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Abstract  

 

This study aims to evaluate the therapeutic management of patients with multiple 

sclerosis, focusing on the clinical use, efficacy, and safety of monoclonal antibodies 

(Natalizumab, Rituximab, and Ocrelizumab) in a real-world hospital setting. 

A retrospective descriptive study was conducted on a group of patients diagnosed with 

multiple sclerosis and followed at the Neurology Department of CHU Frantz Fanon in Blida. 

Data collection included patient demographics, clinical forms of MS, annual relapse rate 

,Expanded Disability Status Scale (EDSS) scores, and MRI findings. Therapeutic data related 

to the initiation, duration, and type of monoclonal antibody used were also recorded. In addition, 

patient tolerance, side effects, and adherence to treatment protocols were evaluated through 

clinical monitoring and medical records, following national and international therapeutic 

recommendations. 

A total of 55 patients were included. The majority were women (81.8%) and aged 

between 31 and 40 years. Treatment with monoclonal antibodies showed significant reductions 

in ARR and stabilization or improvement in EDSS scores and MRI lesion load. Natalizumab 

was effective but required careful JC virus monitoring. Rituximab offered a cost-effective and 

well-tolerated alternative, while Ocrelizumab showed high efficacy and tolerability. Most 

patients reported good adherence, and adverse effects were generally mild and manageable. The 

study also revealed the socio-economic impact of MS, particularly unemployment among 

patients. 

 

Key words: Multiple sclerosis, monoclonal antibodies, Natalizumab, Rituximab, Ocrelizumab, 

EDSS, ARR. 

 

 



Résumé  

 

Cette étude vise à évaluer la prise en charge thérapeutique des patients atteints de sclérose 

en plaques, en mettant l’accent sur l’utilisation clinique, l’efficacité et la tolérance des anticorps 

monoclonaux (Natalizumab, Rituximab et Ocrelizumab) en milieu hospitalier. 

Une étude descriptive rétrospective a été menée auprès d’un groupe de patients 

diagnostiqués avec une sclérose en plaques et suivis au service de neurologie du CHU Frantz 

Fanon de Blida. La collecte des données a porté sur les caractéristiques démographiques, les 

formes cliniques de la maladie, le taux annuel de rechutes ,le score EDSS, ainsi que les résultats 

d’IRM. Les données thérapeutiques concernaient le type, la durée et le moment d’initiation du 

traitement par anticorps monoclonaux. La tolérance, les effets indésirables et l’adhésion 

thérapeutique ont également été évalués à partir du suivi clinique et des dossiers médicaux, selon 

les recommandations thérapeutiques nationales et internationales. 

Au total, 55 patients ont été inclus. La majorité étaient des femmes (81,8 %), âgées de 31 

à 40 ans. Le traitement par anticorps monoclonaux a permis une réduction significative du taux de 

rechutes et une stabilisation, voire une amélioration, des scores EDSS et de la charge lésionnelle à 

l’IRM. Le Natalizumab a montré une efficacité notable mais nécessitait une surveillance stricte du 

virus JC. Le Rituximab a été bien toléré et constitue une alternative économique, tandis que 

l’Ocrelizumab a montré une efficacité et une tolérance élevées. L’adhésion au traitement a été 

bonne dans l’ensemble, avec peu d’effets secondaires graves signalés. L’étude a également mis en 

évidence l’impact socioéconomique de la maladie, notamment sur l’emploi. 

 

Mots-clés : Sclérose en plaques, anticorps monoclonaux, Natalizumab, Rituximab, Ocrelizumab, 

EDSS, ARR. 



 

 ملخص

ذٓذف ْزِ انذساعح إنٗ ذقٛٛى انشػاٚح انؼلاجٛح انًقذيح نهًشظٗ انًصاتٍٛ تانرصهة انًرؼذد، يغ انرشكٛض ػهٗ الاعرخذاو انغشٚش٘، 

. ٙ (Natalizumab ،Rituximab ٔOcrelizumab)  انفؼانٛح، ٔذحًم الأجغاو انًعادج أحادٚح انُغٛهح  فٙ انٕعػ الاعرشفائ

ذى إجشاء دساعح ٔصفٛح اعرؼادٚح ػهٗ يجًٕػح يٍ انًشظٗ انًشخّصٍٛ تانرصهة انًرؼذد ٔانًراتؼٍٛ ػهٗ يغرٕٖ يصهحح غة 

شًهد ػًهٛح جًغ انثٛاَاخ انخصائص انذًٕٚؿشافٛح، الأشكال انغشٚشٚح نهًشض، . فشاَرض فإٌَ تانثهٛذج CHU الأػصاب فٙ يغرشفٗ

أيا  .(IRM) ، تالإظافح إنٗ َرائج انرصٕٚش تانشٍَٛ انًـُاغٛغٙ(EDSS) ، يؤشش الإػاقح انؼصثٛح(ARR) يؼذل الاَركاعاخ انغُٕ٘

كًا ذى ذقٛٛى يذٖ انرحًم، اٜشاس . انثٛاَاخ انؼلاجٛح فقذ ذُأند َٕع انؼلاج، يذذّ، ٔذاسٚخ تذء اعرخذاو الأجغاو انًعادج أحادٚح انُغٛهح

 انجاَثٛح، ٔالانرضاو تانؼلاج يٍ خلال انًراتؼح انغشٚشٚح ٔانًهفاخ انطثٛح، ٔفقاً نهرٕصٛاخ انؼلاجٛح انٕغُٛح ٔانذٔنٛح

  :النتائج والمناقشة

 31، ٔذرشأح أػًاس يؼظًٓى تٍٛ %81.8كاَد انـانثٛح يٍ الإَاز تُغثح .  يشٚعًا يصاتاً تًشض انرصهة انًرؼذد55شًهد انذساعح 

أظٓشخ َرائج انؼلاج تاعرخذاو الأجغاو انًعادج أحادٚح انُغٛهح.  عُح40ٔ  (Natalizumab ،Rituximab ،Ocrelizumab)  فؼانٛح

، إنٗ جاَة اَخفاض فٙ (EDSS) ، ٔذحغٍٛ أٔ اعرقشاس دسجاخ الإػاقح انؼصثٛح(ARR) يهحٕظح فٙ ذقهٛم يؼذل الاَركاعاخ انغُٕ٘

 .(IRM) ػذد ٔذطٕس اٜفاخ انظاْشج فٙ انرصٕٚش تانشٍَٛ انًـُاغٛغٙ

، نرفاد٘ خطش الإصاتح JC فؼانٛح كثٛشج، نكُّ ذطهة يشاقثح يُرظًح نًغرٕٖ الأجغاو انًعادج نفٛشٔط Natalizumab أشثد دٔاء

، فقذ ٔفش خٛاسًا ػلاجٛاً فؼاّلًا ٔأقم ذكهفح، يغ يغرٕٖ جٛذ يٍ Rituximab أيا .(PML) تاػرلال تٛعاء انذياؽ يرؼذد انثؤس انرقذيٙ

ٔأظٓش. انرحًم نذٖ انًشظٗ، سؿى اعرخذايّ خاسج انرٕصٛاخ انشعًٛح فٙ تؼط انحالاخ  Ocrelizumab  ٍتذٔسِ َرائج قٕٚح ي

م يًراص ٔآشاس جاَثٛح قهٛهح ًّ  حٛس ذقهٛم َشاغ انًشض ٔذحغٍ الاعرجاتح انغشٚشٚح، يغ ذح

كًا تُٛد انذساعح أٌ انرضاو انًشظٗ تانثشٔذٕكٕلاخ انؼلاجٛح كاٌ يشظٛاً إنٗ حذ كثٛش، ٔأٌ اٜشاس انجاَثٛح انًثهؾ ػُٓا كاَد غفٛفح 

تالإظافح . إنٗ يؼرذنح فٙ أؿهة انحالاخ، يًا ٚؼكظ إيكاَٛح ديج ْزِ انؼلاجاخ تشكم فؼال فٙ انًًاسعح انغشٚشٚح انٕٛيٛح فٙ انجضائش

إنٗ رنك، كشفد انُرائج ػٍ انرأشٛش الاجرًاػٙ ٔالاقرصاد٘ نهًشض، ٔخاصح اسذفاع يؼذلاخ انثطانح ٔفقذاٌ انؼًم تٍٛ انًشظٗ فٙ 

  عٍ انُشاغ

 الكلمات المفتاحية

 .EDSS ،ARRانرصهة انًرؼذد، الأجغاو انًعادج أحادٚح انُغٛهح، َاذانٛضٔياب، سٚرٕكغًٛاب، أٔكشنٛضٔياب، 
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Introduction  

      1 

                                          Introduction 

Multiple sclerosis is a chronic inflammatory disease of the central nervous system , 

characterized by demyelinating lesions, progressive neurodegeneration, and abnormal activation 

of the immune system. It is currently the leading cause of non-traumatic neurological disability 

among young adults (Absinta et al., 2021; Babbe et al., 2000). Although its exact mechanisms 

remain partially understood, it is widely accepted that a complex interaction between genetic 

susceptibility—particularly involving the HLA-DRB1*15:01 allele—and environmental factors 

such as Epstein-Barr virus (EBV) infection, vitamin D deficiency, and tobacco use plays a major 

role in triggering the autoimmune response (Zrzavy et al., 2021; Jacob et al., 2021; Ascherio & 

Munger, 2015; Mahad et al., 2015; Maric et al., 2021). 

To understand the impact of multiple sclerosis, it is essential to briefly consider the 

structure and function of the nervous system. The nervous system is one of the most complex and 

vital systems in the human body, responsible for coordinating and regulating bodily functions such 

as movement, sensation, cognition, and emotional responses. It is composed of two main parts: the 

central nervous system (brain and spinal cord) and the peripheral nervous system, which connects 

the CNS to limbs and organs (Betts et al., 2022; Thau et al., 2022). Neurons are the functional 

units of the nervous system, transmitting electrical and chemical signals throughout the body, and 

are supported by glial cells , which maintain the structural and metabolic integrity of neural tissue 

(StatPearls, 2022; Jessen & Mirsky, 2024). 

In MS, the immune system mistakenly attacks the protective myelin sheath that surrounds 

axons in the CNS. This disruption impairs nerve impulse transmission, leading to a wide array of 

neurological symptoms such as muscle weakness, sensory disturbances, coordination problems, 

visual impairment, and cognitive dysfunction (Dendrou et al., 2015; Lassmann, 2018; Serafini, 

2016). Over time, this damage can become irreversible, resulting in progressive disability and a 

marked decline in the patient’s quality of life (Babbe et al., 2000; Cavallo, 2020). 

Although MS currently has no definitive cure, therapeutic strategies have significantly 

evolved. The treatment approach includes high-dose corticosteroids for acute relapses, disease-

modifying therapies to reduce disease activity, and the use of monoclonal antibodies such as 
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Natalizumab, Rituximab, and Ocrelizumab. These biological agents have demonstrated significant 

efficacy in reducing relapse rates, slowing disability progression, and improving MRI outcomes 

in relapsing forms of MS (Michel, 2016; Edan & Le Page, 2013; Kesselring & Kesselring, 

2020; Gray et al., 2020; Bouzid et al., 2012). However, their long-term use raises questions 

regarding safety, cost, accessibility, and the need for individualized treatment strategies. 

This research aims to evaluate the therapeutic management of MS in patients followed at 

the Neurology Department of Frantz Fanon University Hospital in Blida, with a particular focus 

on the use of monoclonal antibodies, which currently represent a key therapeutic option in active 

forms of the disease. These therapies have shown promising results in reducing relapse frequency, 

delaying progression, and improving clinical and radiological outcomes.  

In addition, the study aims to describe the sociodemographic and clinical characteristics of 

the affected patients, identify the types of treatments used (including DMTs, symptomatic 

treatments, and relapse management strategies). It also seeks to evaluate drug tolerance, document 

reported side effects, and measure adherence to treatment protocols.  

 This work is presented in three chapters: 

In the first chapter, generalities and literature review on nervous system and multiple 

sclerosis are developed. 

The second describes the material used and the methods followed in patients enrollement 

and studied parameters .  

The third chapter presents the different results obtained and their discussion. Finally, a 

general conclusion closes the present study. 
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1.1. General Organization of the Nervous System  

1.1.1. Anatomy  and Functions 

The nervous system is one of the most intricate and vital systems in the human body. It 

governs perception, movement, cognition, and homeostatic regulation. Anatomically and 

functionally, it is divided into the central nervous system (CNS) which includes the brain and 

spinal cord and the peripheral nervous system (PNS), which consists of all neural structures 

outside the CNS, including peripheral nerves and ganglia (Betts et al., 2022 ; Thau et al., 

2022). 

The CNS is responsible for integrating and processing all incoming and outgoing 

information. It is enclosed and safeguarded by the skull and vertebral column. The PNS consists 

of sensory and motor pathways that link the CNS with peripheral organs, muscles, and glands 

(Betts et al., 2022 ; Thau et al., 2022). Nervous tissue in both systems includes neurons 

(NRNs), which transmit signals, and glial cells (GCs), which preserve the integrity and 

functionality of neural networks (StatPearls, 2022 ; Jessen & Mirsky, 2024). 

1.1.2. Protective Barriers of the CNS 

The brain and spinal cord are encased within three meningeal layers: the dura mater, 

arachnoid mater, and pia mater. These are suspended in cerebrospinal fluid (CSF), and the entire 

structure is further protected by the blood-brain barrier (BBB), which prevents harmful 

substances from reaching the CNS (StatPearls, 2022; Drk, 2025). 

