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Resum 

Considerant que els pacients amb esclerosi múltiple (EM) presenten un major risc de 

morbimortalitat secundari a infeccions i que aquest risc es troba incrementat en aquells amb 

tractament immunosupressors, quan la pandèmia de COVID-19 va començar va quedar 

palès que era crucial estudiar quins pacients amb EM presentaven major risc de COVID-19 

i com influïa el tractament en aquest risc. A més a més, donat que la majoria de tractaments 

alteren la resposta  immunitària humoral i/o cel·lular, aquesta resposta immunitària a la 

infecció o a la vacuna per SARS-CoV-2 es podria veure influenciada pels diferents 

tractaments. Per tot això, els objectius d’aquest estudi són els d’analitzar la incidència, la 

susceptibilitat i els factors de risc per a presentar un COVID-19 greu en pacients amb EM; 

el d’estudiar la resposta humoral i cel·lular després de la infecció i la vacunació en aquests 

pacients i el d’analitzar com s’ha modificat la pràctica clínica arran de la pandèmia. Amb 

aquest objectius en ment, vam dur a terme varis projectes de recerca. 

Durant la primera onada de la pandèmia, vam enviar una enquesta per correu electrònic a 

tots els nostres pacients per a detectar quins havien presentat la COVID-19, el que ens va 

permetre establir una incidència del COVID-19 en la nostra cohort del 6.3%. 

Addicionalment, vam trobar que els pacients més joves, amb una EM de més llarga 

evolució, que vivien a Barcelona ciutat i que havien estat amb contacte amb una persona 

infectada presentaven un risc més alt de COVID-19. En la nostre cohort, l’edat va ser l’únic 

factor independent que es va relacionar amb la severitat del COVID-19. Cap tractament va 

augmentar la susceptibilitat o la severitat del COVID-19.  

Seguidament, vam avaluar la resposta immunològica humoral i cel·lular al SARS-CoV-2 

dels pacients amb EM que havien presentat COVID-19. La resposta humoral es trobava 

disminuïda en els pacients tractats amb anti-CD20s i augmentada en aquells amb sexe 

masculí. Per contra, la resposta cel·lular es trobava disminuïda en pacients amb formes 

progressives de la malaltia. 

Quan les vacunes contra el SARS-CoV-2 van estar disponibles, vam realitzar l’estudi de 

resposta humoral i cel·lular després de la vacunació amb col·laboració de la unitat de 

neuroimmunologia i EM de l’hospital universitari de Girona Doctor Trueta/ Santa Caterina. 

Vam detectar que la resposta humoral es troba reduïda en els pacients tractats amb 

moduladors del receptors de la esfingosina 1-fosfats (SP1RM) o amb anti-CD20s. En 

aquests darrers, la resposta humoral augmentava quan més temps hagués passat entre la 

vacuna i la darrera infusió. A més a més, també vam detectar que una major durada del 
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tractament disminuïa la resposta humoral post-vacunal. La resposta cel·lular després de la 

vacuna estava disminuïda en aquells pacients amb SP1RM i majors de 50 anys. 

Finalment, vam avaluar com la pandèmia va impactar la practica clínica en el nostre centre 

mesurant el nombre de visites i ressonàncies magnètiques realitzades i el nombre i tipus de 

prescripció de tractaments fetes durant l’any 2020 i comparant-los amb els anys previs. Vam 

trobar que durant la pandèmia tant les visites com l’activitat radiològica es va mantenir però 

es va disminuir el nombre de prescripcions i es va modificar el patró de prescripció de 

fàrmacs d’alta eficàcia. Concretament, es va disminuir la prescripció d’anti-CD20s i es va 

augmentar la de natalizumab. 
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Summary 

Given that MS patients are at higher risk of morbimortality due to infection and that this risk 

is increased in those under immunosuppressant treatments, when the COVID-19 pandemic 

started it was crucial to study which MS patients where at higher risk of COVID-19 and how 

DMT influenced this risk. Additionally, as most MS treatments alter humoral and/or cellular 

immunity, these immunological responses to SARS-CoV-2 infection and vaccination may be 

modified by the different treatments. Therefore, the aim of this study is to analyze the 

incidence, susceptibility and severity risk factors for COVID-19 in MS patients, their humoral 

and cellular response to SARS-CoV-2 infection and vaccination and the modification in the 

clinical practice caused by the pandemic. With these objectives in mind, several research 

proposals were considered. 

First, we sent an online survey to all our patients to detect those who have had COVID-19, 

allowing us to estimate an incidence of COVID-19 of 6.3% in our cohort. Additionally, we 

found that younger patients, with a longer disease duration, living in Barcelona city and who 

had had contact with an infected person presented a higher risk of COVID-19. In our cohort, 

age was the only independent factor related to severity. No DMT was related to an increased 

risk of COVID-19 susceptibility or severity. 

Next, we evaluated the humoral and cellular immunological response of MS patients who 

had presented COVID-19. After COVID-19, humoral response decreased in in anti-CD20s-

treated patients and increased in male patients, whereas progressive forms decreased 

cellular response.  

When SARS-CoV-2 vaccines were available, we performed a humoral and cellular 

immunological response study after vaccination in collaboration with the Neuroimmunology 

and MS unit of the Doctor Trueta/Santa Caterina University Hospital of Girona. We detected 

that humoral response was reduced in SP1RM-treated and anti-CD20s-treated patients. In 

the later, the humoral response rate increased the longer the interval between last infusion 

and vaccination. A longer treatment duration also decreased humoral response to vaccines. 

The cellular response after vaccination was also blunted by SP1RM treatment and in 

patients over 50 years of age. 

Finally, we evaluated how the pandemic impacted the clinical practice in our center by 

analyzing the number of clinical visits, the number of magnetic resonance imaging studies 

and the number and type of treatment prescriptions during the year 2020 compared to 2019. 

We found that, during the pandemic, the clinical and radiological activity at our center were 
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maintained but the number of treatment prescriptions was reduced, and the pattern modified. 

Specifically, there was a change in the high efficacy prescription pattern where anti-CD20s 

therapy prescription was diminished while natalizumab prescription increased.



 

 

 

 
 
 
 
 
 

1. INTRODUCTION  
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1.1 SARS-CoV-2 and COVID-19 

1.1.1 Epidemiology  

The 2019 novel coronavirus disease (COVID-19) is a pandemic infection caused by severe 

acute respiratory syndrome (SARS) coronavirus two (SARS-CoV-2). The first infections 

were reported in China in late 2019. It rapidly spread around China and the rest of the world. 

The World Health Organization declared a global pandemic on 11 March 2020 (1). As of 

April 2022, the disease has spread all around the world with more than 510 million confirmed 

cases and 6.2 million deaths (2).  

 

1.1.2 Coronavirus virology and pathogenesis 

Coronavirus are enveloped positive-stranded RNA viruses. SARS-CoV-2 is a 

betacoronavirus as is the severe acute respiratory syndrome (SARS) virus. The viral 

envelope is coated by a spike (S) glycoprotein and by envelope (E) and membrane (M) 

proteins (3). 

The host receptor for SARS-CoV-2 cell entry is the angiotensin-converting enzyme 2 

(ACE2).(1) SARS-CoV-2 binds to ACE2 through the receptor-binding domain of its spike 

protein. Replication of the virus in the lung cells leads to non-specific symptoms such as 

fever, myalgia, headache, and respiratory symptoms. The distribution of ACE2 receptors in 

different tissues may explain the broad spectrum of COVID-19 symptoms from 

gastrointestinal symptoms (diarrhea) to neurological symptoms (anosmia) (4). However, the 

understanding of COVID-19 is constantly evolving. 

Like any other virus, SARS-CoV-2 virus has evolved over time with new mutations in its 

genome. Certain variants have become variants of concern because of their evidence of 

rapid transmission or clinical implications (5). In late 2020, the first variant of concern was 

identified and named alpha variant (B.1.1.7 lineage) and subsequently became the globally 

dominant variant. This variant was 50 to 75% more transmissible than the previous strains. 

The next global strain was the delta variant (B.1.617.2 lineage) and was first described in 

December 2020. In comparison with the alpha variant, it was said to be more transmissible 

and associated to a higher risk of severity. The last and actual global strain is the omicron 

variant (B.1.1.529 lineage) that was first described in November 2021 and by the end of 

December 2021 was the predominant global variant. This variant has been associated with 

increased transmissibility, increased risk of reinfection after the infection with other variants, 
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decreased susceptibility to neutralizing antibodies and decreased severity compared to 

other variants. Other variants of concern are the beta (B.1.351 lineage) and the gamma (P.1 

lineage) variant which did not become a global variant (6,7). It is expected that the ongoing 

rapid antigenic evolution of SARS-CoV-2 is likely to produce new variants that may escape 

immunity and be more severe (8). 

