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The Marburg variant of multiple sclerosis (Marburg MS) is the most aggressive form of
MS, often leading to death soon after onset. Here we describe the case of a 26-year-old
Marburg MS patient presenting with severe neurological deficits requiring intensive care.
In spite of more than 100 gadolinium-enhancing MRI lesions, the patient recovered
almost completely upon high-dose cyclophosphamide (HiCy) rescue treatment (four
consecutive days with 50 mg/kg/day, cumulative absolute dose of 14 g). Following the
acute treatment, her disease was stabilized by B cell depletion using ocrelizumab. Clinical
amelioration was reflected by a decrease of MRI activity and a marked decline of serum
neurofilament light chain levels. HiCy rescue treatment followed by ocrelizumab as a
maintenance therapy prevented permanent disability and achieved an almost complete
clinical and drastic radiological improvement in this Marburg MS patient.
Keywords: Marburg MS, malign MS, high dose cyclophosphamide, ocrelizumab, neurofilament

INTRODUCTION
The Marburg variant of multiple sclerosis [Marburg MS (1)] which accounts for <4% of the
total incidence of MS cases mostly affects children and young adults (2). It is a fulminant
form of MS, featuring an acute onset of severe neurological deficits often resulting in death
within weeks to months (3). Histology usually shows extensive demyelination as well as necrosis,
which often involves vital areas like the brainstem (3). Synonyms for Marburg MS, which is
the most aggressive variant of the disease, include malign, acute fulminant, acute malignant,
and rapidly progressive MS. Its most important differential diagnoses are acute disseminated
encephalomyelitis, Balo’s concentric sclerosis, and Schilder’s diffuse sclerosis. Treatment has proven
to be challenging, but recent reports documented positive outcomes following an administration of
high-dose cyclophosphamide (4). Here we describe the case of a 26-year-old Marburg MS patient
initially presenting with symptoms of a bilateral optic neuritis and no further abnormalities upon
examination. In this case, we successfully used ocrelizumab as a maintenance therapy following
a high-dose cyclophosphamide induction protocol and monitored the therapy response by serum
neurofilament light chain (NfL) levels.
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CASE PRESENTATION

While LCVA yielded a score of 0 bilaterally, OCT was now
possible, showing a normal peripapillary retinal nerve fiber
layer thickness in both eyes (right: 102 µm; left: 103 µm).
The patient was scheduled for ocrelizumab therapy within
the following 2 weeks and discharged. Regarding other
therapeutic options, we decided against alemtuzumab due to her
known diagnosis of hypothyroidism. Moreover, the patient was
opposed to natalizumab treatment due to concerns regarding
progressive multifocal leukoencephalopathy even though she had
a negative anti-John–Cunningham virus antibody titer. 1 day
after discharge, the patient received the 13-valent pneumococcal
conjugate vaccine in preparation for the planned ocrelizumab
treatment. Within the next 5 days (i.e., ca. 1 month after
the initial symptoms), she experienced a second relapse and
was re-admitted to our hospital with a newly developed left
spastic hemiplegia and progressive loss of vigilance. MRI
revealed a fulminant progression of the lesion load and
Gad enhancement with now more than 100 Gad-enhancing
lesions (Figure 1B). CSF analysis prior to the following therapy
showed a shift to a lymphogranulocytic pleocytosis. Serum
NfL was 340 pg/ml as measured by ELISA (Figure 1G). After
exclusion of an infectious etiology, a course of intravenous
high-dosage corticosteroid (2,000 mg/day for 3 consecutive
days) was administered. On the second day of corticosteroid
therapy, the patient was started on an additional high-dose
cyclophosphamide (HiCy) therapy for 4 consecutive days with 50
mg/kg/day, reaching a cumulative absolute dose of 14 g. Shortly
after this combined therapy, serum NfL peaked at 833 pg/ml.
3 days after HiCy therapy, stem cells were mobilized with
6 mg granulocyte-colony stimulating factor. As expected, blood
analysis revealed leukopenia and lymphopenia immediately
after HiCy treatment. A recovery of the leukocytic population
was observed at 10 days later. Circa 3 days after the last
dose of cyclophosphamide, we observed both clinical and
radiological improvement. While the total lesion load was
stable, only 16 lesions were still active (Figure 1C). Peripheral
CD34-positive hematopoietic stem cells (HSC) were harvested
by leukapheresis 3 weeks later and cryopreserved for future
transplantation, if needed. The patient was discharged with mild
residual neurological deficits and was closely monitored both
clinically and radiologically (Figures 1D–F). Serum NfL levels
slowly decreased over the course of 10 weeks to 566 pg/ml.