1.1.3. Neurons: Structure and Function 

1.1.3.1. General Structure 

The neuron (NRN) is the basic structural and functional unit of the nervous system. It 

consists of a cell body (cytone) and two types of extensions: dendrites and a single axon (Betts 

et al., 2022 ; Drk, 2025). The cytoplasm, or neuroplasm (Cyt), contains a nucleus, Nissl bodies 

(NBs) involved in neurotransmitter synthesis, neurofibrils (NFs) responsible for intracellular 

transport, mitochondria, Golgi apparatus, and glycogen granules (Betts et al., 2022 ; Drk, 

2025). All these elements are enclosed within the plasma membrane (PM) (Figure 1). 
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Figure 1: Diagram showing the basic structure of a neuron (Baecher-Allan et al., 2018). 

1.1.3.2. Axons and Dendrites functions 

 Axons conduct impulses away from the cell body toward the synapse. 

 Dendrites receive stimuli and transmit them toward the cell body. 

Axons are often covered in a myelin sheath, which enhances signal transmission (Drk, 

2025 ; Varatharaj & Galea, 2020). 

1.1.3.3. Classification of Nerve Fibers 

 Myelinated Nerve Fibers with Schwann Sheath  

These fibers are located in peripheral nerves. The axon is wrapped in a myelin sheath 

formed by Schwann cells (SCs). The myelin segments are separated by nodes of Ranvier (NR), 

allowing saltatory conduction, which accelerates impulse transmission (Jessen & Mirsky, 

2024 ; Varatharaj & Galea, 2020). 

 Myelinated Nerve Fibers without Schwann Sheath  

In the CNS, oligodendrocytes (OLs) produce myelin for multiple axons 

fsimultaneously. Unlike SCs, each OLs extends several processes to wrap different axons, and 

no Schwann sheath is present (AP News, 2023 ; Jessen & Mirsky, 2024). 

 Unmyelinated Fibers with Schwann cells 

These fibers are typically found in the autonomic nervous system. Although not 

myelinated, axons are surrounded by SCs, which provide structural and metabolic support 

(Jessen & Mirsky, 2024). 
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 Unmyelinated Fibers without Schwann cells 

Located in the gray matter of the CNS, these axons lack both SCs and myelin, relying 

on the surrounding GCs for support (StatPearls, 2022 ; Perea et al., 2022). 

1.1.3.4. Schwann Cells and the Schwann Sheath 

The SCs are glial cells in the PNS that play key roles in both myelinated and 

unmyelinated nerve fibers. In myelinated fibers, SCs wrap their PM around the axon multiple 

times, forming compact layers known as the myelin sheath (Figure 2). The outermost layer 

forms the Schwann sheath (neurilemma), essential for axonal regeneration (Jessen & Mirsky, 

2024 ; Varatharaj & Galea, 2020 ; AP News, 2023) 

Following nerve injury, SCs undergo differentiation, proliferate, and produce 

neurotrophic factors that promote axonal regrowth and remyelination (Jessen & Mirsky, 2024 

; AP News, 2023). 

 

Figure 2: Axon Structure with Oligodendrocyte and Myelin Sheath (Varatharaj & Galea, 

2020). 

1.1.4. Glial Cells (Neuroglia) 

The GCs are non-neuronal cells that perform various support functions in the nervous 

system (Figure 3): 

 Astrocytes: Maintain the BBB and regulate the extracellular ionic balance (StatPearls, 

2022; Perea et al., 2022). 

 Oligodendrocytes : Myelinate CNS axons (Jessen & Mirsky, 2024 ; AP News, 2023). 
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 Microglia: Act as immune effector cells (Perea & Araque, 2022 ; Varatharaj & 

Galea, 2020). 

 Ependymal cells: Line the ventricles and produce CSF (Betts et al., 2022 ; Monk et 

al., 2021). 

 Schwann Cells: Myelinate or support PNS axons (Jessen & Mirsky, 2024 ; 

Varatharaj & Galea, 2020). 

 

 

Figure 3: Glial Cells of the CNS The CNS has astrocytes, oligodendrocytes, microglia, and 

ependymal cells that support the neurons of the CNS in several ways (Jessen & Mirsky, 

2024). 

1.2. Multiple sclerosis 

1.2.1. Definition 

Multiple sclerosis (MS) is a chronic neurological disease associated with CNS 

inflammation and neurodegeneration mediated by the adaptive and innate arms of an 

unregulated immune response (Serafini, 2016; scherio & Munger, 2015). MS pathology is 

characterized by well-demarked inflammatory infiltrates, breakdown of myelin sheaths, 

microglia activation, proliferation of astrocytes and gliosis, and variable grades of axonal 
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degeneration linked to oxidative stress and mitochondrial injury (Babbe et al., 2000; Absinta  

et al., 2021). Demyelinated lesions are disseminated through the CNS, involving both the white 

and gray matter. MS is a common cause of progressive neurological deficits in young adults, 

but disease expression is heterogeneous, varying from a mild illness to a rapidly evolving, 

incapacitating disease requiring profound lifestyle adjustments. 

1.2.2. Genetic factors and hereditary susceptibility 

MS is not considered a hereditary disease in the traditional Mendelian sense. Unlike 

single-gene disorders such as cystic fibrosis, MS does not follow a dominant or recessive 

inheritance pattern. There is no single defective gene that causes the disease to be passed 

directly from one generation to the next. Rather, MS is a polygenic condition in which multiple 

genes contribute to disease susceptibility without necessarily involving pathogenic mutations. 

These genetic variants often exist as common polymorphisms in the general population. 

However, when combined with certain environmental factors, they can significantly increase 

the risk of developing MS. This interaction is why MS is described as a result of genetic 

susceptibility interacting with environmental triggers, which are often more difficult to quantify 

(Zrzavy  et al., 2021). 

The HLA-DRB1*15:01 allele, located in the human leukocyte antigen (HLA) region, is 

the strongest known genetic risk factor for MS. Individuals who carry this allele have a 3-fold 

higher risk of developing the disease(Zrzavy  et al., 2021; Maric  et al., 2021). In addition, 

genome-wide association studies (GWAS) have identified over 200 non-HLA loci associated 

with MS, each contributing modestly to the overall risk (Mahad et al., 2015). 

Statistical data also reveal the influence of genetics in familial clustering. For example, 

the risk of developing MS is approximately 20–30% in monozygotic (identical) twins if one 

sibling is affected. This figure drops to around 3–5% for siblings or children of someone with 

MS (Mahad et al., 2015).If MS were a purely genetic disease, the concordance rate among 

identical twins would approach 100%, but the lower percentage underscores the importance of 

non-genetic factors in disease development (Figure 4). 
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Finally, MS is known to affect women two to three times more often than men. This 

disparity may be partially explained by X-linked genetic variants and hormonal influences, 

which modulate immune responses and disease susceptibility (Kuhlmann, 2017). 

 

Figure 4: Risk of developing multiple sclerosis according to degree of genetic relatedness 

with an affected individual (Pellegrini  et al., 2020). 

1.2.3. Environmental factors  

1.2.3.1. Viral infections  

Viral infections have long been suspected of playing a triggering role in the 

development of MS, particularly in genetically predisposed individuals. Among these, the 

Epstein-Barr virus (EBV) shows the strongest association. Virtually all patients with MS are 

seropositive for EBV, and recent longitudinal studies have shown that EBV infection often 

precedes the onset of the disease by several years, suggesting a possible causal link (Babbe et 

al., 2000 ). Other viruses, such as human herpesviruses 6 (HHV-6), 8 (HHV-8), herpes simplex 

viruses (HSV-1 and HSV-2) (scherio & Munger, 2015), and the measles virus, have also been 

studied, but their associations with MS remain less well established and sometimes 

controversial (Lassmann, 2018). 

Two main mechanisms have been proposed to explain the involvement of viruses in 

MS: The non-specific activation of autoreactive T lymphocytes by pro-inflammatory cytokines 

produced during infection. 

Molecular mimicry, in which viral peptides share similarities with central nervous system 

antigens, Therapy inducing a cross-reactive autoimmune response  (Absinta  et al., 2021). 
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1.2.3.2. The Role of Vitamin D in multiple sclerosis 

A growing body of research has demonstrated a strong association between vitamin D 

levels and the risk of developing MS (Figure 5). Ultraviolet (UV) radiation from sunlight 

stimulates cutaneous synthesis of vitamin D, which has been shown to exert 

immunomodulatory effects that may protect against autoimmune diseases, including MS 

(Jacob  et al., 2021). 

Vitamin D interacts with the immune system through its nuclear receptor (VDR), which 

is expressed on dendritic cells, T lymphocytes, B lymphocytes, and within the CNS. Through 

these interactions, vitamin D downregulates the expression of major histocompatibility 

complex class II (MHC-II) molecules and co-stimulatory molecules such as CD40, CD80, and 

CD86 on antigen-presenting cells. Additionally, vitamin D suppresses the differentiation of 

naive T cells into pro-inflammatory Th1 and Th17 subtypes, reduces the production of 

cytokines like IFN-γ, IL-17, IL-12, and IL-23, and promotes the expansion of regulatory T cells 

and the anti-inflammatory cytokine IL-10 (Dendrou et al., 2015;Lassmann, 2018). 

 

Figure 5: Vitamin D Metabolism and Its Immunomodulatory Effects in MS (Jacob  et al., 

2021) 

1.2.3.3. Smoking Role of in multiple sclerosis 

Tobacco smoking has been strongly implicated in increasing both the risk of developing MS 

and accelerating its progression. The underlying mechanisms remain multifactorial and 

complex due to the presence of over a thousand chemical compounds in tobacco smoke. 
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Nicotine, one of its primary components, is thought to increase the permeability of the BBB, 

thereby facilitating the infiltration of autoreactive lymphocytes and myelin-toxic agents into the 

CNS (Anonymous, 2023). 

Furthermore, nicotine can stimulate the endogenous production of nitric oxide (NO), a reactive 

molecule associated with axonal degeneration. In parallel, cyanide derivatives produced during 

tobacco combustion may contribute to the demyelination process by directly damaging 

oligodendrocytes and the myelin sheath (Anonymous, 2023). 

 

1.2.4. Pathophysiological Mechanisms in multiple sclerosis 

The MS is  driven by a complex interplay of genetic and environmental factors that lead 

to an aberrant immune response targeting components of the CNS, especially myelin. 

Autoreactive CD4⁺ T-cells primarily of the Th1 and Th17 lineages are activated in the periphery 

by APCs presenting myelin peptides via MHC class II molecules (Figure 6). These activated 

T-cells migrate across a permeabilized BBB and become reactivated by CNS-resident APCs 

such as microglia and astrocytes, initiating a robust neuroinflammatory cascade (Dendrou  et 

al., 2015; Lassmann, 2018). 

Within the CNS, these T-cells secrete pro-inflammatory cytokines including IFN-γ, IL-

17, and TNF-α, which amplify local inflammation and recruit additional immune cells such as 

macrophages and microglia. These cells contribute to demyelination and axonal injury through 

the release of ROS, nitric oxide, and proteolytic enzymes (Dendrouet et al., 2015). 

Simultaneously, the failure of Tregs and reduced IL-10 signaling impair immune regulation, 

favoring disease progression (Lassmann, 2018). 

B-cells are also central to MS pathophysiology. They act as APCs, secrete inflammatory 

cytokines, and produce autoantibodies against myelin components like MOG, MBP, PLP, and 

MAG. The presence of oligoclonal IgG bands in CSF a hallmark of MS is evidence of 

intrathecal B-cell activation (Serafini, 2016). Moreover, B-cells can form ectopic germinal 

centers within the meninges, maintaining chronic inflammation and correlating with cortical 

demyelination and worse clinical outcomes (Babbe et al., 2000 ). 

In addition, CD8⁺ cytotoxic T-cells contribute to axonal damage via direct cytotoxicity, 

particularly in progressive disease forms (Babbe et al., 2000 ). Emerging evidence also 

implicates EBV in MS pathogenesis. Infected B-cells may express cross-reactive antigens such 
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as EBNA1, triggering activation of autoreactive T-cells through molecular mimicry (scherio & 

Munger, 2015). 

 

Figure 6: Migration and Effector Function of T Cells in the CNS (Cavallo, 2020). 

The pathophysiology of the disease occurs in four main stages, as detailed below: 

 Initial Demyelination 

o Mild myelin sheath damage (axons initially spared) slows and disrupts nerve conduction. 

o Immune mechanism: Autoreactive CD4⁺ T-cells (Th1/Th17), activated peripherally by 

myelin peptides presented via MHC-II, cross a compromised BBB. Reactivated by CNS APCs 

(microglia/astrocytes), they secrete pro-inflammatory cytokines (IFN-γ, IL-17, TNF-α), 

recruiting macrophages/microglia that exacerbate demyelination via ROS, nitric oxide, and 

proteases (Dendrou  et al., 2015;Lassmann, 2018). 

 Remyelination (Reversible Phase) 

o Oligodendrocytes attempt repair, but remyelination is often incomplete, leaving scars. 

o Immune dysregulation: Impaired Treg function and reduced IL-10 weaken suppression of 

inflammation, though partial recovery may occur post-relapse (Lassmann, 2018). 
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 Chronic Demyelination (Worsening) 

o Persistent inflammation further degrades myelin, severely disrupting nerve conduction. 

o B-cell involvement: B-cells amplify damage by acting as APCs, secreting cytokines, and 

producing autoantibodies (e.g., anti-MOG/MBP). Oligoclonal IgG bands in CSF reflect 

intrathecal antibody production (Serafini, 2016). Ectopic meningeal germinal centers sustain 

inflammation, linked to cortical demyelination (Babbe  et al., 2000 ). 

 Axonal Degeneration (Irreversible Disability) 

o Chronic inflammation leads to axonal transection and neuronal loss, driven by: 

 CD8⁺ T-cell cytotoxicity (progressive forms) (Babbe  et al., 2000 ). 