 

1.1.3 COVID-19 disease spectrum 

The COVID-19 disease course is highly heterogeneous, ranging from infectious but 

asymptomatic to severe disease and death. Initially, it was characterized by dry cough, fever, 

dyspnea, fatigue, anosmia and lymphopenia. 15% of infected patients present a severe 

disease with interstitial pneumonia because of alveolar damage that can lead to an acute 

distress respiratory syndrome (ADRS) or even death. ADRS is caused by the host reaction 

to the virus, which can also include antibody-mediated inflammation and a cytokine release 

syndrome that are thought to have a major impact on outcome (9). 

 

1.1.4 Severity risk factors 

Severe COVID-19 is defined as SARS-CoV-2 infection resulting in hospitalization, 

admission to the intensive care unit (ICU), intubation or mechanical ventilation, or death. It 

has been associated to advanced age and previous comorbidities (10).  

In the general population, older age is associated with a higher risk of hospitalization and 

mortality with 80% of deaths occurring in those aged ≥65 years (1,10–12). Male sex has 

also been associated to an increased mortality in multiple cohorts (12,13). Additionally, 

Black, Hispanic and Sothern Asian individuals are overrepresented in the severe cases in 

countries such as United States or United Kingdom which could be relate to underlying 

socioeconomical disparities (12,14). 

In relation to comorbidities, most of the severe cases present at least one comorbidity 

(1,10,12). Those that increase the risk of severe COVID-19 in a least one metanalysis are: 

cancer, cerebrovascular disease, chronic kidney disease, chronic lung disease, chronic liver 

disease, diabetes mellitus type 1 and type 2, Down syndrome, heart conditions (such as 

heart failure, coronary artery disease, or cardiomyopathies), Human Immunodeficiency 

Virus (HIV) infection, mental health disorders, dementia, obesity (Body Mass Index [BMI] 

≥30 kg/m2) and overweight (BMI 25 to 29 kg/m2), pregnancy, smoking (current and former), 
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sickle cell disease or thalassemia, solid organ or blood stem cell transplantation, 

tuberculosis and use of corticosteroids or other immunosuppressive medications. 

Nevertheless, there are some comorbidities such as hypertension or asthma where 

evidence of the increased severe risk is mixed (15). 

Numerous studies have demonstrated that COVID-19’s severity is closely related to the 

patient’s immune response. In this sense, some laboratory findings have been associated 

with an increased risk of severe COVID-19, these are: lymphopenia, thrombocytopenia, 

elevated liver enzymes, elevated lactate dehydrogenase, elevated inflammatory markers 

and inflammatory cytokines (interleukin 6 and tumor necrosis factor-alpha) and elevated D-

dimer (16). In some observational studies, hypovitaminosis D has also been associated to 

a poorer outcome, but multiple confounders likely impact the observed associations (17). 

The introduction of vaccines and the appearance of new milder variants such as the omicron 

variant has led to a decrease in the rates of intensive care unit admission (4 vs 21%) and 

death (1 vs 4.5%) (18,19). However, risk factors for a severe COVID-19 remain the same 

(age, previous comorbidities and male sex) specially in unvaccinated patients (20,21). 

 

1.1.5 SARS-CoV-2 vaccination 

SARS-CoV-2 vaccines are considered the most promising approach to control the 

pandemic. By the end of 2020, more than 180 vaccines against SARS-CoV-2 candidates, 

based on several different platforms, were in development. The platforms can be divided 

into ‘traditional’ approaches (inactivated or live-virus vaccines), platforms that have recently 

resulted in licensed vaccines (recombinant protein vaccines and vectored vaccines), and 

platforms that have yet to result in a licensed vaccine (RNA and DNA vaccines) such as the 

Pfizer/BioNTech and Moderna vaccines (22). Clinical trials of different vaccines started in 

late April 2020, demonstrating in some of them both safety and high efficacy, thus leading 

to the first emergency approval of a SARS-CoV-2 vaccine on December 2 (Pfizer/BioNTech 

vaccine) in the United Kingdom. This vaccine was shortly after granted an emergency 

authorization by the Food and Drug Administration and the European Medicines Agency 

(23). The Moderna vaccine was approved by the European Medicine Agency on January 

6th 2021 (24). In Spain, general vaccination started on December 27th with the 

Pfizer/BioNTech vaccine and it currently includes the COVID-19 mRNA vaccine BNT162b2 

(Pfizer-BioNTech COVID-19 vaccine), the COVID-19 mRNA vaccine mRNA-1273 (Moderna 

COVID-19 vaccine), the adenoviral vector vaccine Ad26.COV2.S (Janssen COVID-19 
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vaccine) (25) and the adenoviral vector vaccine ChAdOx1 nCoV-19/AZD1222 (University of 

Oxford/AstraZeneca COVID-19 vaccine) (26). 

Initially, SARS-CoV-2 vaccines’ phase 3 clinical trials excluded subjects with autoimmune 

diseases or immunosuppressive treatment, rending the efficacy and safety of the vaccine to 

be determined. Post-commercialization studies have corroborated the efficacy of many of 

these vaccines in these patients. 

 

1.1.6 Immune response to SARS-CoV-2 

1.1.6.1 Humoral and cellular immune response following infection 

After SARS-CoV-2 infection, most patients develop detectable antibodies against the 

receptor-binding domain of the viral spike protein and the nucleocapsid protein (27). 

Antibodies with the capacity to restrict virus growth known as neutralizing antibodies 

correlate with IgG anti-spike protein (28). The magnitude of the antibody response is 

associated with the severity of the disease, as some patients with asymptomatic or mild 

disease fail to produce neutralizing antibodies (29,30). In general, antibody titers can 

increase during the first two months after infection and decline progressively afterwards. 

However, neutralizing activity has been reported up to 12 months after infection (31–34). 

Neutralizing activity is the best current evidence associated with protection from subsequent 

infection and reinfection (28). Long-term memory humoral response has been demonstrated 

by some studies that have detected specific memory B cells and plasma cells against the 

spike protein (33,34). 

Specific SARS-CoV-2 CD4 and CD8 T cell response has also been identified in 

convalescent COVID-19 patients (35,36). The T-cell response develops over a period of 10-

20 days post-infection. Similarly to the humoral response, increasing disease severity is 

associated with a more robust T-cell response (35). In several studies, the magnitude of 

cellular responses in COVID-19 patients correlated with antibody titers.  

Robust long-term specific cellular response has been described at least 12 months after 

infection (33,34,37). Memory T-cells can improve future immune responses by offering a 

more efficient support to activated B cells responding to the spike protein (memory CD4 T 

cells) or through direct lysis of SARS-CoV-2 infected cells (CD8 memory T cells) (38,39). 
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1.1.6.2 Immune response following vaccination 

All approved SARS-CoV-2 vaccines have demonstrated to induce anti-Spike IgG antibodies 

and neutralizing antibodies with high proportions of seroconversion (40,41). Some vaccine 

regimens have shown higher anti-S titers and neutralization capacity after vaccination 

compared to natural infection (28). 

Different studies have shown that SARS-CoV-2 vaccines induce rapid antigen-specific 

CD4+ T cell responses after the first dose, whereas CD8+ T cell responses develop more 

gradually (41). Specific cellular response correlated with neutralizing antibodies (42). 

However, the significance of cellular responses for susceptibility, independent of memory B 

cell responses, remains unclear (43). 

 

1.2 Multiple sclerosis 

1.2.1 Epidemiology and pathophysiology 

Multiple Sclerosis (MS) is a chronic immune-mediated demyelinating disease of the central 

nervous system (CNS). The prevalence in Catalonia is of 73-80 cases per 100.000 people 

and is the leading cause of disability in young adults (44). Although the etiology of the 

disease is unknown, a complex interaction between multiple genetic and environmental 

factors is thought to be responsible for disease development. MS starts around 30 years of 

age and 80% of patients present with an acute, often monofocal, episode, which is known 

as clinically isolated syndrome (CIS). A CIS can have diverse clinical manifestations (visual 

disorder, walking impairment, sensory symptoms, urinary problems..) (45). The diagnosis of 

MS is confirmed by a combination of clinical, biological and radiological criteria (McDonald 

criteria 2017).(46) Natural history studies show that patients suffer successive clinical 

attacks and with time, recovery from each episode is incomplete and persistent symptoms 

accumulate. Eventually, around 65% of patients enter a progressive phase. Although 

different risk factors for disability progression have been suggested, currently it is not yet 

possible to successfully identify which patients will develop a progressive phase and which 

will show a faster progression of disability at the individual level (47). The impact of the 

disease is associated with lower employment rate (66% of patients stop working at 15 years 

of illness), limitations in social interaction, and greater dependence, greatly reducing the 

quality of life of people with MS (48). 
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1.2.2 Differential diagnosis 

The differential diagnosis of MS includes a several inflammatory, vascular, infectious, 

genetic, granulomatous, and other demyelinating disorder, but depends on the clinical 

setting. The differential diagnosis differs depending on the syndrome, the topography and 

the characteristics of the MRI lesions and demographic-related characteristics of the patient 

(49). At the time of the CIS, red flags such as hyperacute presentation or encephalopathy, 

should arise the suspicion of alternative diagnoses (50,51). 