A 26-year-old female patient without a history of neurological
symptoms presented to our hospital with bilateral optic
neuritis which had gradually developed within 5 days prior to
admission. Other than hypothyreosis, her past medical history
was unremarkable. The patient complained of mainly leftsided bilateral blurred vision, reduced color discrimination, and
pain with eye movement. Visual acuity was impaired on both
eyes (left: 20/80; right: 20/40). Ophthalmological examination
yielded no retinal abnormalities, but optic coherence tomography
(OCT) was not possible as the patient was unable to
focus appropriately. She was unable to read letters bilaterally
during low-contrast visual acuity (LCVA) testing using 2.5%
low-contrast Snellen charts. Visual evoked potentials (VEPs)
yielded no response for the left eye, while P100 latencies
for the right eye were pathologically increased to 139.5 ms.
At admission, neurological examination revealed no further
abnormalities. Cerebrospinal fluid (CSF) analysis 9 days after
the first occurrence of symptoms revealed a lymphomonocytic
pleocytosis of 72/µl with positive oligoclonal bands (OCBs) and
intrathecal IgM synthesis. The MRZ reaction (MRZR), antiAQP4, and anti-MOG antibodies as well as vasculitis screening
and virological/microbiological analyses were all negative (see
Table 1). 1 day later, intravenous corticosteroids (1,000 mg/day
for five consecutive days) were initiated, and on the following
day, numerous supra- and infratentorial gadolinium (Gad)enhancing and non-enhancing T2w as well as two Gadenhancing spinal lesions consistent with the diagnosis of multiple
sclerosis (MS) were seen on MRI (Figure 1A). In detail, there
was Gad enhancement in both optic nerves, more than 35
dot-shaped Gad-enhancing juxtacortical/periventricular lesions
with typical Dawson’s finger configuration, and more than 12
active infratentorial lesions. Due to the typical presentation
and the above-described paraclinical findings, we dispensed
with further imaging such as magnetic resonance spectroscopy
or positron emission tomography–computed tomography. As
intravenous steroids resulted in no clinical improvement,
five cycles of plasmapheresis and two additional cycles of
immunoadsorption were performed. Following this treatment,
her sight ameliorated subjectively as she regained the ability
to recognize outlines, but overall improvement was poor.

TABLE 1 | Laboratory characteristics and differential diagnoses.
Characteristics

Differential diagnoses

OCBs

Positive

Cranial lesions

Yes

Spinal lesions

Yes

MRZ

Negative

Anti-AQP4-IgG

Negative

Anti-MOG-IgG

Negative

Vitamin B1, B6, B12, folic acid

Normal

ANA, ANCA, ENA

Negative

ACE

16 U/l

Vitamin D

8 ng/ml

JCV-PCR

Negative

JCV titer

0

Anti-HIV 1/2 IgG

Negative

Borrelia and treponema IgG/IgM

Negative

Toxoplasmosis-PCR

Negative

Anti-HHV6 IgG

Positive

Cryptococcosis antigen

Negative

Anti-toxoplasmosis IgG/IgM

Negative

Anti-Candida antibodies

Negative

Anti-Aspergillus antibodies

Negative

Bartonella IgG/IgM

Negative

OCBs, oligoclonal bands; ANA, antinuclear antibodies; ANCA, anti-neutrophil cytoplasmatic antibodies; ENA, extractable nuclear antigen antibodies; ACE, angiotensin-converting
enzyme; JCV, John–Cunningham virus.
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FIGURE 1 | MRI and serological monitoring of the disease course. (A–F) Sagittal FLAIR and axial T1 gadolinium (Gad) sequences. (A) Numerous lesions with Gad
enhancement at first admission. (B) MRI at re-admission showing more than 100 Gad-enhancing lesions. (C) Decrease of lesion load 7 days after the first dose of
cyclophosphamide. (D) Further decrease of lesion load mirroring clinical remission at 15 days and (E) at 30 days. (F) At 44 days after cyclophosphamide treatment,
no more Gad enhancement was detectable. (G) Leukocyte and lymphocyte count as well as serological neurofilament light chain levels during treatment.

stable without any relapses. The only residual symptom was a
slightly impaired visual acuity (left: 20/30; right: 20/30). The
VEP P100 latencies had returned to normal (right, 110 ms;
left, 109 ms).