 EBV molecular mimicry: Cross-reactive EBNA1 antigens may perpetuate autoimmunity 

(scherio & Munger, 2015). 

o Failed remyelination and cumulative axonal damage result in permanent deficits. 

1.2.5. Clinical Manifestations of multiple sclerosis 

The MS is a chronic inflammatory disease of the CNS marked by demyelination and 

axonal degeneration. Its clinical presentation is highly variable and depends on the location and 

extent of lesions. 

 Motor symptoms: Patients commonly experience muscle weakness, spasticity, and 

impaired coordination, which can result in gait disturbances and postural instability. 

 Sensory disturbances: Paresthesia (tingling), numbness, and neuropathic pain are 

frequently reported, reflecting involvement of sensory pathways. 

 Visual disturbances: Optic neuritis (NORB) is one of the earliest and most frequent 

symptoms, characterized by painful, unilateral vision loss. Other oculomotor symptoms 

may include diplopia, nystagmus, and internuclear ophthalmoplegia due to brainstem or 

cerebellar lesions. 
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 Cognitive and affective changes: Many patients exhibit memory impairment, reduced 

attention span, executive dysfunction, and emotional disturbances such as depression 

and anxiety. 

 Fatigue: Fatigue is reported in up to 80% of MS patients and is often one of the most 

debilitating symptoms. It may occur independently of physical activity and can worsen 

with heat or stress. 

 Bladder, bowel, and sexual dysfunction: Urinary urgency, incontinence, constipation, 

and sexual dysfunction (e.g., erectile dysfunction in men, reduced libido in women) are 

common due to spinal cord involvement. 

 Vertigo and balance issues: Lesions in the cerebellum and vestibular pathways can 

cause vertigo, ataxia, and coordination problems. 

 Cranial nerve involvement: MS can affect multiple cranial nerves, leading to 

dysarthria, dysphagia, trigeminal neuralgia, and even auditory symptoms. 

 Cerebellar involvement: Damage to the cerebellum manifests as ataxia, intention 

tremor, dysmetria, and scanning speech (dysarthria) (Larousse, 2020). 

1.2.6. Clinical Forms and Prognosis of multiple sclerosis 

The MS presents in different clinical subtypes. The most common is Relapsing-

Remitting MS (RRMS), accounting for approximately 85% of initial diagnoses, and is 

characterized by episodes of neurological dysfunction (relapses) followed by periods of 

remission. Over time, many RRMS patients evolve into Secondary Progressive MS (SPMS), 

defined by gradual neurological deterioration independent of relapses. In contrast, Primary 

Progressive MS (PPMS) affects about 10–15% of patients and involves continuous worsening 

from onset without distinct relapses. A less common subtype, Progressive-Relapsing MS 

(PRMS), features steady progression combined with occasional acute exacerbations (Lublin et 

al., 2014). 

The prognosis in MS is influenced by several factors, including age at onset, initial 

symptomatology, relapse rate, and early treatment response. Earlier onset (typically before age 

40), female sex, and initial sensory rather than motor or cerebellar symptoms are generally 

linked to a more favorable prognosis (Confavreux & Vukusic, 2006). On the other hand, high 

relapse frequency, early cerebellar involvement, or poor response to disease-modifying 

therapies are associated with faster disability accumulation (Rotstein et al.,2018). 
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1.2.7. Diagnostic of multiple sclerosis 

1.2.7.1. Magnetic Resonance Imaging (MRI) 

MRI is the most valuable paraclinical tool for diagnosing multiple sclerosis, offering 

high sensitivity in detecting demyelinating lesions. It plays a crucial role in establishing both 

the spatial and temporal dissemination of CNS lesions required by the McDonald criteria. Brain 

and spinal cord MRI should be performed as early as the first clinical event, even before a 

second relapse, to enable timely diagnosis and early initiation of treatment (Thompson, 2017). 

Modern MRI protocols include various sequences that visualize lesions in the white 

matter. T2-weighted and FLAIR (Fluid-Attenuated Inversion Recovery) sequences reveal 

hyperintense signals indicating demyelination. T1-weighted sequences, particularly after 

gadolinium injection, help identify active lesions by showing contrast enhancement, which 

indicates blood–brain barrier breakdown-a hallmark of recent inflammation (typically within 

three weeks) (Wattjes et al., 2015). 

MRI also allows classification of lesions based on their location: periventricular, 

juxtacortical, infratentorial, and spinal which supports the diagnosis of MS and helps exclude 

differential diagnoses. Serial imaging further aids in assessing disease activity and therapeutic 

response over time (Filippi  et al., 2019). 

 

Figure 7: Brain MRI of a Patient with MS (Filippi  et al., 2019). 
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(A) Axial FLAIR image: Multiple round and ovoid hyperintense lesions are visible (white 

arrows). 

(B) T1-weighted sequence post-gadolinium injection (Filippi et al., 2019) 

1.2.7.2. The CSF Analysis 

  The CSF analysis plays a critical role in diagnosing MS, especially in early disease 

stages or when MRI findings are inconclusive. CSF is obtained through lumbar puncture and 

analyzed for signs of CNS-specific inflammation. 

The hallmark of MS-related CSF abnormalities is the presence of oligoclonal IgG bands 

(OCBs), which reflect intrathecal synthesis of immunoglobulins and are found in over 90% of 

patients. An elevated IgG index may also be detected, supporting the diagnosis of MS in the 

context of compatible clinical and radiological findings (Edan, Le Page, 2013). 

In the updated 2021 revision of the McDonald diagnostic criteria, the presence of OCBs 

in CSF can substitute for demonstration of dissemination in time, thus allowing earlier diagnosis 

and prompt initiation of disease-modifying therapy (Fournier, 2017). 

1.2.7.3. Measuring MS Progression Using the EDSS Score 

Introduced by J.F. Kurtzke in 1983, the EDSS is an ordinal scale ranging from 0 to 10 

that assesses disability across eight functional systems: pyramidal, cerebellar, brainstem, 

sensory, bowel and bladder, visual, cerebral and mental functions, and other residual functions 

(Thompson, 2017). A score of 0 on the EDSS reflects a normal neurological exam (Figure 8). 

A score of 3.5 indicates moderate disability in more than one functional system (for instance, 

visual, cerebellar, sensory, bowel, bladder, etc.), while the patient can still walk any distance 

without assistance. Scores between 4.0 and 6.0 reflect increasing limitations in walking 

distance. A score of 6.0 means the patient requires one-sided assistance to walk (like a cane or 

crutch), while 6.5 means bilateral assistance is needed. Beyond a score of 7, the patient is no 

longer ambulatory. A score of 10 indicates death due to MS (Casez, 2012). 
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Figure 8: Echelle EDSS pour l'évaluation de la sclérose en plaques (Thompson, 2017). 

1.2.8. Treatment of multiple sclerosis 

There is no medication that can stop this chronic disease. Disability occurs early, and 

half of the disease course involves a dependent state. Treating a patient with MS also means 

providing care to improve their condition and manage complications throughout the disease 

progression. Symptomatic treatments constitute the majority of these therapies. Therapeutic 

efficacy is judged based on the frequency of relapses and the progression of neurological 

disability, clinically assessed using validated scales such as the EDSS (Anonymous, 2023). 

Therapeutic drug management is limited to three objectives: 

 Treatment of relapses, primarily with corticosteroids. 

 Disease-modifying therapies (DMTs), aimed at reducing and slowing relapse frequency 

without altering disease progression. Immunomodulators and immunosuppressants are the 

mainstays. 

 Symptomatic treatment, which is the final component. 

These treatments are particularly recommended for RR forms of the disease (Anonymous, 

2023;Larousse, 2020). 

1.2.8.1. Treatment of Relapses 

The standard treatment for an MS relapse involves high-dose intravenous 

corticosteroids administered over a short period. The most common regimen 

is methylprednisolone 1 g per day for 3 to 5 days. The decision to use high-dose 



Chapter 1                                                                                                       Literature review 

 17 

corticosteroids must be made by a neurologist after confirming the relapse and assessing 

treatment necessity (Morand , 2020) 

Corticosteroids act solely on the acute relapse by reducing inflammation and symptom 

severity but do not prevent future relapses (Fournier, 2017). 

Since 2016, relapses can also be treated outpatient with oral methylprednisolone (100 

mg, 10 tablets per day for 3 days). The tolerability and efficacy of oral methylprednisolone 

are nearly identical to the IV route (Morand, 2020). 

However, potential side effects must be considered, especially with prolonged use. 

Common issues include insomnia, hyperglycemia, and gastrointestinal disturbances, though 

corticosteroids are generally well-tolerated in short courses. 

1.2.8.2. Disease-Modifying Therapies (DMTs) 

These include three classes: immunomodulators, immunosuppressants, and 

monoclonal antibodies. Their primary goal is to reduce relapse frequency and slow short-

term disability progression (Table 1). Since they target inflammation, DMTs are mostly 

effective in the relapsing phase of MS (Casez, 2012 ; Depaz, 2013). 

Table 1 : Summary of DMTs  in Multiple Sclerosis . 

Class Drug Mechanism 

of Action 

Administrati

on 

Efficacy Side 

Effects 

Special Notes 

Immunomodulato

rs 

Interferon 

Beta 

Reduces T-

cell 

activation, 

BBB 

crossing; 

promotes 

Th2 shift 

IFN-β1a: 

Rebif® 

(22/44 μg SC 

3x/wk); 

Avonex® (30 

μg IM 1x/wk) 

IFN-β1b: 

Betaferon® / 

Extavia® 

(250 μg SC 

qod) 

↓ Relapse 

rate 30%, 

↓ Lesion 

progressio

n 50% 

Flu-like 

symptoms, 

headache, 

fatigue, 

liver 

enzyme 

elevation, 

cytopenias

, 

neutralizin

g Abs 

Safe in 

pregnancy 

(possible lower 

birth weight); 

used in CIS, 

RRMS, SPMS 

w/ relapses 

(Kesselring&K

esselring, 2020 ; 

Larousse, 2020) 



Chapter 1                                                                                                       Literature review 

 18 

Immunomodulato

rs 

Glatiramer 

Acetate 

Mimics 

MBP, 

induces Th2 

response 

Copaxone® 

20 mg SC 

daily 

↓ Relapse 

rate 29%, 

delays 

CIS→MS 

progressio

n 

Injection 

site 

reactions, 

rare 

systemic 

(palpitatio

ns, 

dyspnea) 

No increased 

miscarriage/malf

ormation risk 

(Kesselring&K

esselring, 2020 

;Les échelles 

d’évaluation de 

la SEP, 2020) 

 

Immunomodulato

rs 

Dimethyl 

Fumarate 

Activates 

Nrf2 

pathway, 

anti-

inflammator

y 

Oral: 

2tablets/day 

Effective 

in RRMS 

Flushing, 

GI upset, 

lymphope

nia 

Monitor 

lymphocytes 

(Tourbah, 

2008) 

 

Immunomodulato

rs 

Terifluno

mide 

Inhibits 

pyrimidine 

synthesis, 

reduces 

activated 

T/B cells 

Oral: 

1tablet/day 

Moderate 

efficacy in 

RRMS 

Hepatotox

icity, 

teratogeni

city, 

alopecia, 

neuropath

y 

Contraindicated 

in pregnancy 

(Tourbah, 

2008) 

 

Immunosuppressa

nts 

Azathiopri

ne 

Purine 

synthesis 

inhibitor, 

decreases 

lymphocyte 

proliferation 

Oral Limited 

efficacy 

Leukopeni

a, 

hepatotoxi

city, 

infection 

risk 

Rarely used 

today (Kurtzke, 

2017) 

 

Immunosuppressa

nts 

Methotrex

ate 

Folate 

antagonist, 

anti-

inflammator

y 

Oral 7.5 

mg/week (or 

intrathecal) 

Stabilizati

on in 

progressiv

e MS 

CNS 

toxicity 

(encephalo

pathy), 

hepatotoxi

city 

Monitor 

liver/CNS; off-

label (Cohen, 

2011) 

 

Immunosuppressa

nts 

Cyclophos

phamide 

DNA 

alkylating 

agent, 

cytotoxic to 

IV pulse: 

600–700 

mg/m² 

monthly 

May delay 

disability 

Nausea, 

alopecia, 

bladder 

toxicity 

Limited 

evidence, used 

in aggressive 

MS (Collège des 
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lymphocyte

s 

Enseignants de 

Neurologie, 

2016) 

Immunosuppressa

nts 

Mitoxantr

one 

Anthracycli

ne; 

suppresses 

T and B 

cells 

IV infusion Reduces 

relapse 

and 

disability 

progressio

n 

Cardiotoxi

city (max 

120 mg 

lifetime 

dose), 

infertility 

Cardiac 

monitoring 

required; 

contraindicated 

in pregnancy 

(Kesselring; 

Kesselring, 

2020) 

 

Oral herapy Fingolimo

d 

S1P 

receptor 

modulator; 

prevents 

lymphocyte 

egress from 

lymph 

nodes 

Oral Effective 

in RRMS 

Bradycard

ia, macular 

edema, 

elevated 

liver 

enzymes, 

infections 

First-dose 

monitoring 

recommended 

(Clanet, 2010) 

 Monoclonal Antibodies 

 Natalizumab 

Natalizumab (NTZ) is an immunosuppressive monoclonal antibody produced through 

mammalian cell DNA recombination technology. As the flagship drug in the class of selective 

adhesion molecule inhibitors, NTZ has demonstrated remarkable efficacy in treating RRMS 

since its approval in the United States (2004) and France (2007) (Michel, 2016). In Europe, 

TYSABRI® received restricted market authorization in 2006 for highly active RRMS, 

specifically as monotherapy for: (1) patients with inadequate response to ≥ 1 year of 

immunomodulator therapy, or (2) those experiencing ≥ 2 disabling relapses in the previous year 

accompanied by gadolinium-enhancing MRI lesions or significant T2 lesion load progression 

compared to baseline imaging (Michel, 2016; Edan & Le Page,  2013). 