Some inflammatory diseases such as systemic lupus erythematosus, Sjögren's disease, 

Behçet's disease, Susac's syndrome, and sarcoidosis; infections like Lyme neuroborreliosis, 

neurosyphilis and retroviral; or mitochondrial diseases such as cerebral autosomal dominant 

arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) can produce 

multiple T2 hyperintense lesions on MRI that can be mistaken by MS (52). 

A number of inflammatory-demyelinating disorders of the CNS must be considered in the 

differential diagnosis of MS, including acute disseminated encephalomyelitis (ADEM), 

Neuromyelitis Optica Spectrum Disorder (NMOSD) and myelin oligodendrocyte glycoprotein 

(MOG) antibody-associated disease (MOGAD) (49). The physiopathology of these disorders 

and MS is different in many pathways (53), however they all present aberrant B-cell 

responses like impairment of B regulatory activity, heightened production of proinflammatory 

cytokines, and complement activation (54). Therefore, they all may benefit from B-cell 

depleting therapies such as anti-CD20s (54). 

ADEM is an autoimmune demyelinating disease of the CNS that presents with rapid 

development of focal or multifocal neurologic dysfunction and can begin following a viral 

infection or vaccination (55,56). 

NMOSD is an inflammatory disorder of the CNS characterized by severe, immune-mediated 

demyelination and axonal damage predominantly targeting the optic nerves and spinal cord, 

but also the brain and brainstem, that is caused by pathogenic immunoglobulin G antibodies 

directed at the astrocytic endfoot aquaporin 4 water channel (57). 

MOGAD is another disorder that starts with a variety of manifestations related to CNS 

demyelination (optic neuritis, ADEM, transverse myelitis, encephalitis, etc.) and can present 

a monophasic or relapsing course. Its diagnosis is supported by a serum positivity for MOG 

antibody (58,59). 
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1.2.3 Disease Modifying Treatments (DMT) 

1.2.3.1 DMTs types and mode of action 

There is currently no cure for MS, but existing immunomodulatory and immunosuppressive 

disease-modifying therapies (DMTs) reduce the number of clinical relapses, radiological 

activity and may be helpful to decrease the probability of disability progression (60). 

Approved immunosuppressive treatments include cladribine, fingolimod, siponimod, 

alemtuzumab, ocrelizumab and natalizumab and the approved immunomodulatory 

treatments are interferons, glatiramer acetate, teriflunomide and dimethyl fumarate. 

Rituximab, an anti-CD20 therapy, is being used off-label in relapsing and progressive MS 

form (60,61). Table 1 summarizes the mode of action and effect on the immune system of 

each DMT and how said mechanism of action may influence response to vaccination. 

 

Table 1. Mode of action, effect on the immune system, viral infection risk and vaccine 
response of the different treatments in MS  

Class DMT Mode of action 
(60) 

Effect on 
immune system 

(62) 
Viral infection risk 

(62) 
Vaccine response 

(63,64) 

Interferon-
beta 

Immunomodulatory, 

pleiotropic 
Lymphopenia 

Possible antiviral 

effect 

Adequate immune 
responses to a variety 

of vaccine 

mechanisms 

Glatiramer 
acetate 

Immunomodulatory 
Rare leukocytosis 

or mild leukopenia 

Herpesvirus (single 

cases) 

Reduced immune 

responses to 

influenza compared 
to controls 

(inactivated vaccine) 

Teriflunomide 

Dihydro-orotate 

dehydrogenase 
inhibitor (reduced 

de novo pyrimidine 

synthesis),anti-
proliferative 

Neutropenia 

Case reports in MS 
patients with other 

immunosuppressive 

treatments 

Modest negative 

effects on immune 
response to influenza 

and rabies vaccines.  

Incompatibility with 
attenuated vaccines 

Dimethyl 
fumarate 

Pleotropic, Nrf2 
activation, 

downregulation of 

NFΚβ 

Lymphopenia 

JCV in patients with 

MS and psoriasis and 
in patients treated 

with other 

immunosuppressive 
treatment 

Adequate immune 

responses to 

influenza. 
Incompatibility 

attenuated vaccines 
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SP1RM 
(Fingolimod 
or siponimod) 

Sphingosine 

1-phosphate 

receptor functional 

antagonist 

Peripheric 

lymphopenia 
Herpesvirus 

Blunted responses to 

influenza inactivated 
and toxoid vaccines. 

Incompatibility 

attenuated vaccines 

Natalizumab 
Anti-α4-integrin 

antibody 

Diminished 
immune 

surveillance in the 

CNS 

JCV (PML) and 

herpesvirus 

Adequate immune 

responses to 
influenza. 

Cladribine 

Synthetic purine 

nucleoside 

analogue that 
inhibits DNA 

synthesis 

selectively, mainly 
in circulating T cells 

and B cells 

Depletion: 

immature B cells 

(6-9 months), 
memory B cells 

(>1 year), CD4 

(40-50%), CD8 
(30-40%), NK 

(50%) 

Limited increased risk 

(some herpesvirus) 
No relevant studies 

Anti-CD20s 
(ocrelizumab, 
rituximab or 
ofatumumab) 

Anti-CD20 antibody 

Depletion: 

Immature B cells, 

memory B cells, 
CD4 (40-50%), 

CD8 (30-40%), 

NK (50%) 

Long-term use 

increases severe 

infection risk  
Hepatitis B and C 

viruses’ reactivation 

JCV (PML) 

Impaired vaccine 

responses, especially 
to neoantigens and T 

cell-independent 

antigens. 
Incompatibility 

attenuated vaccines 

Alemtuzumab 
Monoclonal 

anti-CD52 antibody 

Depletion: 
immature B cells 

(3-6m), memory B 

cells (>1 year), 
CD4 (70-90%), 

CD8 (70-90%), 

NK (40%), 

Monocytes (1-2 
months), 

Neutrophiles 

Early infection risk 

(Herpesvirus) 

Responses to 

multiple vaccine types 

but blunted for 
vaccinations within 6 

months of dosing 

 

1.2.3.2 DMTs and infection risk 

Patients with MS have been shown to be at a higher risk of viral infections and related 

mortality than the general population (65,66). Some studies suggest that infections in MS 

patients may increase the risk of relapses, radiological activity o increase progression 

(67,68). Additionally, with the rise of immunosuppressive treatment use, the infection rate is 

MS patients has increased. These new treatments may alter humoral and/or cellular 
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immunity, leading to an increased risk of latent infections reactivation or acquiring new 

infections (69,70). 

It is unclear whether immunosuppressive therapy may be beneficial or detrimental to the 

immune response against SARS-CoV-2 infection: while it might impair the immune system’s 

ability to control viral replication, an exaggerated immune response has been associated 

with a severe disease in the general population (71). Preliminary data suggest that although 

MS patients do not have an increased risk of COVID-19 compared to the general population, 

anti-CD20s therapies may increase both the risk and the severity of COVID-19 in MS 

patients (72–74). 

 

1.2.3.3 DMTs and vaccine response 

Although some studies have shown that vaccines are safe in patients with MS (75,76), 

questions remain about the effectiveness of vaccines in patients already under 

immunosuppressive drugs because they can interfere with the immune response to the 

vaccine (77). The few available studies show different immune response depending on the 

DMT, with a good response to influenza vaccine in patients under treatment with interferon, 

teriflunomide, and dimethyl fumarate, but a certain reduction in the vaccine response in 

patients undergoing treatment with fingolimod, natalizumab or ocrelizumab compared with 

healthy controls (63). 

The evidence regarding the immunogenicity of vaccines in patients with MS comes from a 

few clinical trials conducted in the context of the preclinical and clinical drug development 

(78–80). Specifically in B-cell-depleting treatments, the clinical trial VELOCE showed that in 

patients treated with ocrelizumab, vaccine responses to neoantigens and T cell-independent 

antigens are significantly impaired with a diminished humoral response (81).
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Considering that MS patients present an increased risk of morbimortality due to infections, 

getting to know the relationship between SARS-CoV-2 infection and MS patients is critical, 

especially in those with immunosuppressive treatment.  