9 weeks after the HiCy treatment, maintenance therapy with
ocrelizumab was initiated following standard dosing (i.e., loading
with 300 mg i.v. twice within 2 weeks and 600 mg i.v. as
maintenance). 6 months later, the patient was still clinically
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DISCUSSION

days but may take up to 3 months to reach its maximal effect.
However, upon consultation with the patient, we decided to
use it as a maintenance therapy due to her concerns described
above. With regard to disease biomarkers, serum NfL levels in
MS reflect ongoing disease activity and correlate with worsening
of disability, lesion load (16), and risk for relapses. Accordingly,
we found a rapid increase of NfL levels in our patient which
doubled within a period of 7 days, reflecting the fulminant disease
course. On the other hand, our data suggest that NfL may also be
a suitable tool to monitor therapy response in Marburg MS, as
we found it to steadily decrease following the HiCy treatment.
To our knowledge, this is the first case of Marburg MS where
data on this serological biomarker of CNS damage were collected
during disease and recovery. Another interesting feature of our
case was that, while we found positive OCBs, the MRZ reaction
was negative. In MS, the MRZR, a polyspecific antiviral immune
response against measles, rubella, and varicella zoster virus has a
specificity of ∼97% (17). Unfortunately, the majority of the other
Marburg MS case reports did not include information on this
laboratory marker so that, at present, its significance in Marburg
MS remains unclear. Lastly, it is an important feature of this case
that the severe disease reactivation occurred shortly after antipneumococcus vaccination. Of note is that there have been recent
studies describing a worsening of MS after the administration
of live attenuated vaccines like yellow fever (18), but inactivated
vaccines, like pneumococcal vaccination, are usually considered
safe regarding MS activity. In summary, we trust that this report
will contribute to a more successful management of Marburg MS.

The initial manifestation of MS in our patient raised several red
flags, suggesting a severe disease course, such as persisting and
disabling symptoms, almost no recovery after the first steroid
pulse, and a high lesion load at baseline, including spinal and
infratentorial Gad-enhancing lesions. In addition, intrathecal
IgM synthesis is associated with an unfavorable prognosis (5).
Thus, following an acute relapse treatment, we aimed at a highly
effective immunodepletion therapy with ocrelizumab. However,
when the mostly fatal Marburg variant of MS became evident,
we were forced to take a more aggressive therapeutic approach.
This decision was made since, of the 28 cases documented
in the literature, only 11 (39%) survived, of whom only two
(18%) had a favorable outcome. Of note is that the Marburg
MS is still poorly defined as an MS variant in its own right as
demonstrated by the heterogeneous nomenclature found in the
literature (e.g., malign MS, acute fulminant MS, acute malignant
MS, rapidly progressive MS, etc.). As a result, the clinician is
faced with uncertainty regarding the potential transferability of
previous therapeutic approaches. While there are cases in which
mitoxantrone or alemtuzumab were successfully applied (6, 7),
we advocate the use of cyclophosphamide as this agent not only
effectively targets immune cells but also mobilizes HSC. These
can then be harvested for later therapeutic use in the form
of autologous hematopoietic stem cell transplantation, which
has proven to be a potent therapy for highly active relapsing–
remitting MS (8) and might therefore be effective as a longterm therapy in Marburg MS as well. Furthermore, following
the high-dose cyclophosphamide protocol of Krishnan et al.
(4) and using ocrelizumab as a maintenance therapy, we were
able to prevent permanent disability and to achieve an almost
complete clinical and drastic radiological improvement. As most
other reported cases were fatal, this will provide the unique
opportunity to monitor the long-term disease course. Regarding
the pharmacodynamics of our treatment, we did not measure
the cyclophosphamide levels in our patient. However, a case
series of seven patients from 1,983 compared cyclophosphamide
levels in the serum and CSF of MS patients following oral
administration and showed identical levels, which demonstrated
the high CNS penetration of this medication (9). As our patient
had a reduced level of consciousness, we decided for intravenous
administration. So far, there have been two case reports with
favorable outcomes using the protocol that we applied (4, 10).
Of note is that the cyclophosphamide treatment was primarily
intended as a rescue therapy for the fulminant disease course
and not as a means of stem cell mobilization. In general, the
doses needed for effective immunosuppression are far higher
than those required for stem cell mobilization (11). Beyond the
Marburg MS cases, the dose that we applied was also evaluated
in refractory MS patients (12). Regarding side effects, high doses
of cyclophosphamide can induce hemorrhagic cystitis, hepatic
damage, and cardiac necrosis (13) as well as infertility and
ovarian endocrine failure (14). However, neither during the
acute treatment phase nor during follow-up for 6 months were
any of these side effects observed. Concerning ocrelizumab, this
medication depletes CD20-positive B and T cells (15) within

Frontiers in Neurology | www.frontiersin.org

CONCLUSION
In this case, we were able to prevent permanent disability and
to achieve an almost complete clinical and drastic radiological
improvement using ocrelizumab as a maintenance therapy
following the high-dose cyclophosphamide protocol of Krishnan
et al. NfL may be a suitable tool to monitor therapy response in
Marburg MS.
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