 Mechanism of Action of NTZ 

NTZ is a recombinant monoclonal antibody targeting the α4 chain of adhesion 

molecules (CD49d), which forms part of two key integrins: VLA-4 (α4β1) and LPAM-1 (α4β7). 
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These integrins play distinct roles in lymphocyte trafficking-LPAM-1 mediates homing to 

gastrointestinal lymphoid tissue, while VLA-4 is critical for lymphocyte migration into 

the  CNS. By binding to VLA-4 on activated lymphocytes, NTZ blocks their interaction 

with VCAM-1 (vascular cell adhesion molecule-1) on inflamed endothelial cells, preventing 

transmigration into the CNS. This mechanism underpins its efficacy in MS and Crohn’s disease. 

(Figure 9) 

 

Figure 9: Mechanism of Action of NTZ (Edan &Le Page, 2013). 

 NTZ adverse effects 

 The key safety concerns and reported adverse effects associated with Natalizumab are 

summarized in (Table 2). 

Table 2: NTZ adverse effects. 

Category Summary 

Leukoencephalomyelopathy (LEMP) Risk 

Factors 

Positive JC virus serology, treatment 

duration > 2 years, prior 

immunosuppressant use. (Ouallet 

&Brochet , 2004) 

LEMP Mechanism Uncontrolled JC virus proliferation in 

brain; also linked to JC virus-induced 
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granulocyte cell neuropathy (NCG). 

(Ouallet & Brochet, 2004) 

Immune Reconstitution Inflammatory 

Syndrome (IRIS). 

Possible deterioration of brain function 

after LEMP treatment due to immune 

reconstitution. (Ouallet &Brochet, 2004) 

Hepatic Issues Severe liver disorders, elevated liver 

enzymes, hyperbilirubinemia reported 

(Edan & Le Page, 2013). 

 

Cancer Risk No significant difference between Tysabri 

and placebo over 2 years; long-term 

monitoring needed. (Debouverie et al., 

2007). 

Hematological Effects Increased lymphocytes, monocytes, 

eosinophils, basophils, erythroblasts; slight 

decreases in hemoglobin, hematocrit, and 

erythrocytes; normalized within 16 weeks 

post-treatment. (Vidal, 2020). 

 

 Rituximab and Ocrelizumab 

Rituximab is a chimeric anti-CD20 monoclonal antibody originally developed for 

hematologic malignancies, repurposed off-label for multiple sclerosis as a B-cell-depleting 

therapy. It binds to the CD20 antigen, inducing antibody-dependent cellular cytotoxicity 

(ADCC) and complement-mediated lysis of B-cells.  

Ocrelizumab, a humanized anti-CD20 antibody engineered for reduced 

immunogenicity, is specifically approved for multiple sclerosis. It targets the same CD20 

epitope but with optimized Fc receptor interactions to enhance B-cell depletion.  

Both agents demonstrate potent suppression of inflammatory activity in MS through 

peripheral B-cell depletion, with effects persisting for several months post-infusion. Their 

mechanisms involve indirect modulation of T-cell responses via antigen-presenting cell 

depletion and cytokine network alterations (Vidal, 2020). 
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Both rituximab and ocrelizumab target B-cells via CD20 binding but differ in key 

aspects (Table 3). 

Table 3: Comparison of Rituximab and Ocrelizumab (Bouzid et al.,      2012;Gra y et al., 

2020). 

Feature 
 

Rituximab 

 

Ocrelizumab (Ocrevus®) 

Structure Chimeric (mouse/human) Humanized 

AMM Status in MS Off-label (3rd-line) (Bouzid 

K et al 2012) 

 

Approved(1st-line 

RMS/PPMS) (Gray et al., 

2020) 

Dosing 1,000 mg IV ×2, then q6–

12mo 

600 mg IV q6mo 

Efficacy 
~50–70% relapse 

reduction (Bouzid K et 

al 2012) 

 

 

 

~50–70% relapse reduction 

(Gray et a., l 2020) 

Cost Lower (~$1,500/dose) Higher (~$6,500/dose) 

(Gray et al., 2020) 

 

1.2.8.3. Symptomatic Treatment 

This treatment aims to improve quality of life and includes: 

 Pain: Antiepileptics (gabapentin), acetaminophen (paracetamol). 

 Spasticity: Baclofen, tizanidine, botulinum toxin. 

 Bladder dysfunction: Anticholinergics (oxybutynin). 

 Fatigue: multivitamin and vitamin D 

 Tremors: Propranolol, clonazepam  (Kesselring & Kesselring, 2020). 

 Sexual dysfunction :be referred to specialists. 
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2.1. Study objectives  

The main objective of this study is to evaluate the therapeutic management of multiple 

sclerosis in patients consulting at the neurology department of Frantz Fanon University Hospital. 

Specially, the use of biological therapies (monoclonal antibodies) in the treatment protocol of 

MS. 

Secondary Objectives  

 To describe the sociodemographic and clinical characteristics of patients with multiple 

sclerosis. To identify the types and frequency of treatments used (disease-modifying 

therapies, symptomatic treatments, and relapse management). 

 To evaluate drug tolerance, reported adverse effects, and treatment adherence among 

patients. 

 To examine the impact of therapeutic management on clinical progression and patients' 

quality of life. 

2.2. Study setting and design 

This clinical study was conducted over three months (March to June 2024) in the 

neurology department of Frantz Fanon Hospital in Blida, Algeria, focusing on Multiple Sclerosis 

(MS) treatment outcomes through a comprehensive dual-phase approach that combined 

retrospective analysis of patient records (2019-2023) with prospective monitoring of over 50 

active MS cases.  

2.2.1. Hospital and department background 

The Neurology Department at Frantz Fanon Hospital in Blida has long been a regional 

referral center for neurodegenerative and inflammatory disorders, including Multiple Sclerosis. 

Established in the late 20th century as part of Algeria’s expanding tertiary healthcare network, 

the hospital bears the name of the renowned psychiatrist and revolutionary Frantz Fanon, 

reflecting its commitment to both clinical excellence and patient-centered care. The neurology 

unit, equipped with specialized neuroimaging facilities (MRI, CT) and a dedicated 

neuroimmunology clinic, has played a pivotal role in advancing MS management in North 
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Africa, participating in multicenter trials and adapting international guidelines to local 

epidemiological profiles. Over the past decade, the department has pioneered early-diagnosis 

protocols and biologic therapies, serving a diverse patient population from Blida and neighboring 

provinces, while addressing challenges such as treatment accessibility and multidisciplinary 

follow-up. 

2.3. Study population 

The study included patients diagnosed with multiple sclerosis who were followed at the 

Neurology Department of Frantz Fanon University Hospital in Blida, Algeria. Patients were 

identified through hospital medical records and selected based on predefined eligibility criteria. 

 Inclusion criteria 

 Adults aged 18 years and older of both sexes. 

 A confirmed diagnosis of multiple sclerosis (RRMS). 

 Follow-up in the neurology department during the study period. 

 treatment with Natalizumab, Rituximab, or Ocrelizumab for a minimum of 12 months 

Availability of complete and accessible medical records, including clinical, biological, and MRI 

data. 

 Exclusion criteria 

  Missing diagnostic criteria for multiple sclerosis (RRMS). 

 Diagnosis of other neurological or autoimmune disorders that could interfere with MS 

assessment. 

 Patients lost to follow-up or referred to another healthcare facility before treatment 

evaluation. 

 Patients Showed high and positive JC virus serology, which led to discontinuation or change 

of therapy. 

 Patients scheduled to stop monoclonal antibody treatments due to safety concerns or 

intolerance. 
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A total of 55 patients met the inclusion criteria and were enrolled in the prospective study. 

However, 50 medical records was analyzed for the retrospective study. 

2.4. Material 

2.4.1. Biological material 

 Peripheral blood samples for CBC, IgG levels, JC virus PCR, liver enzyme analysis. 

 The CSF for oligoclonal band analysis via isoelectric focusing. 

 Brain MRI with gadolinium contrast for demyelinating lesion assessment. 

2.4.2. Non biological material 

The complete list of materials used in this study is provided below. Additional technical details 

can be found in Appendix 1. 

 Monoclonal antibodies: TYSABRI® (natalizumab), TRUXIMA® (rituximab) et 

OCREVUS® (ocrelizumab). 

 Infusion pumps (PHIZHIX D-CP / FOURSS). 

 Intravenous drug administration sets and infusion kits. 

 Patient examination equipment: reflex hammer, visual acuity charts (Sloan 100%), 

chronometer. 

 Timed 25-Foot Walk Test (T25FW): used to assess lower limb mobility and walking speed. 

Patients were instructed to walk a distance of 25 feet (7.6 meters) as quickly and safely as 

possible while the time was recorded using a manual chronometer. 
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2.5. Methods 

2.5.1. Data collection 

A data collection sheet (Appendix 2) was developed and completed prospectively during 

the day-care treatment of each patient hospitalized in the neurology department of the BLIDA 

University Hospital (CHU), and retrospectively from their medical records. 

The questionnaire consists of two forms: an information sheet and a patient follow-up 

sheet (on Natalizumab / on Rituximab). 

The information sheet is composed of four sections described below: 

 The first section focuses on the patient’s medical history, dedicated to recording medical, 

surgical, and familial antecedents not related to MS. 

 The second section investigates the date and nature of the initial symptoms of the disease, 

the initial clinical assessment, the clinical and revealing symptoms, the disease course, and 

includes both clinical and neurological evaluations. 

 The third section is intended to outline the treatment history, including disease-modifying 

therapies, symptomatic treatments, and any other therapies, with start and end dates, reasons for 

initiation and discontinuation, and the results of the initial MRI. 

 The fourth section records initial biological results, particularly the complete blood count 

(CBC), inflammatory markers, CSF analysis, and isoelectric focusing results. 

The two patient follow-up forms (for those on Natalizumab or Rituximab) each consist of 

three sections: 

 The first section, “before today’s infusion,” is dedicated to reporting any adverse effects 

related to the treatment that occurred prior to the current infusion and were noted in the patients’ 

medical records. 

 The second section, “during today’s infusion,” focuses on the day’s infusion session and 

the drug preparation procedures. Any adverse effects occurring during the infusion and their 

progression are described here. 
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 The final section is dedicated to evaluating the effectiveness of Natalizumab or 

Rituximab. Three parameters are considered: relapse rate, EDSS score progression, and MRI 

results. These parameters, assessed during the treatment phase (at 12 and 24 months), are 

compared to baseline measurements. 

2.5.2. Multiple sclerosis treatment Protocol  

 The treatment protocol of multiple sclerosis with monoclonal antibodies is presented in 

Table 4:  

2.5.2.1.Natalizumab 

Patients received Natalizumab at a dose of 300 mg administered via intravenous infusion 

every 28 days (±3 days) The drug was diluted in 100 mL of 0.9% sodium chloride and infused 

over approximately one hour using an automated infusion pump. followed by mandatory post-

infusion observation for one hour. Routine monitoring included CBC and liver enzyme panels. 

For patients seropositive for the JC virus, quarterly PCR monitoring was implemented. Brain 

MRI with gadolinium contrast was performed biannually. In cases of a JC virus index above 1.5 

or persistent lymphopenia below 800/mm³, the dosing interval was extended to every 6 weeks. 

Treatment was discontinued in cases of high PML risk or after two treatment failures based on 

clinical or radiological criteria. 

2.5.2.2. Rituximab 

Rituximab was administered in an induction-maintenance regimen. The induction phase 

consisted of two 1000 mg infusions on day 0 and day 15, each preceded by premedication with 

100 mg methylprednisolone and 10 mg chlorphenamine. Maintenance dosing was adjusted based 

on CD19+ cell levels: patients received 500 mg every 6 months or 1000 mg every 12 months if 

CD19+ was below 5 cells/uL. Monitoring included CBC, immunoglobulin G (IgG), and CD19+ 

levels prior to each infusion. Serum sickness symptoms were assessed 48 hours after infusion, 

and an annual chest X-ray was performed for tuberculosis risk assessment. 

2.5.2.3. Ocrelizumab 

Patients received Ocrelizumab as two initial 300 mg intravenous infusions given two 

weeks apart, followed by a 600 mg infusion every six months. Each dose was preceded by 
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premedication with corticosteroids and antihistamines to prevent infusion reactions. Infusions 

lasted between 2.5 and 3.5 hours, followed by at least one hour of post-infusion monitoring. 

Routine blood tests and CD19+ B-cell counts were performed before each cycle.   

2.5.2.4. Corticosteroid Protocol (for Relapses) 

Acute relapses were treated with intravenous methylprednisolone at a dosage of 1 g per 

day for 3 to 5 days. An oral prednisone taper (1 mg/kg/day for 5 days) was added in cases of 

incomplete recovery. Blood analysis, including CBC, was conducted before initiating 

corticosteroids and again 7 days after treatment. 