Although there are some studies on the risk factors for COVID-19 susceptibility and severity, 

humoral and cellular response to COVID-19 and clinical trials demonstrating the efficacy 

and safeness of SARS-CoV-2 vaccines, most were conducted in healthy people without 

autoimmune diseases. Therefore, there are still important gaps in knowledge at three main 

levels: 1) the COVID-19 susceptibility and severity risk factors in patients with 

immunosuppressive treatments, 2) the humoral and cellular response to COVID-19 in 

patients with immunosuppressive treatments and 3) the unknown immune response and 

effectiveness of SARS-CoV-2 vaccination in the context of immunosuppressive therapies. 

Therefore, understanding the risk factors for severe COVID-19 in MS patients, how the 

impact of different treatments on the immune response against SARS-CoV-2 infection varies 

in MS and other autoimmune diseases, and how this may affect the effectiveness of the 

vaccines is imperative for the safe management of MS patients during the COVID-19 

pandemic. Consequently, the aims of this study are to investigate the susceptibility and 

severity risk factors of COVID-19, the serological and cellular response to COVID-19 

infection or SARS-CoV-2 vaccination in patients with MS and other autoimmune disease 

under immunosuppressive treatments and to evaluate the changes implemented in clinical 

practice due to these risk factors and the COVID-19 pandemic. 



¡ 

 

  



¡ 

 

 
 
 
 
 
 

3. HYPOTHESES  



¡ 

 

  



HYPOTHESES |  
 

 

37 

 

1. COVID-19 incidence, susceptibility and severity are higher in MS patients who 

receive immunosuppressive treatments than in those without immunosuppressive 

treatments or untreated, and susceptibility can be influenced by other 

demographical, clinical or laboratory variables. 

 

2. MS patients treated with immunosuppressive treatments who had COVID-19 have a 

reduced and shorter-lived humoral and cellular immunity against SARS-CoV-2 

infection than MS patients with other treatments or no treatment. 

 

3. People with MS or other autoimmune disease treated with immunosuppressive 

treatments who have been vaccinated against SARS-CoV-2 have a reduced humoral 

and cellular immunity against SARS-CoV-2 vaccine compared to MS patients with 

other treatments or no treatment. 

 

4. During the COVID-19 pandemic the number of clinical visits, magnetic resonance 

imaging studies and immunosuppressive treatment prescriptions will be reduced 

compared to the year prior to the pandemic. 



 

 

  



 

 

 
 
 
 
 
 

4. OBJECTIVES   
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Main objective 

To investigate the susceptibility and severity risk factors of COVID-19 and the immunological 

responses to SARS-CoV-2 infection and vaccination in patients with MS and other 

autoimmune disease under immunosuppressive treatments and to evaluate the changes 

implemented in clinical practice due to these factors. 

 

Secondary objectives 

1. To determine the incidence of SARS-CoV-2 infection and susceptibility and severity 

risk factors in MS patients. 

 

2. To determine the humoral and cellular responses against SARS-CoV-2 infection and 

their persistence in patients with MS treated with immunosuppressive treatments 

compared to patients with MS under other treatments or without treatment. 

a. To determine the demographic, clinical and laboratory factors that influence 

the presence and persistence of humoral and cellular immune responses to 

SARS-CoV-2 infection. 

 

3. To determine the humoral and cellular responses against SARS-CoV-2 vaccines in 

patients with MS or other autoimmune disease treated with immunosuppressive 

treatments compared to patients with MS under other treatments or without 

treatment. 

a. To determine the demographic, clinical and laboratory factors that influence 

the presence of humoral and cellular immune responses to SARS-CoV-2 

vaccine. 

 

4. To describe the impact of the COVID-19 pandemic on the number of clinical visits, 

magnetic resonance scans and treatment prescriptions at Cemcat compared to the 

year prior to the pandemic. 



¡ 

 

  



¡ 
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5.1  Article 1 

COVID-19 in multiple sclerosis patients: susceptibility, severity risk factors 
and serological response 

Ana Zabalza, MD, Simón Cárdenas-Robledo, MD, Paula Tagliani, MD, Georgina 

Arrambide, MD, PhD,  Susana Otero-Romero1, MD, PhD, Pere Carbonell-Mirabent, Marta 

Rodriguez-Barranco, Breogán Rodríguez-Acevedo, MD, Juan Luis Restrepo Vera, MD, 

Mireia Resina-Salles, RN, Luciana Midaglia, MD, Ángela Vidal-Jordana, MD, PhD, Jordi Río, 

MD, PhD, Ingrid Galan, MD, Joaquin Castillo, MD, PhD, Álvaro Cobo-Calvo, MD, PhD, 

Manuel Comabella, MD, PhD, Carlos Nos, MD, Jaume Sastre-Garriga, MD, PhD, Mar 

Tintoré, MD, PhD and Xavier Montalban, MD, PhD 

Eur J Neurol. 2021;00(1-13):ene.14690. doi:10.1111/ene.14690 
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5.1.1 Supplementary material 

Table 1. Demographic characteristics, COVID-19 previous contact, MS 
characteristics, DMTs and previous laboratory findings of the survey respondents 
treated with anti-CD20 monoclonal antibodies according to COVID-19 disease 

 COVID-19 
n=10 

NON COVID-19 
n=129 

 

DEMOGRAPHICS AND MS 
 Age years, mean (SD) 40.89 (9.42) 45.58 (10.24)  

 Female, n (%) 6 (60.0) 79 (61.2)  

 Any comorbidity, n(%) 2 (20.0) 29 (22.5)  

 2 or more comorbidities, n(%) 1 (10.0) 24 (18.6)  
 RRMS, n(%) 5 (50.0) 53 (41.1) 

 
 Progressive MS, n(%)‡ 5 (50.0) 76 (58.9) 

 
Disease duration in years, 
median (IQR) 

15.79 (11.17) 10.93 (15)  

 EDSS, median (IQR) 4.0 (4.5) 2 (3)  

 Corticoids past 3 months, n (%) 1 (10.0) 2 (1.6)  

 
Treatment duration in years, 
median (IQR) 

2.77 (3.14) 1.19 (1.32)  

     
PREVIOUS LABORATORY FINDINGS 

 
Lymphocyte count, median 
(IQR)1 

1400 (1000) 
1720 (980) 

 
 

  
Absolute lymphocyte count 
<1000/ul, n (%)1 

2 (22.2) 17 (16.2)  

  Lymphopenia grade 1, n(%)1 2 (22.2) 16 (15.2) 

 
  

Lymphopenia grade 2-4, 
n(%)1 

- 1 (1.0) 

 CD19+ count, median (IQR)2 0 (0) 

 

0 (0) 
 

 

 CD19+ %, median (IQR)2 0.01 (0.01) 0.03 (0.16)  
 IgM, median (IQR)3 52 (12) 83 (71)  
 IgM < 40, n(%)3 - 13 (16.0)  
 IgA, median (IQR)3 194 (57) 190 (126)  
 IgA <70, n(%)3 - 2 (2.5)  
 IgG, median (IQR)4 794 (534) 943 (351)  
 IgG <700, n(%)4 3 (42.9) 13 (15.5)  

Count of total cases of variables with missing information: 1Covid=9. Non covid=110; 2Covid=5. Non covid=75; 
3Covid=5. Non covid=81; 4Covid=7. Non covid=84.  
‡Progressive MS includes PPMS and SPMS 

Significant p-values (p≤0.05) are marked with *  
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5.2 Article 2 

Humoral and Cellular Responses to SARS-CoV-2 in Convalescent COVID-19 
Patients with Multiple Sclerosis 

Ana Zabalza, Georgina Arrambide, Paula Tagliani, Simón Cárdenas-Robledo, Susana 

Otero-Romero, Juliana Esperalba, Candela Fernandez-Naval, Jesus Trocoli Campuzano, 

Mónica Martínez Gallo, Mireia Castillo, Mercè Bonastre, Mireia Resina Sallés, Jordina 

Beltran, Pere Carbonell-Mirabent, Marta Rodríguez-Barranco, Samuel López-Maza, Pedro 

José Melgarejo Otálora, Mariano Ruiz-Ortiz, Agustin Pappolla, Breogán Rodríguez 

Acevedo, Luciana Midaglia, Angela Vidal-Jordana, Alvaro Cobo-Calvo, Carmen Tur, Ingrid 

Galán, Joaquín Castilló, Jordi Río, Carmen Espejo, Manuel Comabella, Carlos Nos, Jaume 

Sastre-Garriga, Mar Tintore, Xavier Montalban 

Neurol Neuroimmunol Neuroinflamm Mar 2022, 9 (2) e1143; 

doi:10.1212/NXI.0000000000001143 
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5.2.1 Supplementary material 

Table 1. Univariable and multivariable analysis of SARS-CoV-2 positive humoral 
response in anti-CD20 treated patients 

