5-10 days are also recommended
in those nonresponsive to IV steroid therapies
[87] but based on B-cell basis of the disease,
anti-CD20 drugs such as Rituximab which target B-cells have proven their efficacy [88].
Furthermore, some MS drugs are reported to
worsen the disease course such as interferonbeta and Fingolimod [89-91]. Other suggested
therapies for NMOSD are Azathioprine (AZA),
Rituximab [88], Mitoxantrone and Methotrexate
[7]. Rituximab and Mitoxanthrone are also used
in treatment of MS. Rituximab that acts as an
anti-CD-20 antibody, is now under lots of attention due to its well proven efficacy and lack of
documented serious adverse effects. Infusion
related reactions and infections such as nasopharyngitis, upper respiratory tract infection
and urinary tract infection are the most common adverse effects of rituximab in the two trials on the drug [92, 93]. An important feature
of rituximab is that this drug affects both
peripheral and central B-cells and decreases
the CSF [94]. It has been also indicated that
treatments with rituximab can be associated
with reduction in gadolinium [25]-enhanced
lesions in brain imaging of MS patients [95].
Administration of IV steroids such as 1 g methylprednisolone for 3-7 days is a choice in attack
episodes of almost all of the inflammatory diseases as it is also used in CRION [23]. In CRION
disease, oral corticosteroid therapy is reported
to have an acceptable role in stabilizing the
vision after an attack period. Other long term
treatments are somehow similar to those in
NMOSD but there have been reports of other
treatments too [20, 96, 97]: AZA, methotrexate, cyclophosphamide and IVIG. In patients
with RION, administration of corticosteroids
was a risk factor for development of CRION but
such result may not be very liable due to limited
population of studied cases. MS is also an
inflammatory disease and the patient may
experience attacks during the disease period.
Different line of evidence put emphasis on the
important role of IV corticosteroid administration (1 g methylprednisolone for 3-7 days) [98,
99] and some suggest plasma exchange (5
times within 5-10 days) [100]. Moreover, different immunosuppressant therapies for long
term immunosuppression in order to modify
the progression have been developed including
beta interferones (250 microg every day as
standard dosage) [101, 102], ocrelizumab (600
mg every 6 months) [103], Glatiramer acetate
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(mostly 40 mg three times per week) [104],
Fingolimod (0.5 mg daily) [105], Natalizumab
(Tysabri) [106] and Alemtuzumab [107]. Each
type of treatment has its own efficacy and
adverse effects. ADEM and RTM are also treated by using high doses of corticosteroids and
plasmaphresis [59]. NMDARE, GFAP astrocytopathy and AHL are also benefited by corticosteroids, plasma exchange and of course anti-Bcell therapies such as rituximab [75, 81] with
same dosages used for other diseases. But it
should also be noted that immediate psychological treatments in NMDARE with clonidine
(0.1 mg orally 2 times a day), trazodone (150
mg orally per day) and benzodiazepines such as
alprazolam (0.5 mg orally administered 3 times
a day) are also effective in order to control the
primary psychological signs and symptoms
[75]. Treatments of AHL may include corticosteroids such as intravenous (IV) administration of
1 g methylprednisolone for 3-5 days followed
by 20 mg oral prednisolone and also plasma
exchange (5 times within 5-10 days) [84]. Table
1.
Taken together, almost all of the discussed
inflammatory diseases of CNS, except for RION,
are treated by using corticosteroids in their
acute phase of attack and the long-term treatments can differ from one to another. However,
most of them benefit from anti-B-cells treatments including rituximab. Physicians can
choose the treatments based on clinical evaluations and imaging studies which help to distinguish such B-cell mediated diseases of CNS.
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