2.5.2.5. Patients Treated Only with Corticosteroids 

In clinical practice, a subset of patients diagnosed with multiple sclerosis receive no DMT and 

are managed exclusively with corticosteroids during acute relapses. This approach is often 

observed in individuals with a mild or inactive form of the disease, sometimes referred to as 

“benign MS,” where relapses are infrequent and the level of long-term disability remains 

minimal. In such cases, the potential risks and side effects associated with long-term 

immunosuppressive therapy may outweigh the expected benefits. Additionally, some patients 

present with contraindications to DMTs, such as chronic infections, autoimmune comorbidities, 

hepatic dysfunction, or high anti-JC virus antibody levels, making immunomodulatory treatment 

either risky or unsuitable. In certain settings, especially in low-resource environments, limited 

access to DMTs due to cost, unavailability, or administrative delays can also lead to reliance on 

corticosteroids as the primary treatment option. Other patients may decline long-term treatment 

due to fear of side effects, lack of awareness, or personal choice. Moreover, some individuals 

discontinue DMTs after experiencing adverse reactions or finding the treatment burdensome. In 

all these situations, high-dose corticosteroid therapy typically intravenous methylprednisolone is 

administered during relapses to reduce inflammation and accelerate recovery, although it does 

not impact the underlying disease progression. This management strategy reflects the need for 

individualized care plans in MS, tailored to clinical presentation, patient preferences, risk factors, 

and resource availability. 

Table 4: Clinical Use of Monoclonal Antibodies by Patient status (ECTRIMS/EAN, 2022). 
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Patient status 
Natalizumab 

(TYSABRI®) 

Ocrelizumab 

(OCREVUS®) 
Rituximab (TRUXIMA®) 

Pregnant 

women 

May be continued with 

extended dosing until 30-34 

weeks; final dose before 

delivery 

Use with caution; limited 

data; consider only if 

strictly necessary 

Limited data; use only in 

highly active disease; weigh 

risk/benefit 

Breastfeeding 

women 

Excreted in small amounts; 

not contraindicated in 

Europe; infant monitoring 

recommended 

Excreted in low levels; 

can be used with caution; 

avoid live vaccines in 

infants 

Limited data; generally not 

contraindicated, but close 

pediatric monitoring advised 

Children (<18 

years) 

Not approved; off-label in 

exceptional pediatric cases 

only 

Not approved; studies 

ongoing; off-label use 

discouraged 

Not approved; occasionally 

used off-label in severe 

pediatric MS 

Adult men Standard use Standard use Standard use 

Women of 

childbearing 

age 

Effective; contraception 

recommended during use; 

monitor if planning 

pregnancy 

Effective; avoid 

pregnancy for at least 6 

months after last dose 

Same as Ocrelizumab; longer 

washout may be advised 

depending on dose 

Patients with 

autoimmune 

comorbidity 

Use with caution; may 

exacerbate underlying 

autoimmune diseases 

Generally tolerated; 

monitor for worsening 

autoimmunity 

Higher risk of immune 

suppression; monitor 

carefully 

Patients 

without 

autoimmune 

disease 

Standard indication Standard indication Standard indication 

Elderly 

patients (>65) 

Limited data; generally 

avoided due to PML risk 

Limited safety data; not 

first choice unless highly 

active disease 

Use with caution; increased 

infection risk in 

immunosenescence 

 

2.5.2.6. Evaluation Criteria 

To assess the effectiveness of each treatment, several clinical markers were evaluated 

both before treatment and after 12 to 24 months of follow-up: 

 Annual Relapse Rate (ARR): the number of relapses per year, used to measure inflammatory 

activity 
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 Calculation of the ARR 

 

 

A positive ARR indicates a therapeutic benefit in slowing disease progression. An ARR 

≤ 0 % suggests a lack of efficacy or possible incresed disease progression under treatment.  

 Comparison of ARR Before and After Treatment 

We compare the number of relapses a patient had before starting treatment to the number 

they experienced after beginning therapy, over 12 and 24 months. This helps us understand how 

well the treatment is working. If the relapse rate drops after treatment, it means the therapy is 

likely helping to control the disease. But if the relapse rate stays the same or goes up, it may 

mean the treatment isn’t effective enough, and another option should be considered. 

 EDSS score (Expanded Disability Status Scale): used to track progression of neurological 

disability 

 MRI results: especially changes in lesion load and enhancement, to visualize disease activity 

in the CNS 

These parameters provided a solid basis for comparing outcomes and evaluating therapeutic 

impact. 

2.6. Ethical Considerations 

The study followed ethical standards in line with institutional regulations. All patients or 

their legal guardians gave informed consent for the use of their medical data. Personal 

information was anonymized and handled confidentially. No procedures outside standard clinical 

care were performed. 

2.7. Data Analysis 

Data were entered and analyzed using Microsoft Excel and SPSS version (Debouverie et al 

.,2007). Descriptive statistics were used to summarize the data: Quantitative variables were 

presented as means ± standard deviation (SD). Categorical variables were expressed as 

ARR = (1 - Post-tx relapses/year / Pre-tx relapses/year) x 100% 

ost-treatment / TIB_pre-treatment) x 100% TAP 
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frequencies and percentages. Statistical analysis was performed using Chi-square test for 

categorical variables. A p-value of less than 0.05 was considered statistically significant. 
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3.1. Results and discussion

3.1.1. General characteristics of the studied population

The following section presents a detailed analysis of the demographic, medical, and

psychosocial characteristics of the 55 patients diagnosed with multiple sclerosis (MS) who

were included in this study.

3.1.1.1. Sociodemographic Characteristics

 Population distribution by age and age groups

The patients’ ages ranged from 19 to 57 years, with a mean age of 35.34 ± 10.03 years.

The highest representation was among individuals aged 31-40 years (30.9%), followed closely

by those aged 41-50 years (29.1%) and 21–30 years (27.3%) (Figure 10). These results align

with the known epidemiology of MS, which typically manifests in young adults, often in the

third or fourth decade of life.

Figure 10 : Age Distribution of the Study Population.

 Population distribution by Sex

The study population was predominantly female (81.8%), with only 18.2% male patients

(Figure11). This is consistent with the well-established female predominance in MS, where
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women are affected approximately 2 to 3 times more frequently than men, possibly due to

hormonal and genetic factors.

Figure 11 : Sex Distribution among MS Patients.

 Population distribution by Occupation

A significant proportion of the patients (61.8%) were unemployed, and an additional 9.1%

reported having lost their job due to MS. Only 29.1% of the participants were actively

working or studying (Figure 12). This underscores the socioeconomic burden and functional

limitations imposed by the disease, particularly among individuals of working age.

Figure 12: Occupational Status of Participants.
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3.1.1.2. Clinical and Comorbidity Profile

 Population distribution by Autoimmune Diseases

The vast majority of patients (92.7%) did not report any coexisting autoimmune disease,

whereas only 7.3% did (Figure 13). Although MS is itself an autoimmune condition, the

association with other autoimmune diseases such as thyroiditis, type 1 diabetes, or lupus can

occur and may influence prognosis and management.

Figure 13: Prevalence of Autoimmune Diseases in the study population.

 Population distribution by Diabetes

Only 4 out of 55 patients (7.3%) reported having diabetes, indicating a relatively low

co-occurrence in this cohort (Figure14). While type 1 diabetes shares autoimmune

pathophysiology with MS, no strong correlation was observed here.
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Figure 14 : Diabetes Occurrence among MS Patients.

 Population distribution by Cardiovascular Diseases

Just 5.5% of the participants had cardiovascular comorbidities (Figure 15), suggesting

a generally low cardiovascular risk profile in this sample. However, cardiovascular health

remains an important consideration in MS due to its potential interaction with mobility and

fatigue.

Figure 15: Cardiovascular Comorbidities in the Study Population.
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 Population distribution by Respiratory Diseases

Respiratory conditions were reported by 7.3% of the patients (Figure 16). These

conditions may exacerbate MS symptoms and increase the risk of complications such as

infections or fatigue, although they were relatively rare in this cohort.

Figure 16: Presence of Respiratory Conditions among Participants.

 Population distribution by Other Neurological Diseases

Only 3 out of 55 patients (5.5%) had a history of additional neurological disorders

(Figure 17). This low rate supports the relative diagnostic clarity of MS in this group, with

minimal overlapping neurological pathologies.
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Figure 17: Co-occurrence of Other Neurological Diseases.

3.1.1.3. Reproductive and Hormonal Factors

 Population distribution by Pregnancy Status (in Female Patients)

Among the 45 female participants, 13 (28.9%) were pregnant at the time of data

collection (Figure 18). MS is known not to impair fertility, and pregnancy can have a

transiently protective effect on disease activity. However, the postpartum period is associated

with an increased relapse risk, requiring close follow-up.

Figure 18 : Pregnancy Status among Female MS Patients.
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3.1.1.4. Lifestyle and environmental factors

 Population distribution by Smoking

A large majority of the cohort (85.5%) were non-smokers, while 14.5% reported being

current smokers (Figure19). Smoking is a known modifiable risk factor for MS progression

and poorer outcomes, making this finding relevant for patient education and clinical

management.

Figure 19 : Smoking Habits of the Study Population.

 Population distribution by Consanguineous Marriage

30.9% of participants were born from consanguineous unions, which may be relevant

in genetic susceptibility studies, particularly in populations with high consanguinity rates

(Figure 20). This parameter could be investigated further for potential links to autoimmune

and demyelinating conditions.
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Figure 20: Prevalence of Consanguineous Marriages

3.1.1.5. Genetic and Familial Predisposition

 Population distribution by Family History of Neurological Diseases

29.1% of the patients reported a positive family history of neurological disease,

suggesting a possible genetic predisposition to MS or related disorders (Figure 21). While

MS is not inherited in a Mendelian fashion, familial clustering has been documented in

numerous studies.

Figure 21 : Family History of Neurological Diseases.
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 Population distribution by Blood Group

The most frequent blood group among patients was Group A (60%), followed by

Group O (29.1%), and Groups B and AB (5.5% each) (Figure22). Although the relationship

between blood group and MS is not fully established, some recent studies have explored

potential immunological links worth further investigation.

Figure 22 : Distribution of Blood Groups among Patients

3.1.1.6. Psychological and mental health status

 Population distribution by Psychological Status

In terms of psychological health, 61.8% of patients were classified as psychologically

normal, while 32.7% reported anxiety, and 5.5% reported depression (Figure 23). These

results highlight the psychosocial impact of MS, and underline the need for integrated mental

health support in clinical management.
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Figure 23 : Psychological Status of MS Patients.

3.1.2. Clinical History and Disease Course

3.1.2.1. Age of Symptoms Onset

The onset of symptoms occurred at a mean age of 27.29 ± 9.24 years, with a minimum

of 12 and a maximum of 44 years. These results confirm that MS typically begins in early

adulthood, aligning with its classification as a disease of young adults.

3.1.2.2. Age of Diagnosis

The mean age at diagnosis was 30.60 ± 9.28 years, with values ranging from 14 to 47

years. This approximately three year delay between symptom onset and diagnosis is

consistent with the literature and reflects common challenges in the timely identification of

MS, particularly when initial symptoms are non-specific or intermittent.

3.1.2.3. Number of Relapses Before Diagnosis

Patients reported a mean of 2.8 ± 1.42 relapses prior to diagnosis (range: 0 to 6). This

suggests that, in most cases, diagnosis was made after several distinct clinical episodes,

reinforcing the chronic and relapsing nature of the disease.
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3.1.2.4. Interval Between the First and the Second Relapse

The analysis of the interval between the first and second relapse revealed considerable

variability among patients. The most frequent interval was within the first six months,

reported by 32.7% of the participants. An additional 18.2% experienced their second relapse

between 6 months and 1 year after the first. Notably, 30.9% of patients reported an interval of

1 to 3 years, suggesting a relatively slower disease reactivation in a significant portion of the

cohort. A smaller subset experienced longer remission periods: 10.9% relapsed between 3 and

5 years, and 7.3% after 5 to 7 years (Figure 24). These findings highlight the heterogeneity of

relapse dynamics in MS. While one-third of patients had early relapses, indicating a more

active disease course, others experienced longer quiescent phases, which may reflect

differences in disease phenotype, early treatment response, or immune modulation.

Figure 24 : Interval Between the First and Second Relapse in MS patients.

3.1.2.5. Clinical Form of MS

In terms of clinical classification, relapsing-remitting MS (RRMS) was the predominant

form, affecting 80% of patients. Secondary progressive MS (SPMS) accounted for 18.2%,

while primary progressive MS (PRMS) was rare (1.8%) (Figure 25). This distribution mirrors

global patterns, where RRMS typically represents the initial form, with some patients later

transitioning to SPMS.
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Figure 25: Distribution of Clinical Forms of Multiple Sclerosis.

3.1.3. Neurological and Functional symptomes of MS

3.1.3.1. Motor Disorders

Motor disorders were highly prevalent, observed in 92.7% of patients (Figure26). This

finding underscores the importance of motor pathway involvement in MS and its role in

functional impairment.

3.1.3.2. Sensory Disturbances

Similarly, sensory symptoms were reported in 92.7% of patients (Figure 26). These often

include paresthesia, numbness, and altered sensory thresholds, which are hallmark features of

MS and often among the first symptoms reported.

In our cohort, 92.7% of patients reported sensory disturbances, such as paresthesias,

numbness, and altered sensory thresholds. This high prevalence aligns closely with existing

literature indicating that sensory symptoms are typically among the earliest and most common

clinical manifestations of MS. In a major literature review, sensory disturbances were

identified as hallmark early features, frequently appearing before motor or cognitive deficits

(Taheri et al., 2012). Similarly, a comprehensive review by (Thompson et al., 2018) noted

that 40–43% of MS patients present initially with sensory symptoms resulting from

demyelinating lesions in regions like the brainstem and spinal cord. The frequency in our

study is even higher, possibly reflecting heightened patient awareness or early-stage detection
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in a clinical setting. These findings underscore the importance of recognizing sensory signs as

critical indicators for early MS diagnosis and management.

3.1.3.3. Cerebellar Disorders

Cerebellar dysfunction was present in only 3.6% of the cohort (Figure 26), suggesting

either a relatively low frequency of cerebellar lesions in this population or subclinical

presentation not captured by initial assessments.