 OR (95% CI) p-value 

UNIVARIABLE ANALYSISc   
Age – mean (SD) 0.98 (0.92-1.05) 0.652 
Male sex – n (%) 2.13 (0.42-10.89) 0.348 
Any comorbiditya– n (%) 0.40 (0.09-1.77) 0.215 
Obesity – n (%) 14.64 (0.43-50.38) 0.165 
Progressive MSb – n(%) 0.72 (0.17-2.99) 0.658 
EDSS 1. – n(%) 0.87 (0.17-1.07) 0.061 
Disease duration, years – median (IQR) 1.05 (0.19-4.02) 0.854 
Corticosteroids last 3 months –  n (%) - - 
DMTs – n (% of the row)   
  Ocrelizumab REF  
  Rituximab 0.48 (0.07-3.19) 0.438 
  Other anti-CD20 0.40 (0.03-6.22) 0.498 
Treatment duration, years – median (IQR) 0.82 (0.42-1.59) 0.551 
Time of COVID-19 since last infusion, months – 
median (IQR) 1.28 (0.96-1.69) 0.088 

Time of serology since last infusion, months –median 
(IQR) 1.08 (0.86-1.34) 0.518 

Previous lymphocyte count –median (IQR) 1.00 (0.99-1.00) 0.862 
Previous IgG count – median (IQR)1 1.00 (0.99-1.00) 0.284 
Previous IgM count – median (IQR)1 1.02 (0.98-1.04) 0.283 
Previous IgA count –median (IQR)1 1.02 (0.99-1.04) 0.051 
Negative RT-PCR – n (%) REF REF 
Positive RT-PCR – n (%) - 0.072 
 RT-PCR not performed – n (%) - - 
COVID-19 symptoms – n (%) 4.90 (0.40-59.64) 0.166 
COVID-19 severe-critical course – n (%) 2.78 (0.44-17.56) 0.259 
Time of serologies after COVID-19 diagnosis, 
months– mean (IQR) 1.08 (0.92-1.27) 0.343 

   
MULTIVARIABLE ANALYSISd   
Age  0.98 (0.87-1.11) 0.843 
Male sex 1.38 (0.19-10.21) 0.755 
Any comorbidity 0.29 (0.04-2.28) 0.242 
Progressive MS 2.41 (0.15-38.25) 0.433 
EDSS ≥3.0 0.25 (0.01-4-55) 0.348 
Treatment duration, years 0.52 (0.20-1.31) 0.162 
Time of COVID-19 since last infusion, months  1.51 (1.01-2.24) 0.042* 
COVID-19 severe-critical course 14.06 (1.02--192.68) 0.048* 

 

Total cases: 33; 14 (42.4%) with negative serology and 19 (57.6%) with positive serology. Count of total cases of variables with missing information: n1= 24. aAny 

comorbidity includes obesity, lung disease, cardiovascular disease, diabetes, hypertension, haematological benign disease, chronic kidney disease, liver disease, HIV 

or malignancy. bProgressive MS includes secondary progressive multiple sclerosis (SPMS) and primary progressive multiple sclerosis (PPMS). cStatistical analysis was 

performed using a not adjusted logistic regression model. dStatistical analysis was performed using a logistic regression model adjusted for age, sex, presenting any 

comorbidity, MS phenotype EDSS, DMTs, COVID-19 severity and months of the serology after COVID-19. Abbreviations: MS: multiple sclerosis; SD: standard deviation; 

IQR: interquartile range; EDSS: Expanded Disability Status Scale: DMT: disease modifying therapy; IgG, IgM, IgA: immunoglobulin G, M or A; RT-PCR: reverse 

transcription-polymerase chain reaction. % is the proportion of patients of the column with that variable if not otherwise specified. 
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Table 2. Clinical and demographic characteristics of the cohort in relation to SARS-
CoV-2 cellular response 

 TOTAL 
n=42 

NEGATIVE CELL 
RESPONSE 

n=17 

POSITIVE CELL 
RESPONSE 

n=25 
OR (95% CI)c p-valuec 

Age – mean (SD) 47.86 (11.91) 46.64 (12.59) 48.69 (12.59) 1.02 (0.96-1.07) 0.580 

Male sex – n (%) 17 (40.48) 7 (41.18) 10 (40.0) 0.95 (0.27-3.39) 0.940 

Any comorbiditya– n (%) 21 (50.0) 6 (35.29) 15 (60.0) 2.75 (0.73-10.42) 0.120 

Obesity – n (%) 8 (19.05) 3 (17.65) 5 (20.0) 1.17 (0.23-5.81) 0.851 

Progressive MSb – n(%) 11 (35.48) 8 (47.06) 8 (32.00) 0.53 (0.14-1.94) 0.330 

EDSS ≥3.0 – n(%) 25 (59.52) 10 (58.82) 15 (60.0) 1.05 (0.30-3.74) 0.940 

Disease duration, years – median (IQR) 14.1 (11.9) 14.0 (14.3) 14.7 (9.7) 1.02 (0.95-1.10) 0.604 

Corticosteroids last 3 months  –  n (%) 0 0 0 - - 

DMTs – n (% of the row )      

  No treatment 5 (100) 2 (40.0) 3 (60.0) REF  

  Interferon β 4 (100) 1 (25.0) 3 (75.0) 2.00 (0.09-44.35) 0.655 

  Glatiramer acetate 2 (100) 2 (100) 0 - 0.074 

  Dimethyl fumarate 4 (100) 3 (75.0) 1 (25.0) 0.22 (0.01-5.83) 0.322 

  Teriflunomide 0 0 0 - - 

  Fingolimod 2 (100) 1 (50.0) 1 (50.0) 0.67 (0.02-23.88) 0.823 

  Natalizumab 1 (100) 0 1 (100) - 0.653 

  Alemtuzumab 1 (100) 0 1 (100) - 0.655 

  Cladribine 2 (100) 1 (50.0) 1 (50.0) 0.67 (0.02-23.88) 0.527 

  Ocrelizumab 2 (100) 0 2 (100) - 0.527 

  Rituximab 15 (100) 6 (40.0) 9 (60.0) 1.00 (0.12-8.33) 1.000 

  Other anti-CD20 4 (100) 0 4 (100) 2.00 (0.09-44.35) 0.655 

  Other DMTs 0 0 0 - - 

Anti-CD20 22 (100) 7 (33.33) 14 (66.67) 1.81 (0.51-6.51) 0.351 

Treatment duration, years – median (IQR) 1.9 (2.9) 1.2 (2.1) 2.1 (2.3) 1.04 (0.92-1.17) 0.489 
Time of COVID-19 since last infusion, 
months – median (IQR)1 4.3 (5.2) 5.2 (5.5) 2.2 (4.1) 0.88 (0.70-1.10) 0.259 

Time of cellular determination since last 
infusion, months – median (IQR)1 3.01 (4.5) 2.74 (4.66) 3.09 (4.6) 1.08 (0.86-1.36) 0.505 

Previous lymphocyte count –median (IQR) 1400 (1000) 1600 (900) 1400 (940) 1.00 (0.99-1.00) 0.637 

Previous IgG count – median (IQR)2 869 (282.5) 869 (349) 863 (289) 0.99 (0.99-1.00) 0.683 

Previous IgM count – median (IQR)2 86 (48.5) 90.5 (48) 79.5 (56) 0.99 (0.96-1.03) 0.901 

Previous IgA count – median (IQR)2 193 (112) 173.5 (70) 194 (92) 1.01 (0.99-1.03) 0.350 

Negative PCR – n (%) 1 (2.38) 1 (5.88) 0 REF  

Positive PCR – n (%) 30 (71.43) 12  (70.59) 18 (72.0) - 0.239 

RT-PCR not performed – n (%) 11 (26.19) 4 (23.53) 7  (28.0) - 0.237 

COVID-19 symptoms – n (%) 40 (95.24) 15 (88.24) 25 (100.0) 3.00 (0.16-55.56) 0.082 

COVID-19 severe-critical course – n (%) 7 (16.67) 0 7 (28.0) - 0.018* 

Positive SARS-CoV-2 antibodies – n (%) 32 (76.19) 12 (70.59) 20 (80.0) 1.67 (0.39-7.18) 0.487 
Time of cellular study after COVID-19 
diagnosis, months – mean (IQR) 6.95 (7.20) 6.21 (5.56) 10.78 (7.69) 1.05 (0.91-1.23) 0.475 

 
Count of total cases of variables with missing information: n1= 25, , n2= 16 
aAny comorbidity includes obesity, lung disease, cardiovascular disease, diabetes, hypertension, hematological benign disease, chronic kidney disease, liver disease, 
HIV or malignancy. bProgressive MS includes secondary progressive multiple sclerosis (SPMS) and primary progressive multiple sclerosis (PPMS). cStatistical analysis 
was performed using a not adjusted logistic regression model. Abbreviations: MS: multiple sclerosis; SD: standard deviation; IQR: interquartile range; EDSS: Expanded 
Disability Status Scale: DMT: disease modifying therapy; IgG, IgM, IgA: Immunoglobulin G, M or A; RT-PCR: reverse transcription-polymerase chain reaction % is the 
proportion of patients of the column with that variable if not otherwise specified. 
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Table 3. Humoral and cellular response of the cohort in relation to treatment and 
COVID-19 severity 

 

COVID-19 severity is categorized as (1) mild–moderate disease if patients had no signs or symptoms of pneumonia or a mild pneumonia and (2) severe–critical disease 

if they presented dyspnea, or a respiratory rate of ≥30 breaths per minute or a blood oxygen saturation of ≤93%, or a ratio of the partial pressure of arterial oxygen to 

the fraction of inspired oxygen of <300 mmHg, or infiltrates in >50% of the lung field within 24–48 h from the onset of symptoms and/or organ or multiple organ failure 

  

  NEGATIVE SEROLOGY POSITIVE SEROLOGY 

TOTAL   Negative  
cell response 

Positive  
cell response 

Negative  
cell response 

Positive  
cell response 

Untreated 

Mild-moderate 1 0 1 2 4 

Severe-critical 0 0 0 1 1 

Total- n (% row) 1 (20) 0 1 (20) 3 (60) 5 

Anti-CD20s 

Mild-moderate 2 4 5 5 16 

Severe-critical 0 1 0 4 5 

Total- n (% row) 2 (9.5) 5 (23.8) 5 (23.8) 9 (42.9) 21 

Other DMTs 

Mild-moderate 2 0 6 7 15 

Severe-critical 0 0 0 1 1 

Total- n (% row) 2 (12.5) 0 6 (37.5) 8 (50) 16 

TOTAL 

Mild-moderate - 
n (% row) 5 (14.3) 4  (11.4) 12 (34.3) 14 (40) 35 

Severe-critical - 
n (% row) 0 1 (14.3) 0 6 (85.7) 7 

Total- n (% row) 5 (11.9) 5 (11.9) 12 (28.6) 20 (47.6) 42 
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Table 4. Clinical and demographic characteristics of the cohort in relation to SARS-
CoV-2 humoral persistence 6 months after COVID-19 

 TOTAL 
n=53 

NO 
PERSISTENCE 

n=10  

PERSISTENCE  
MORE THAN  
6 MONTHS 

n=43 

OR (95% CI)c p-valuec 

Age – mean (SD) 46.75 (12.15) 44.09 (10.60) 47.37 (12.51) 1.02 (0.96-1.09) 0.440 

Male sex – n (%) 24 (45.28) 3 (30.00) 21 (48.84) 2.22 (0.49-10.08) 0.286 

Any comorbiditya – n (%) 10 (33.96) 4 (40.00) 14 (32.56 0.72 (0.17-3.04) 0.658 

Obesity – n (%) 7 (13.21) 0 7 (16.28) - 0.175 

Progressive MSb – n (%) 12 (22.64) 4 (40.0) 8 (18.60) 0.34 (0.07-1.56) 0.149 

EDSS≥3.0 – n (%) 21 (100) 5 (50.0) 16 (37.21) 0.59 (0.15-2.41) 0.461 

Disease duration, years – median (IQR) 14.7 (10.0) 16.2 (12.2) 14 (9.0) 0.98 (0.90-1.07) 0.693 

Corticosteroids last 3 months – n (%) 0 0 0 - - 

DMTs – n (% of the row)      

  No treatment 12 (100) 0 12 (100) REF  

  Interferon β 9 (100) 3 (33.3) 6 (66.7) - 0.035 
  Glatiramer acetate 3 (100) 0 3 (100) - - 

  Dimethyl fumarate 4 (100) 1 (25.0) 3 (75.0) - 0.083 

  Teriflunomide 3 (100) 0 3 (100) - - 

  Fingolimod 4 (100) 1 (25.0) 3 (75.0) - 0.083 

  Natalizumab 2 (100) 0 2 (100) - - 

  Alemtuzumab 2 (100) 0 2 (100) - - 

  Cladribine 0 0 0 - . 

  Ocrelizumab 3 (100) 0 3 (100) - . 

  Rituximab 9 (100) 4 (44.4) 5 (55.6) - 0.012 
  Other anti-CD20 2 (100) 1 (50.0) 1 (50.0) - 0.013 
  Other DMTs 0 0 0 . . 
Anti-CD20 11 (100) 5 (35.7) 9 (64.3) 0.26 (0.06-1.19) 0.063 

Treatment duration, years – median (IQR) 2.8 (4.3) 2.1 (4.1) 3.0 (3.8) 1.09 (0.90-1.31) 0.383 
Time of COVID-19 since last infusion, 
months – median (IQR)1 4.4 (5.2) 0.9 (4.0) 4.5 (8.3) 1.27 (0.84-1.92) 0.248 

Time of cellular determination since last 
infusion, months – median (IQR) 1 4.30 (6.9) 4.21 (1.74) 4.40 (7.92) 1.08 (0.88-1.33) 0.460 

Previous lymphocyte count –median (IQR)2 1480 (1200) 1200 (100) 1715 (685) 1.00 (1.00-1.00) 0.048 
Previous IgG count – median (IQR)3 842 (378) 772 (96) 1065  (320) 1.01 (0.99-1.03) 0.090 

Previous IgM count – median (IQR)3 61 (46) 74 (78) 60 (30) 0.98 (0.95-1.02) 0.406 

Previous IgA count –median (IQR)3 216.5 (103) 188 (118) 239 (92) 1.01 (0.99-1.02) 0.428 

Negative RT-PCR – n (%) 5 (9.43) 1 (10.0) 4 (9.30) REF  

  Positive RT-PCR – n (%) 20 (37.74) 4 (40.0) 16 (37.21) 1.00 (0.08-12.19) 1.000 

  Not performed RT-PCR – n (%) 28 (52.83) 5 (50.0) 23 (53.49) 1.15 (0.10-13.10) 0.910 

COVID-19 symptoms – n (%) 51 (96.23) 9 (90.0) 42 (97.67) 4.67 (0.25-87.20) 0.226 

COVID-19 severe-critical course – n (%) 8 (15.09) 2 (20.00) 6 (13.95) 0.65 (0.11-3.90) 0.634 
Time of first antibody determination after 
COVID-19 diagnosis, months– mean (IQR) 3.02 (0.92) 3.09 (1.75) 2.99 (0.89) 1.39 (0.72-2.65) 0.324 

Time of second antibody determination 
after COVID-19 diagnosis, months– mean 
(IQR) 

11.76 (1.38) 11.66 (1.25) 11.86 (1.41) 0.96 (0.60-1.52) 0.850 

 
Count of total cases of variables with missing information: n1= 18, n2=47, n3= 11.  
aAny comorbidity includes obesity, lung disease, cardiovascular disease, diabetes, hypertension, hematological benign disease, chronic kidney disease, liver disease, 
HIV or malignancy. bProgressive MS includes secondary progressive multiple sclerosis (SPMS) and primary progressive multiple sclerosis (PPMS). cStatistical analysis 
was performed using a not adjusted logistic regression model. Abbreviations: MS: multiple sclerosis; SD: standard deviation; IQR: interquartile range; EDSS: Expanded 
Disability Status Scale: DMT: disease modifying therapy; IgG, IgM, IgA: immunoglobulin G, M or A; RT-PCR: reverse transcription-polymerase chain reaction 
% is the proportion of patients of the column with that variable if not otherwise specified. 
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Table 5. COVID-19 severity according to treatment 

 

COVID-19 severity is categorized as (1) asymptomatic those without symptoms, (2) mild–moderate disease if patients had no signs or symptoms of pneumonia or a mild 
pneumonia and (3) severe–critical disease if they presented dyspnea, or a respiratory rate of ≥30 breaths per minute or a blood oxygen saturation of ≤93%, or a ratio of 
the partial pressure of arterial oxygen to the fraction of inspired oxygen of <300 mmHg, or infiltrates in >50% of the lung field within 24–48 h from the onset of symptoms 
and/or organ or multiple organ failure 

* Univariable analysis of the risk of presenting a severe-critical COVID-19.  For this analysis, asymptomatic cases were included in the mild-moderate group. 