3.1.3.4. Cranial Nerve Disorders

Cranial nerve involvement was identified in 9.1% of patients, reflecting potential

demyelinating lesions in the brainstem (Figure 26). This can manifest clinically as diplopia,

facial numbness, or dysphagia, and supports the dissemination of lesions in space.

3.1.3.5. Retrobulbar Optic Neuritis (RBON)

Retrobulbar optic neuritis, a common early manifestation of MS, was observed in 45.5%

of cases (Figure 26). This high prevalence confirms the importance of visual symptoms as a

clue to early diagnosis.

3.1.3.6. Sphincter Disturbances

Sphincter dysfunction was reported in 7.3% of the sample (Figure 26). While relatively

infrequent here, such symptoms often indicate spinal cord involvement and become more

prominent in progressive stages of the disease.

3.1.3.7. Sexual Disorders

Sexual dysfunction was reported by 7.3% of patients. Though underreported, it can

significantly affect quality of life and is often associated with both neurological and

psychological factors in MS(Figure 26).

3.1.3.8. Vertigo

Vertigo was present in 81.8% of patients (Figure 26), illustrating a frequent involvement

of vestibular pathways, which may result from lesions in the brainstem or cerebellum.
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3.1.3.9. Fatigue

Fatigue was the most commonly reported symptom, affecting 96.4% of patients (Figure

26). This aligns with existing data identifying fatigue as one of the most disabling and

persistent symptoms in MS, often independent of physical disability.

Prevalence of Motor Disorders in MS Patients.
Frequency of Sensory Disturbances in the Study

Population

Occurrence of Cerebellar Disorders Cranial Nerve Involvement Among MS Patients
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Prevalence of Retrobulbar Optic Neuritis (RBON)

Frequency of Sexual Dysfunction

Prevalence of Vertigo Among MS Patients Reported Fatigue in the Study Population

Figure 26 : Neurological and Functional symptomes in MS patients.

3.1.4. Disability Assessment

3.1.4.1. Initial Clinical Exam

Regarding initial motor function, 74.5% of patients had limited walking capacity and

required assistance, while 23.6% could walk with some limitations, and only 1.8% could walk

without restriction (Figure 27). These findings reflect a significant functional impact at or

near the time of diagnosis, potentially related to diagnostic delays or multiple early relapses.
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Figure 27 : Initial Walking Ability at Clinical Examination.

3.1.5. Biological and Laboratory Markers

3.1.5.1. C-Reactive Protein

Among the patients, 83.6% had normal CRP values, while 9.1% had elevated CRP,

and 7.3% showed no detectable CRP (Figure 29). As MS is primarily a CNS disease, CRP

being a marker of systemic inflammation is typically normal unless a concurrent infection or

systemic inflammatory condition is present.

Figure 29 : C-Reactive Protein (CRP) Status in MS Patients.
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3.1.5.2. Isoelectric Focusing Results

The isoelectric focusing of cerebrospinal fluid and serum revealed several distinct

patterns. The most common result (52.7%) showed identical oligoclonal bands (OCBs) in

CSF and serum, indicating a systemic rather than intrathecal origin (Type 4). A monoclonal

band in CSF only was observed in 20% of cases, while the typical MS-specific pattern of

CSF-restricted OCBs (Type 2) was present in 14.5%. Another 5.5% of patients exhibited CSF

bands with partial matches in serum (Type 3), indicating both systemic and central synthesis.

7.3% of patients showed no OCBs (Type 1), which is less common in MS but possible,

especially early in disease or in atypical forms (Figure 30). These findings highlight the

immunological heterogeneity of MS, and the importance of combining clinical, radiological,

and biological data for accurate diagnosis.

Figure 30 : Patterns of Oligoclonal Bands from Isoelectric Focusing.

3.1.6. Therapeutic Management of muliple sclerosis

3.1.6.1. Treatment of MS with Disease-Modifying Therapies (DMTs)

Among the 55 patients, the majority (81.8%) were treated with monoclonal antibodies,

reflecting the growing use of high efficacy therapies in MS management. A smaller

proportion (14.5%) received a combination of immunomodulators and monoclonal antibodies,

while 1.8% were treated with immunosuppressants only. Notably, one patient (1.8%) received

no DMT treatment at all (Figure 31). These data suggest a clear therapeutic shift toward

monoclonal antibody-based regimens as first-line or escalation therapy in this population.



Chapter 3 Results and discussion

49

Figure 31 : Distribution of Patients According to the Type of DMTs Used.

 Treatment with Monoclonal Antibodies

Among monoclonal antibodies, Tysabri® (natalizumab) was the most commonly

prescribed, used in 54.5% of patients, followed by Truxima® (rituximab) in 29.1%, and

Ocrevus® (ocrelizumab) in 14.5%. Only one patient (1.8%) had not received monoclonal

antibody treatment (Figure34). This distribution reflects the high reliance on second-

generation monoclonal therapies, in line with their demonstrated efficacy in reducing relapse

rates and slowing progression.

Figure 34: Prescription of Monoclonal Antibodies Among MS Patients.
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The distribution of monoclonal antibody usage in our cohort aligns with these

recommendations, confirming a therapeutic shift toward B cell depleting and targeted

biologics in clinical practice.

3.1.6.2. Treatment of Relapses

All patients (100%) received chronic corticosteroid treatment for managing relapses,

consistent with standard practice, where corticosteroids are used to shorten the duration and

severity of acute MS attacks.

In our study, all patients (100%) received corticosteroid treatment for managing

relapses, which aligns with current clinical guidelines for multiple sclerosis. Corticosteroids,

particularly high-dose intravenous methylprednisolone, remain the standard approach for

reducing the severity and duration of acute MS exacerbations. They act by dampening

inflammation and stabilizing the blood-brain barrier during active demyelination. As

highlighted by(Minden et al., 2009), systemic corticosteroids are among the most widely

validated interventions for acute MS attacks and are regularly used across various healthcare

settings. Although corticosteroids do not influence the long term progression of MS, their

timely use is critical for symptom relief and recovery from relapses. The universal

administration of corticosteroids in our cohort reflects good clinical practice and reinforces

their continued relevance in MS relapse management.

3.1.6.3. Symptom-Specific Treatments

 Spasticity Treatment

Among the cohort, 29.1% received treatment for spasticity, whereas 70.9% were not

treated for this symptom (Figure 35). This may suggest that spasticity, although common in

MS, was either mild or underdiagnosed in this population.
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Figure 35: Use of Treatment for spacticity.

 Pain and Sensory Disturbance Treatment

58.2% of patients were treated for pain or sensory disturbances, while 41.8% were not

(Figure 36). This aligns with the high prevalence of sensory symptoms (reported in previous

sections), underlining the need for symptomatic relief in MS care.

Figure 36 : Use of Treatment for Pain and Sensory Disturbances.
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 Urinary Disorders Treatment

Only 10.9% of patients received treatment for urinary disorders, while the majority

(89.1%) were not treated (Figure 37). This may reflect the relatively low incidence of

sphincter dysfunction reported earlier, or underreporting of urological symptoms.

Figure 37 : Management of Urinary Disorders Among MS Patients.

 Anxiolytic Treatment

Anxiolytic medication was prescribed to 9.1% of the patients (Figure 38), suggesting

a relatively low rate of pharmacological management for anxiety. Given that anxiety was

reported by over 30% of patients in prior findings, this may indicate a gap in psychological

care.

Figure 38: Anxiolytic Use for Psychological Support.
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 Fatigue Management

All patients (100%) received vitamin D and multivitamin supplementation for fatigue

management. This suggests systematic support for fatigue, the most frequently reported

symptom in the study population.
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CONCLUSION 

This study aimed to assess the clinical and therapeutic management of multiple 

sclerosis (MS), with particular emphasis on the use of monoclonal antibodies:Natalizumab, 

Rituximab, and Ocrelizuma, among patients followed at the Neurology Department of CHU 

Frantz Fanon in Blida. The findings contribute to a better understanding of the real world 

effectiveness, safety, and impact of these therapies within the Algerian healthcare setting. 

Multiple sclerosis remains a complex, multifactorial disease characterized by 

immune-mediated demyelination, neuroinflammation, and progressive axonal loss. As 

confirmed by our literature review and patient data, MS primarily affects young adults, with 

a notable predominance among women. These epidemiological features highlight the 

socioeconomic burden of the disease, particularly during individuals’ most productive years, 

with a substantial proportion of patients facing unemployment or job loss related to disease 

progression. 

From a clinical perspective, most patients presented with RRMS, the most responsive 

form to immunomodulatory and immunosuppressive therapies. Comorbidities were 

relatively infrequent but important to note, as they can influence disease course, treatment 

choices, and patient quality of life. Parameters such as reproductive status, family history, 

and mental health factors were also documented to provide a holistic view of each patient's 

condition. 

The therapeutic outcomes of monoclonal antibody use were promising. Natalizumab 

showed considerable efficacy in reducing annual relapse rates and improving neurological 

function, although its use requires strict monitoring due to the risk of PML, particularly in 

JC virus positive patients. Rituximab, despite being off label for MS in many countries, was 

widely used in our cohort due to its affordability and favorable efficacy profile. 

Ocrelizumab, the only anti CD20 agent formally approved for MS, was associated with 

consistent reductions in relapse rates and radiological activity, and it showed good 

tolerability. 

In terms of treatment adherence and tolerance, the majority of patients tolerated 

therapy well, with only a minority reporting adverse events. Side effects were generally 

manageable, and treatment interruptions were rare. These results emphasize the feasibility of 

integrating monoclonal antibody therapies into routine clinical practice, even in resource 

constrained environments, provided that adequate follow up and risk assessment protocols 

are in place. 
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The study also highlighted several challenges in MS care, including limited access to 

high cost therapies, the need for personalized treatment strategies, and the importance of 

long term patient monitoring. These issues underscore the necessity for national policies that 

promote early diagnosis, equitable access to innovative treatments, and the establishment of 

multidisciplinary care pathways. 

In conclusion, the findings of this research underscore the transformative role that 

monoclonal antibodies can play in the management of MS. Their ability to significantly 

reduce disease activity, delay disability progression, and improve clinical and radiological 

outcomes makes them essential components of modern therapeutic protocols. However, their 

use must be balanced with appropriate risk evaluation, cost-effectiveness considerations, and 

individualized patient care. Continued research, including long-term and large-scale studies, 

is necessary to optimize treatment outcomes and adapt global guidelines to the specific 

needs of the Algerian patient population. With evolving scientific advances and increased 

awareness, the future of MS care in Algeria holds great potential for progress and 

innovation. 

 

 

 

 

 



          

 

 

  

 

      

REFERENCES  

 



References  

 

      74 

Absinta, M., Maric, D., Gharagozloo, M., et al. (2021). Chronic active multiple sclerosis 

lesions are dominated by microglia–macrophages with pro-inflammatory gene expression. 

Nature Medicine, 27(12), 2066–2077. https://doi.org/10.1038/s41591-021-01415-5 

Abz, M. (2023, April 27). Résumé G. Chakib nerveux. Scribd. Retrieved from 

https://www.scribd.com/document/475570554/Resume-G-Chakib-nerveux 

Al Jumah, M., Al Otaibi, H., Al Towaijri, G., Hassan, A., Kareem, A., Kalakatawi, M., & 

Bunyan, R. (2020). Familial aggregation of multiple sclerosis: Results from the national 

registry of the disease in Saudi Arabia. Multiple Sclerosis Journal – Experimental, 

Translational and Clinical, 6(3), 1–7. https://doi.org/10.1177/2055217320960499 

Al Jumah, M., Kojan, S., Al Khathaami, A., & Alshahrani, A. (2020). The role of 

consanguineous marriage in familial versus sporadic multiple sclerosis: Results from the 

Saudi National Registry. Multiple Sclerosis Journal – Experimental, Translational and 

Clinical, 6(3), 1–7. https://doi.org/10.1177/2055217320960499 

AP News. (2023). Ancient human DNA hints at why multiple sclerosis affects so many 

northern Europeans today. https://apnews.com/article/c8fbfe4ba7d4e2447eec52c6000878dc 

Ascherio, A., & Munger, K. L. (2015). EBV and autoimmunity in MS. Nature Reviews 

Neurology, 11(12), 678–686. https://doi.org/10.1038/nrneurol.2015.186 

Babbe, H., Roers, A., Waisman, A., et al. (2000). Clonal expansions of CD8+ T cells in MS 

brain lesions. Journal of Experimental Medicine, 192(3), 393–404. 

https://doi.org/10.1084/jem.192.3.393 

Baecher-Allan, C., Kaskow, B. J., & Weiner, H. L. (2018). Multiple sclerosis: Mechanisms 

and immunotherapy. Neuron, 97(4), 742–768. 

Bar-Or, A., Calkwood, J. C., Chognot, C., et al. (2020). Effect of ocrelizumab on B and T cell 

populations in MS: Results from the OPERA I and II studies. Neurology, 95(13), e1784–

e1797. https://doi.org/10.1212/WNL.0000000000010459 

Betts, J. G., Young, K. A., Wise, J. A., Johnson, E., Poe, B., Kruse, D. H., et al. (2022). 

Anatomy and physiology (2nd ed.). OpenStax. https://openstax.org/details/books/anatomy-

and-physiology-2e 

Bittles, A. H., & Black, M. L. (2010). Consanguinity, human evolution, and complex 

diseases. Proceedings of the National Academy of Sciences, 107(Suppl 1), 1779–1786. 

https://doi.org/10.1073/pnas.0906079106 

Bonvin, A., Leon, B. C., Calvet, P., Laborde, C., Vukusic, S., & Aulagner, G. (2018). 