 

 

  

 
ASYMPTOMATIC COVID-

19 
(n=14; 9.7%) 

MILD-MODERATE 
COVID-19 

(n=112; 77.2%)  

SEVERE-CRITICAL 
COVID-19 

(n=19; 13.1%) 

MILD-MODERATE 
vs SEVERE-
CRITICAL* 

p-value 

No treatment 0 21 (70.0) 9 (30.0)  

Interferon 3 (15.79) 16 (84.21) 0 0.009 

Glatiramer acetate 2 (15.38) 10 (76.92) 1 (7.69) 0.116 

Dimethyl fumarate 1 (5.56) 19 (88.89) 1 (4.76) 0.046 

Teriflunomide 0 12 (100) 0 0.034 

Fingolimod 1 (16.67) 5 (83.33) 0 0.127 

Natalizumab 1 (25.0) 3 (75.0) 0 0.208 

Alemtuzumab 1 (14.29) 6 (85.71) 0 0.100 

Cladribine 1 (50.0) 1 (50.0) 0 0.369 

Ocrelizumab 1 (14.29) 5 (71.43) 1 (14.29) 0.406 

Rituximab 3 (13.64) 13 (59.09) 6 (27.27) 0.832 

Other anti-CD20 0 3 (75.0) 1 (25.0) 0.839 

Other DMTs 0 1 (100) 0 0.522 
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Figure 1. Humoral and cellular response in relation to last treatment or infusion in 
patients treated with anti-CD20 therapies, cladribine or alemtuzumab 

Spearman rank correlation (r) between different immunological responses to SARS-CoV-2 infection and months from last infusion or treatment to time of COVID-19 

infection (A) and immunological testing (B). The studied immunological responses include: titers of titers of immunoglobulin G against SARS-CoV-2 IgG-S (upper left) 

and SARS-CoV-2 Ig-N (upper right); titers of interferon-gamma produced by T-cell against SARS-CoV-2 antigen mix 1 (lower left) and antigen mix 2  (lower right). Each 

dot represents a different subject. Cut-off values for antibody and cellular positivity are indicated by a dotted line.  Abbreviations: SARS-CoV-2 IgG-S: SARS-CoV-2 IgG 

anti-spike antibody, SARS-CoV-2 Ig-N: total immunoglobulins against SARS-CoV-2 nucleocapsid  
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Figure 2. Correlation between humoral and cellular response and treatment duration 
at COVID-19 in patients treated with anti-CD20 therapy 

Spearman rank correlation (r) between anti-CD20 therapy duration in years and: titers of immunoglobulin G against SARS-CoV-2 IgG-S (upper left) and SARS-CoV-2 

Ig-N (upper right),  titers of interferon-gamma produced by T-cell against SARS-CoV-2 antigen mix 1 (lower left) and antigen mix 2 (lower right). Each dot represents a 

different subject. Cut-off values for antibody and cellular positivity are indicated by a dotted line.  Abbreviations: SARS-CoV-2 IgG-S: SARS-CoV-2 IgG anti-spike 

antibody, SARS-CoV-2 Ig-N: total immunoglobulins against SARS-CoV-2 nucleocapsid 
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Figure 3. Study flow diagram  
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5.4 Article 3 

Is humoral and cellular response to SARS-CoV-2 vaccine modified by DMT in 
patients with multiple sclerosis and other autoimmune diseases? 

Ana Zabalza, Georgina Arrambide, Susana Otero-Romero, Agustín Pappolla, Paula 

Tagliani, Samuel López-Maza, Simón Cárdenas-Robledo, Juliana Esperalba, Candela 

Fernández-Naval, Mónica Martínez-Gallo, Mireia Castillo, Mercè Bonastre, Mireia Resina-

Salles, Jordina Bertran, Marta Rodriguez-Barranco, Pere Carbonell-Mirabent, Marina 

Gonzalez, Miguel Merchan, Ana Quiroga-Varela, Albert Miguela, Imma Gómez, Gary 

Álvarez, René Robles, Dúnia Perez del Campo, Xavier Queralt, Maria José Soler, Irene 

Agraz, Fernando Martinez-Valle, Breogán Rodríguez-Acevedo, Luciana Midaglia, Ángela 

Vidal-Jordana, Álvaro Cobo-Calvo, Carmen Tur, Ingrid Galan, Joaquín Castillo, Jordi Río, 

Carmen Espejo, Manuel Comabella, Carlos Nos, Jaume Sastre-Garriga, Lluís Ramió-

Torrentà*, Mar Tintoré*, Xavier Montalban* 

Multiple Sclerosis Journal. April 2022. doi:10.1177/13524585221089540 
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5.5 Article 4 

Impact of COVID-19 pandemic on frequency of clinical visits, performance of 
MRI studies, and therapeutic choices in a multiple sclerosis referral centre 

Cobo-Calvo A, Zabalza A, Río J, Arrambide G, Otero-Romero S, Tagliani P, Cárdenas-

Robledo S, Castillo M, Espejo C, Rodriguez M, Carbonell P, Rodríguez B, Midaglia L, Vidal-

Jordana Á, Tur C, Galan I, Castillo J, Comabella M, Nos C, Auger C, Tintoré M, Rovira À, 

Montalban X, Sastre-Garriga J.  

J Neurol. 2022 Apr;269(4):1764-1772. doi: 10.1007/s00415-021-10958-z. Epub 2022 Jan 

10. Erratum in: J Neurol. 2022 Feb 22

  



COMPENDIUM OF PUBLICATIONS |  
 

 

94 

  



COMPENDIUM OF PUBLICATIONS |  
 

 

95 

  



COMPENDIUM OF PUBLICATIONS |  
 

 

96 

  



COMPENDIUM OF PUBLICATIONS |  
 

 

97 

  



COMPENDIUM OF PUBLICATIONS |  
 

 

98 

  



COMPENDIUM OF PUBLICATIONS |  
 

 

99 

  



COMPENDIUM OF PUBLICATIONS |  
 

 

100 

  



COMPENDIUM OF PUBLICATIONS |  
 

 

101 

  



COMPENDIUM OF PUBLICATIONS |  
 

 

102 

  



COMPENDIUM OF PUBLICATIONS |  
 

 

103 

 



 

 

  



 

 

 
 
 
 
 
 

6. OVERALL SUMMARY 
OF RESULTS   



 

 

 



OVERALL SUMMARY OF RESULTS  |  
 

 

107 

The incidence analysis was performed with the results of the on-line survey. Out of the 2903 

surveys sent, a total of 875 were answered with a response rate of 30.1%. Of these, 117 

(13.4%) patients were excluded for not meeting the general inclusion criteria. Of the 

remaining cases, 48 met the definition criteria of COVID-19 and the remaining 710 were 

classified as non-COVID-19. The incidence of COVID-19 in our cohort was estimated at 

6.3% (95% CI 4.6%–8.1%). Additionally, 45 suspected COVID-19 cases were detected 

through the spontaneous method. Overall, 93 suspected COVID-19 cases were identified. 

The susceptibility analysis was performed only in those patients who had answered the 

survey (N=875). Demographic, MS characteristics and proportion of specific DMTs were 

similar in COVID-19 and non-COVID-19 cases. Multivariable models determined that age 

(odds ratio [OR] per 10 years 0.5, 95% confidence interval [CI] 0.3–0.9), contact with a 

confirmed case (OR 197.0, 95% CI 56.6–688.8), residence in Barcelona (OR 2.2, 95% CI 

1.0–4.8), MS duration (OR per 5 years 1.4, 95% CI 1.1–1.8) and time on anti-CD20 

treatment (OR per 2 years 3.5, 95% CI 1.4–8.5) were independent factors for presenting 

COVID-19. A sensitivity analysis of susceptibility was performed in patients with anti-CD20s 

therapies (n=144). In this cohort, 10 (6.9%) had suspected COVID-19 infection. Amongst 

anti-CD20 treated patients, demographic and MS characteristics of patients with COVID-19 

were like those without COVID-19 except for the median anti-CD20 treatment duration which 

was slightly longer in COVID-19 cases (2.8, IQR 3.1, vs. 1.2, IQR 1.3 years, p = 0.069). 

Regarding laboratory findings, three COVID-19 cases had IgG hypogammaglobulinaemia 

whereas no non-COVID-19. The multivariable analysis showed that younger patients (OR 

per 10 years 0.03, 95% CI 0.1–0.9, p = 0.023) and a longer anti-CD20 treatment duration 

increased the risk of COVID-19 (OR per 2 years 3.4, 95% CI 1.4–8.5, p < 0.01) (Article 1: 
Table 1). 

Of the 93 cases of suspected or confirmed COVID-19 in our cohort, nineteen (20.4%) were 

hospitalized, nine (9.7%) had a severe or critical disease course and two (2.2%) patients 

died. Although in the univariate analysis older patients with longer disease duration, a higher 

disability, a progressive form and previous comorbidities presented a higher risk of a severe 

COVID-19 disease, in the multivariable analysis only age remained as an independent risk 

factor (OR per 10 years 2.7, 95% CI 1.1–6.5) for a severe COVID-19.  