Traitement de la sclérose en plaques. In Pharmacie clinique et thérapeutique (pp. 715–

733.e1). Elsevier. https://linkinghub.elsevier.com/retrieve/pii/B9782294750779000402 

Bouzid, K., Bedairia, N., & Marty, M. (2012). Therapeutic monoclonal antibodies in 

oncology. Pathologie Biologie. https://pubmed.ncbi.nlm.nih.gov/22863361/ 

https://doi.org/10.1038/s41591-021-01415-5
https://www.scribd.com/document/475570554/Resume-G-Chakib-nerveux
https://doi.org/10.1177/2055217320960499
https://doi.org/10.1177/2055217320960499
https://apnews.com/article/c8fbfe4ba7d4e2447eec52c6000878dc
https://doi.org/10.1212/WNL.0000000000010459
https://openstax.org/details/books/anatomy-and-physiology-2e
https://openstax.org/details/books/anatomy-and-physiology-2e
https://doi.org/10.1073/pnas.0906079106
https://linkinghub.elsevier.com/retrieve/pii/B9782294750779000402
https://pubmed.ncbi.nlm.nih.gov/22863361/


References  

 

      76 

Dendrou, C. A., Fugger, L., & Friese, M. A. (2019). Immunopathology of multiple sclerosis: 

The role of complement. Annals of Clinical and Translational Neurology, 6(12), 2462–2470. 

https://doi.org/10.1002/acn3.50830 

Depaz, R., Aboab, J., & Gout, O. (2013). Actualités dans le diagnostic et la prise en charge 

thérapeutique de la sclérose en plaques. Revue de Médecine Interne, 34(10), 628–635. 

Drk A. Tissu Nerveux -Polycopié- .Scribd; [cited 2025 Apr 27]. Available from: 

https://www.scribd.com/document/562320822/Tissu-Nerveux-Polycopie 

Edan, G., & Le Page, E. (2013). Induction therapy for patients with multiple sclerosis: Why? 

When? How? CNS Drugs, 27(6), 403–409. 

Filippi, M., Preziosa, P., Banwell, B. L., Barkhof, F., Ciccarelli, O., De Stefano, N., et al. 

(2019). Assessment of lesions on magnetic resonance imaging in multiple sclerosis: Practical 

guidelines. Nature Reviews Neurology, 15(6), 327–340. https://doi.org/10.1038/s41582-019-

0170-8 

Fournier, A. (2017). Imagerie par résonance magnétique moléculaire et inflammation des 

barrières biologiques dans les modèles de sclérose en plaques [PhD thesis, Normandie 

Université]. https://tel.archives-ouvertes.fr/tel-01870716 

Giannopapas, V., Palaiodimou, L., Kitsos, D., et al. (2023). The prevalence of type II diabetes 

mellitus (DMII) in the multiple sclerosis population: A systematic review and meta-analysis. 

Journal of Clinical Medicine, 12(15), 4948. https://doi.org/10.3390/jcm12154948 

Gray, W. J., & Shah, R. S. (2008, June). Epidermal growth factor receptor monoclonal 

antibodies for the treatment of metastatic colorectal cancer. Retrieved January 5, 2020, from 

https://pubmed.ncbi.nlm.nih.gov/18503402/ 

Hauer, L., Perneczky, J., & Sellner, J. (2021). A global view of comorbidity in multiple 

sclerosis: A systematic review with a focus on regional differences, methodology, and clinical 

implications. Journal of Neurology, 268(11), 4066–4077. https://doi.org/10.1007/s00415-020-

10107-y 

Hauser, S. L., Bar-Or, A., Comi, G., et al. (2017). Ocrelizumab versus interferon beta-1a in 

relapsing multiple sclerosis. New England Journal of Medicine, 376(3), 221–234. 

https://doi.org/10.1056/NEJMoa1601277 

Hedström, A. K., Olsson, T., & Alfredsson, L. (2021). The increased risk of multiple sclerosis 

associated with HLA-DRB1*15:01 and smoking is modified by alcohol. Scientific Reports, 

11, 21237. https://doi.org/10.1038/s41598-021-99635-4 

Jacob F, Pather SR, Huang WK, Zhang F, Wong SZH, Zhou H, et al. Human pluripotent stem 

cell-derived neural cells and brain organoids reveal SARS-CoV-2 neurotropism. Cell Stem 

Cell. 2021;28(3):417–27.e5. 

https://www.scribd.com/document/562320822/Tissu-Nerveux-Polycopie
https://tel.archives-ouvertes.fr/tel-01870716
https://doi.org/10.3390/jcm12154948
https://pubmed.ncbi.nlm.nih.gov/18503402/
https://doi.org/10.1007/s00415-020-10107-y
https://doi.org/10.1007/s00415-020-10107-y
https://doi.org/10.1056/NEJMoa1601277
https://doi.org/10.1038/s41598-021-99635-4


References  

 

      77 

Jessen, K. R., & Mirsky, R. (2024). Schwann cell development and myelination. Cold Spring 

Harbor Perspectives in Biology. https://doi.org/10.1101/cshperspect.a041360 

Jessen, K. R., & Mirsky, R. (2024). The success and challenge of Schwann cell biology. Cold 

Spring Harbor Perspectives in Biology, 14(1), a041360. 

https://doi.org/10.1101/cshperspect.a041360 

JNNP. (2023). Early postpartum treatment strategies and relapse occurrence in MS patients. 

Journal of Neurology, Neurosurgery & Psychiatry. https://doi.org/10.1136/jnnp-2023-331525 

Kesselring, J., & Kesselring, V. (2001). Diagnostic de la sclérose en plaques. Forum Médical 

Suisse. https://doi.emh.ch/fms.2001.04284 

Kuhle, J., Lipp, M., & Polman, C. (2019). Clinical and diagnostic features of patients with 

familial multiple sclerosis. Journal of Clinical Neuroscience, 64, 55–61. 

https://doi.org/10.1016/j.jocn.2019.02.026 

Kuhlmann, T., Miron, V., Cuo, Q., et al. (2017). Early axonal damage and loss of 

oligodendrocytes in multiple sclerosis lesions. Brain, 140(5), 1317–1336. 

https://doi.org/10.1093/brain/awx050 

Kurtzke, J. F. (1983). Rating neurological impairment in multiple sclerosis: An expanded 

disability status scale. Neurology, 33, 1444–1452. 

Lassmann, H. (2018). Multiple sclerosis pathology. Cold Spring Harbor Perspectives in 

Medicine, 8(3), a028936. https://doi.org/10.1101/cshperspect.a028936 

Le Page, E., Deburghgraeve, V., Veillard, D., & Edan, G. (2016). La prise en charge des 

poussées de sclérose en plaques en 2016. Pratique Neurologique – FMC, 7(2), 166–173. 

Les échelles d’évaluation de la SEP. (2020, March 3). Nanopdf. Retrieved from 

https://nanopdf.com/download/les-echelles-devaluation-de-la-sep_pdf 

Lopetegi, I., Muñoz-Lopetegi, A., Arruti, M., et al. (2019). ABO blood group distributions in 

multiple sclerosis patients from Basque Country; O– as a protective factor. Multiple Sclerosis 

Journal. [Details incomplete—please provide journal volume/issue/page or URL if 

available.]Sclerosis Journal – Experimental, Translational and Clinical, 5(4), 1–6. 

https://doi.org/10.1177/2055217319888957 

Lublin, F. D., Reingold, S. C., Cohen, J. A., Cutter, G. R., Sørensen, P. S., Thompson, A. J., 

et al. (2014). Defining the clinical course of multiple sclerosis: The 2013 revisions. 

Neurology, 83(3), 278–286. https://doi.org/10.1212/WNL.0000000000000560 

Machado-Santos, J., Saji, E., Troscher, A. R., et al. (2018). The compartmentalized 

inflammatory response in the multiple sclerosis brain is composed of tissue-resident CD8+ T 

lymphocytes and B cells. Acta Neuropathologica, 135(3), 451–467. 

https://doi.org/10.1007/s00401-018-1819-x 

https://doi.org/10.1101/cshperspect.a041360
https://doi.org/10.1101/cshperspect.a041360
https://doi.org/10.1136/jnnp-2023-331525
https://doi.emh.ch/fms.2001.04284
https://doi.org/10.1016/j.jocn.2019.02.026
https://nanopdf.com/download/les-echelles-devaluation-de-la-sep_pdf


References  

 

      78 

Maghzi, A. H., Etemadifar, M., Saboori, M., & Saeedi, R. (2016). Parental consanguinity and 

multiple sclerosis risk in the Iranian population: A case-control study. Neurological Sciences, 

37(12), 1935–1939. https://doi.org/10.1007/s10072-016-2692-5 

Mahad, D. H., Ziabreva, I., Campbell, G., et al. (2015). Mitochondrial defects in axons and 

oligodendrocytes are major contributors to neurodegeneration in multiple sclerosis. Annals of 

Neurology, 78(3), 355–367. https://doi.org/10.1002/ana.24454 

Maric D ,Absinta M , Gharagozloo M, et al. Chronic active lesions and neurodegeneration in 

progressive multiple sclerosis. Nat Med. 2021;27(8):1422–1429. doi:10.1038/s41591-021-

01415-5. 

Marković, S., Bozicević, D., Simić, D., & Brzović, Z. (1991). Genetic markers in the blood of 

multiple sclerosis patients. Neurology Croatica, 41(1–2), 3–12. PMID: 1810395 

Marrie, R. A., & Horwitz, R. I. (2010). Emerging effects of comorbidities on multiple 

sclerosis. The Lancet Neurology, 9(8), 820–828. https://doi.org/10.1016/s1474-

4422(10)70135-6 

Michel L. Mécanismes immunologiques des traitements de fond de la sclérose en plaques. 

Pratique Neurologique - FMC. avr 2016;7(2):159‑65. 

Minden, P., Alter, M., & Kahana, E. (2007). Multiple sclerosis sibling pairs: Clustered onset 

and familial predisposition. Canadian Journal of Neurological Sciences, 34(5), 548–553. 

https://doi.org/10.1017/S0317167100006987 

Minden, S. L., Frankel, D., Hadden, L., Srinath, K. P., & Perloff, J. (2009). Treatment of 

acute relapses in multiple sclerosis. NeuroRehabilitation, 24(2), 147–159. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3557364/ 

Monk KR, Feltri ML, Taveggia C. New insights on Schwann cell development. Glia. 

2021;69(7):1471–1487. https://doi.org/10.1002/glia.23992 

Morand, A. (n.d.). Pratique de la rééducation neurologique. Nancy: Elsevier Masson. 

Retrieved from https://halldulivre.com/livre/9782294744020-pratique-de-la-reeducation-

neurologique-anne-de-morand/ 

Multiple sclerosis and related disorders. (2021). Multiple Sclerosis and Related Disorders, 54, 

103119. https://doi.org/10.1016/j.msard.2021.103119 

Neurology CPJ. (2023). Practical considerations for managing pregnancy in patients with MS. 

Neurology: Clinical Practice Journal, 13(1), 22–30. 

https://doi.org/10.1212/CPJ.0000000000200253 

Neurone - Encyclopédie Larousse en ligne [Internet]. [cité 25 fév 2020]. Disponible sur: 

http://www.larousse.fr/encyclopedie/animations/Neurone/1100038 

https://doi.org/10.1007/s10072-016-2692-5
https://doi.org/10.1016/s1474-4422(10)70135-6
https://doi.org/10.1016/s1474-4422(10)70135-6
https://doi.org/10.1017/S0317167100006987
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3557364/
https://halldulivre.com/livre/9782294744020-pratique-de-la-reeducation-neurologique-anne-de-morand/
https://halldulivre.com/livre/9782294744020-pratique-de-la-reeducation-neurologique-anne-de-morand/
https://doi.org/10.1016/j.msard.2021.103119
https://doi.org/10.1212/CPJ.0000000000200253


References  

 

      79 

Neurone - Encyclopédie Larousse en ligne. (2020, February 25). Retrieved from 

http://www.larousse.fr/encyclopedie/animations/Neurone/1100038 

Nociti, V., & Romozzi, M. (2022). Multiple sclerosis and autoimmune comorbidities. Journal 

of Personalized Medicine, 12(11), 1828. https://doi.org/10.3390/jpm12111828 

Ouallet, J.-C., & Brochet, B. (2004). Aspects cliniques, physiopathologiques, et 

thérapeutiques de la sclérose en plaques. EMC - Neurologie, 1(4), 415–457. 

p.145-216. Disponible sur : 

http://www.sciencedirect.com/science/article/pii/B9782294750205000168 

Papeix, C., Lubetzki, C., & Lyon-Caen, O. (2010). Traitements actuels de la sclérose en 

plaques. Presse Médicale, 39(3), 381–388. 

Pellegrini, L., Albecka, A., Mallery, D. L., Kellner, M. J., Paul, D., Carter, A. P., et al. (2020). 

SARS-CoV-2 infects brain choroid plexus and disrupts the blood-CSF barrier in human brain 

organoids. Cell Stem Cell, 27(6), 951–961.e5. 

Perea, G., Sur, M., & Araque, A. (2022). Communication between neurons and astrocytes: A 

focus on the role of gliotransmission. Nature Reviews Neuroscience, 23(2), 87–103. 

https://doi.org/10.1038/s41583-021-00539-7 

Polman, C. H., O'Connor, P. W., Havrdova, E., et al. (2006). A randomized, placebo-

controlled trial of natalizumab for relapsing multiple sclerosis. New England Journal of 

Medicine, 354(9), 899–910. https://doi.org/10.1056/NEJMoa044397 

Purvis, T., Jongen, P. J., Zwanikken, C., et al. (2022). Occupational outcomes in multiple 

sclerosis: A global scoping review. Multiple Sclerosis and Related Disorders, 60, 103701. 

https://doi.org/10.1016/j.msard.2022.103701 

Ramagopalan, S. V., Sadovnick, A. D., & Ebers, G. C. (2022). Genetics and familial 

distribution of multiple sclerosis: A review. Revue Neurologique, 178(6), 512–520. 

https://doi.org/10.1016/j.neurol.2021.11.009 

Rocha, A. H., et al. (2023). A systematic review of relapse rates during pregnancy and 

postpartum in women with relapsing MS. Journal of Neuroimmunology, 378, 577938. 

https://doi.org/10.1016/j.jneuroim.2023.577938 

Rotstein, D. L., Healy, B. C., Malik, M. T., Chitnis, T., & Weiner, H. L. (2018). Evaluation of 

no evidence of disease activity in a 7-year longitudinal multiple sclerosis cohort. JAMA 

Neurology, 75(1), 80–88. https://doi.org/10.1001/jamaneurol.2017.4010 

Sánchez-Bolaños, M., Fernández, O., Izquierdo, G., et al. (2020). Economic burden of 

multiple sclerosis in a population with low physical disability: The COBRA study. BMC 

Public Health, 20(1), 1207. https://doi.org/10.1186/s12889-019-6907-x 

http://www.larousse.fr/encyclopedie/animations/Neurone/1100038
https://doi.org/10.3390/jpm12111828
http://www.sciencedirect.com/science/article/pii/B9782294750205000168
https://doi.org/10.1038/s41583-021-00539-7
https://doi.org/10.1056/NEJMoa044397
https://doi.org/10.1016/j.neurol.2021.11.009
https://doi.org/10.1016/j.jneuroim.2023.577938


References  

 

      80 

Serafini, B., Rosicarelli, B., Magliozzi, R., et al. (2016). B-cell enrichment in meningeal 

ectopic lymphoid structures in MS. Annals of Neurology, 80(3), 365–377. 

https://doi.org/10.1002/ana.24718 

Silvestri, E., et al. (2020). Optimal management of multiple sclerosis during pregnancy: 

Current guidelines and emerging data. Journal of Clinical Medicine, 9(11), 3550. 

https://doi.org/10.3390/jcm9113550 

Soud, S. A. S., & Al-Rubae’i, S. H. N. (2022). Study of ABO system and multiple sclerosis 

disease in Iraq. Iraqi Journal of Science, 63(6), 2345–2353. 

https://doi.org/10.24996/ijs.2022.63.6.3 

StatPearls Publishing. (2022, October 10). Treasure Island (FL): StatPearls Publishing. 

Retrieved April 27, 2025, from https://www.ncbi.nlm.nih.gov/books/NBK542179/ 

Strober, L., Rojas, J. I., Menichini, C., et al. (2021). Employment status in people with 

relapsing multiple sclerosis from Argentina. Work, 70(4), 1235–1241. 

https://doi.org/10.3233/WOR-213446 

Sweeney, M. D., Zhao, Z., Montagne, A., Nelson, A. R., & Zlokovic, B. V. (2021). Blood–

brain barrier: From physiology to disease and back. Nature Reviews Neurology, 17(11), 741–

755. https://doi.org/10.1038/s41582-021-00598-1 

Thau, L., Reddy, V., & Singh, P. (n.d.). Anatomy, central nervous system. In StatPearls. 

StatPearls Publishing. Retrieved from https://www.ncbi.nlm.nih.gov/books/NBK537021/ 

The importance of managing modifiable comorbidities in people with multiple sclerosis: A 

narrative review. (2023). Journal of Personalized Medicine, 13(11), 1524. 

https://doi.org/10.3390/jpm13111524 

Thompson, A. J., Banwell, B. L., Barkhof, F., Carroll, W. M., Coetzee, T., Comi, G., et al. 

(2018). Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. Lancet 

Neurology, 17(2), 162–173. https://doi.org/10.1016/S1474-4422(17)30470-2 

Tourbah, A. (2008). Utilisation du natalizumab dans la sclérose en plaques : la deuxième 

révolution thérapeutique. La Presse Médicale, 37(1), 81–84. 

Vaheb, M., Nabavi, S. M., Mohammadi, A., & Baneshi, M. R. (2024). Parental consanguinity 

and familial aggregation in multiple sclerosis: A population-based study in Iran. Journal of 

Neuroimmunology, 391, 577969. https://doi.org/10.1016/j.jneuroim.2024.577969 

Varatharaj A, Galea I. The blood-brain barrier in systemic inflammation. Brain Behav Immun. 

2020;87:20–30. https://doi.org/10.1016/j.bbi.2020.01.031 

Verywell Health. Is MS hereditary or genetic? [Internet]. 2023 [cited 2025 May 15]. Available 

from: https://www.verywellhealth.com/is-ms-hereditary-8386169 

https://doi.org/10.3390/jcm9113550
https://doi.org/10.24996/ijs.2022.63.6.3
https://www.ncbi.nlm.nih.gov/books/NBK542179/
https://doi.org/10.1038/s41582-021-00598-1
https://www.ncbi.nlm.nih.gov/books/NBK537021/
https://doi.org/10.3390/jpm13111524
https://doi.org/10.1016/j.jneuroim.2024.577969


References  

 

      81 

Vidal. (2020, September 17). Bio-médicaments immunomodulateurs (et autres anticorps et 

protéines de fusion). Retrieved February 24, 2020, from 

https://www.vidal.fr/recommandations/4042/biomedicaments_immunomodulateurs_et_autres

_anticorps_et_proteines_de_fusion/prise_en_charge/ 

Wallin, M. T., Culpepper, W. J., Nichols, E., et al. (2019). Global, regional, and national 

burden of multiple sclerosis, 1990–2016: A systematic analysis. The Lancet Neurology, 18(3), 

269–285. https://doi.org/10.1016/S1474-4422(18)30443-5 

Warner, H. B., Merz, G. S., & Carp, R. I. (1980). Blood group frequencies in multiple 

sclerosis populations in the United States. Neurology, 30(6), 671. 

https://doi.org/10.1212/WNL.30.6.671 

Wattjes, M. P., Ciccarelli, O., Reich, D. S., Banwell, B., de Stefano, N., Enzinger, C., ... & 

Filippi, M. (2015). MRI in the diagnosis and monitoring of multiple sclerosis: 2015 consensus 

recommendations. Journal of Neurology, 262(1), 1–25. https://doi.org/10.1007/s00415-014-

7600-8 

Yamout, B. I., & Alroughani, R. (2021). Multiple sclerosis: Epidemiology and disease 

characteristics in the MENA region. Multiple Sclerosis and Related Disorders, 55, 103254. 

https://doi.org/10.1016/j.msard.2021.103254 

Zhou, Y., Zheng, J., Li, S., Zhou, T., Zhang, P., Li, H. B., ... & Xu, D. P. (2020). Natural 

polyphenols for prevention and treatment. Nutrients, 12(8), 2320. 

https://doi.org/10.3390/nu12082320 

Zrzavy, T., Hametner, S., Wimmer, I., Butovsky, O., Weiner, H. L., & Lassmann, H. (2021). 

Loss of ‘homeostatic’ microglia and patterns of their activation in active multiple sclerosis. 

Brain, 144(4), 1145–1156. https://doi.org/10.1093/brain/awab088 

https://doi.org/10.1016/S1474-4422(18)30443-5
https://doi.org/10.1212/WNL.30.6.671
https://doi.org/10.1016/j.msard.2021.103254
https://doi.org/10.3390/nu12082320


 

 

 

 

Appendices 



 

Appendix 1 : Materials 
 

Name Role Figure 

 

Infusion Pumps 
(PHIZHIX D-CP / 
FOURSS) 

 

 

 

Automatically deliver 

intravenous medications 

Natalizumab) at controlled 

rates, ensuring safety and 

precision. 

 

Brain MRI (with 

Gadolinium Contrast) 

Assesses the presence and 

activity of demyelinating 

lesions in the central nervous 

system. Gadolinium highlights 

active inflammation. 

 

IV Drug 

Administration Sets 

Allow safe infusion of 

medication into the 

bloodstream using sterile 

tubing, filters, and 

connectors. 

 



 

Reflex Hammer Tools used to evaluate 

neurological function 

including reflexes 

 

Visual Acuity Chart 

(Sloan 100%) 

Tools used to evaluate, vision 

 

Large Syringe (60 mL) Used to dilute and prepare 

monoclonal antibody 

treatments (e.g., 

Natalizumab), then transfer 

the solution into the infusion 

pump reservoir for controlled 

intravenous administration. 

 

Chronometer Used for the Timed 25-Foot 

Walk Test to measure walking 

speed in MS patients 

 



 

 Treatments 

Name Role Figure 

NATALIZUBAM Monoclonal antibody – Anti-

α4-integrin  

 

OCREVUS Monoclonal antibody – Anti-

CD20  

 

RITUXIMAB Monoclonal antibody – Anti-

CD20  

 



 

Normal Saline NaCl 

0.9% 

Isotonic physiological solution – 

Used for drug dilution and 

infusion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

FICHE DE RENSEIGNEMENT POUR LE DIAGNOSTIC ET LE TRAITEMENT DE 

LA SCLÉROSE EN PLAQUES 

1. Informations Générales du Patient 

- Numéro de dossier médical : ___________________________ 

- Nom et prénom : ________________________________ 

- Date de naissance : ____ / ____ / _______ Age:  

- Lieu de résidence:  

- Sexe : ☐ Homme ☐ Femme 

- Adresse : _______________________________________ 

- Téléphone : ___________________________ 

- État matrimonial : célibataire □ marié(e)□ divorcé(e)□ veuf (ve)□ 

- Profession: sans profession□ actif □ arrêt de travail □ 

2. Antécédents 

2.1. Antécédents médicaux 

Maladies auto-immunes: oui□ non □ 

ATCD infectieux : oui□ non □  si oui: □ Antécédents de LEMP 

                                                             □ Antécédents de tuberculose 

                                                             □ Autres 

Diabète: oui□ non □ 

4. Historique de la SEP  

Age de survenue des symptômes : ----------------------------- 

Symptômes révélateurs 

1. Troubles moteurs : monoparésie  □ paraparésie  □ hémiparésie □ 

tétraparésie □ 

2. NORB : oui□ non □    3. Troubles sensitifs :oui□ non□ 

4. Atteintes des nerfs crâniens : oui□ non□      5. Atteinte cérébelleuse : oui □ non□ 

6. Troubles sphinctériens : oui□ non □        7. Troubles sexuels: oui□ non□ 

8. Vertiges: oui□ non□      9. Fatigue: oui□ non□ 

Age au diagnostic :……………………………………………………… 

Durée d’évolution de la maladie avant le diagnostic …………………....  

La symptomatologie actuelle  

1. Troubles moteurs : oui□ non□    2. NORB : oui□ non □    3.Troubles sensitifs : oui□ 

non□ 

4. Atteintes des nerfs crâniens :oui□ non□  5. Atteinte cérébelleuse :oui □ non□ 

6. Troubles sphinctériens :oui□ non □     7.Troubles sexuels: oui□ non□ 

8. Vertiges: oui□ non□      8. Fatigue 

Évolution 

-L’intervalle entre la première et la deuxième poussée :…………………… 



 

Maladies cardiovasculaire: oui□ non □  

Affections respiratoires: oui□ non □ 

Affections neurologiques: oui□ non □ 

Hypersensibilité : oui□ non □  si oui: quelle classe/molécule: 

Grossesse: oui□ non □ 

2.2. Habitudes toxiques  

o Tabac : oui□ non□ 

o Alcool : oui□ non□ 

2.3. Antécédents chirurgicaux: oui □ non□ 

2.4. Antécédents gynéco-obstétricaux 

Contraception: oui□ non □ 

2.5. Antécédents familiaux  

Maladies neurologiques : ☐ Oui ☐ Non 

3. Examens complémentaires  

IRM initiale 

date    /    /      

Résultats: □ Pas de lésions  □ Lésions en T1, nombre:.........  □ Lésions en T2, nombre:.........  

□ Lésions en T2/FLAIR, nombre:......... 

-Le nombre de poussées avant le diagnostic :………………………………..  

- Forme clinique : Forme RR  □    Forme SP □     Forme PP □ 

5. Examen clinique 

5.1. Evaluation clinique initiale 

Capable de courir: oui□ non□ 

Périmètre de marche: illimité □ limité □ ==>  

Aide nécessaire: unilatérale □ bilatérale □  chaise roulante □ chaise motorisée □ 

5.2. Examen neurologique actuel 

Conclusion de l’examen neurologique complet (syndrome) :  

Syndrome pyramidal : oui □ non □      Syndrome cérébelleux : oui □ non □  

Syndrome vestibulaire : oui □ non □ Syndrome ataxospasmodique : oui □ non □ 

Syndrome cordonnal postérieur : oui □ non □ NORB : oui □ non □  Atteinte du TC : oui □ 

non □ Atteinte médullaire : oui □ non □  

Degré d’handicap EDSS :…………………………………………………..  



 

 

 



 

 
 



 

 

 



 

 




	730833aaf37173d8180fe2a5ed6e89a2e52c21b71d47669baa8ba7eeb75698a4.pdf
	0c9ed4310c5012c9520664a7e5092222612d9ca29588b1d7bd4b5b809a848310.pdf
	730833aaf37173d8180fe2a5ed6e89a2e52c21b71d47669baa8ba7eeb75698a4.pdf
	730833aaf37173d8180fe2a5ed6e89a2e52c21b71d47669baa8ba7eeb75698a4.pdf
	730833aaf37173d8180fe2a5ed6e89a2e52c21b71d47669baa8ba7eeb75698a4.pdf
	730833aaf37173d8180fe2a5ed6e89a2e52c21b71d47669baa8ba7eeb75698a4.pdf