 

Humoral and cellular responses against SARS-CoV-2 infection and vaccine and its 

persistence in patients with MS was evaluated in relation to DMT. 
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Humoral response after COVID-19 was evaluated in two studies. In the first study, 

serological tests were performed in 79 (84.9%) out of the 93 patients with suspected or 

confirmed COVID-19 around 3 months after COVID-19 symptom onset (median 3.12 

months, IQR 2.8–3.2). Patients on anti-CD20 therapies presented a lower proportion of 

positive serological tests (3/19; 15.8%) than those with other DMTs (20/41; 48.8%; p = 

0.045) or without DMTs (13/19; 68.4%; p = 0.003). Although a serological response was 

found in patients with all types of DMTs, including anti-CD20s, the proportion of positive 

serological tests varied depending on the DMT.  In the second study, humoral response was 

evaluated in 145 patients with MS. 121 (83.5%) of these 145 were seropositive and this 

response was found from 0 to 13.1 months after COVID-19. The multivariable analysis 

revealed that males were more likely to become seropositive (OR=3.6, 95%CI 1.0-12.7, 

p<0.05), whereas MS patients under anti-CD20 therapy had a higher risk of remaining 

seronegative than untreated patients (OR=0.08, 95%CI 0.01-0.6, p=0.01) (Additional 
material of manuscript 2: Table 1). A sensitivity analysis was performed in anti-CD20 

treated patients, in these patients only severe COVID-19 infection (OR 14.1, 95%CI 1.0-

192.7, p=0.048) and a longer time between the last treatment infusion and COVID-19 

disease (OR per month 1.5, 95%CI 1.0–2.2, p=0.042) were significantly associated with a 

higher probability of developing a humoral response after COVID-19. Antibody titers were 

measured in 124 patients. Anti-CD20-treated patients presented lower IgG-S and Ig-N 

median titers than those on other DMTs or untreated patients. Patients on fingolimod 

presented lower median titers of IgG-S and Ig-N than those on other DMTs, though no 

significant differences were found due to the small number of cases.  

Cellular response after COVID-19 was analyzed in 42 convalescent COVID-19 patients 

selected according to DMT. Twenty-five (59.5%) presented a cellular response, which was 

detected 0.6 to 13.0 months after COVID-19. Cellular response was detected in patients 

with all types of DMT, except for glatiramer acetate (n=0/2). No differences were found in 

demographic and MS variables between positive and negative responders (Additional 
material of manuscript 2: Table 3). Nonetheless, all patients with severe COVID-19 

presented a cellular response (p=0.018). 5 out of 7 (71.4%) anti-CD20-treated seronegative 

patients had a cellular response. In multivariable analysis, cellular response was decreased 

in progressive MS forms (OR=0.04, 95%CI 0.001-0.9, p<0.05). 

Humoral response persistence after COVID-19 was analyzed in 53 patients with two 

serological determinations with a median follow-up of 14.2 months (Additional material of 
manuscript 2: Table 4). Forty-one (81.13%) of those presented humoral persistence. In 

univariable analysis, patients with humoral persistence over 6 months presented a higher 
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median lymphocyte count before COVID-19 than those without persistence (1715 [IQR 685] 

vs. 1200 [IQR 100], p<0.05). However, the multivariable analysis did not confirm this result. 

 

457 participants from the two MS centers (Cemcat and UNIEMTG): were included in the 

study to analyze the immunological responses to SARS-CoV-2 vaccine. 421 patients of 

those presented MS and 36 other autoimmune diseases treated with anti-CD20s. The 

distribution of DMTs of the patients included was: 139 anti-CD20s, 38 DMF, 36 SP1RM, 32 

NTZ, 31 TF and IFN, 30 CLA and ALZ, 28 without treatment and 26 GA. The 36 with other 

autoimmune diseases presented: 14 Neuromyelitis Optica Spectrum Disorder (NMOSD), 5 

Myelin oligodendrocyte glycoprotein antibody disorders (MOGAD), 3 IgG4-RD, 3 ANCA-

associated vasculitis, 2 idiopathic membranous nephropathies, 2 minimal-change disease 

nephropathy, 1 central nervous system vasculitis, 1 systemic lupus vasculitis, 1 

myelorradiculitis, 1 Tolosa-Hunt syndrome, 1 GFAP-encephalitis and 1 Susac syndrome. Of 

the 457 included, 431 (94.3%) were fully vaccinated with an mRNA vaccine and the rest with 

adenoviral vector vaccines. 17 patients were excluded from the analysis: 12 because they 

presented a positive SARS-CoV-2 antibodies in the pre-vaccination sample and 5 because 

they presented COVID-19 post-vaccination. 

Post-vaccination samples were collected in 430 of the 440 (97.7%) patients within 2.0 

(standard deviation 0.8) months after the last vaccine dose. Humoral responses were 

detected in patients with all types of DMTs. The overall seroconversion rate was of 74.4%. 

However, when considering response in relation to DMTs it was of more than 92.0% in all 

DMTs and untreated, except for patients on anti-CD20s and S1PRMs (45.6% and 51.4%, 

respectively). These last groups presented lower IgG titers compared to those untreated or 

on other DMTs. In the multivariable analysis, negative antibodies were associated with anti-

CD20s (OR=1.7x104, 95%CI 612.7-4.5x105, p<0.001), S1PRMs (OR=2.0x103, 95%CI 

123.0-3.4x104, p<0.001) and longer treatment duration with any DMT (OR per year=1.5, 

95%CI 1.3-1.8, p<0.001). In the sensitivity analysis performed only in anti-CD20 treated 

patients, only a longer treatment duration (OR per year= 1.8, 95%CI 1.3-2.5, p<0.001) was 

associated with negative antibodies. Additionally, IgG titers positively correlated with days 

elapsed between the last infusion and the first vaccine dose (r=0.2, 95%CI 0.1-0.4, p<0.001) 

and previous IgG immunoglobulin levels (r=0.3, 95%CI 0.1-0.5, p<0.001) and inversely 

correlated with treatment duration (r=-0.4, 95%CI -0.6 - -0.3, p<0.0001). Seroconversion 

was >80.0% from 4.5 months after the last infusion.  
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Cellular responses were analyzed in 141 patients and detected in 84.4% of these patients. 

All DMTs presented a cellular response rate of >75.0%, except for patients on S1PRMs 

(11%). Furthermore, 91.4% of anti-CD20-treated patients with negative antibodies had a 

cellular response. Patients on S1PRMs presented lower IFN-ɣ levels compared to those on 

other DMTs or untreated (p<0.010 for all comparisons). In the multivariable analysis, cellular 

response decreased in S1PRM-treated (OR=199.9, 95%CI 15.7-2.3x103, p<0.001) and >50-

year-old patients (OR=4.2, 95%CI 1.2014.8, p=0.025). 

 

We evaluated the impact of the COVID-19 pandemic on the number of clinical visits, 

magnetic resonance scans and treatment prescriptions at Cemcat. From January 2018 to 

May 2021, a total of 28,230 visits were carried out at the outpatient care centre (8898 in 

2018, 9564 in 2019, and 9768 in 2020). The monthly mean (standard deviation [SD]) of visits 

performed in 2020 (814 [137.6]) was like 2018 (741 [99.7] ; p=0.153), and 2019 (797 [116.3]; 

p=0.747). During the COVID-19 period (2020 year), 36.3% of the activity was performed 

through telemedicine.  

A total of 6765 MRI were performed during the study period (2207 during 2018, 2356 during 

2019, and 2202 during 2020). The number of MRI performed dropped by 76.6% during the 

first wave compared to the mean monthly activity in 2020 (183.5 [68.9]), with a recovery 

during the subsequent two months. 

In relation to treatment prescription, the total number of treatment prescriptions was 925 

throughout the whole study period (276 in 2018, 360 in 2019, and 289 in 2020). The monthly 

mean of treatment prescriptions approved in 2020 (24.1 [7.0]) was lower than in 2019 (30 

[7.0]; p=0.049), but similar to 2018 (23.8 [8.0]; p=0.727). Natalizumab prescriptions 

increased in the “first wave” and onwards, whereas antiCD20 prescriptions decreased 

during the COVID-19 period.  
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In this work we evaluated COVID-19 incidence and susceptibility and severity risk factors in 

our cohort of pwMS and analyzed the immunological responses to SARS-CoV-2 infection 

and vaccine. Finally, we assessed the impact of these findings and COVID-19 pandemic in 

the activity of our MS center. 

The incidence of COVID-19 amongst our cohort was estimated at 6.3% (95% CI 4.6%–

8.1%), which is similar to the incidence of Catalonia when the study was performed (6.1%). 

Comparable studies performed in the same pandemic moment (first wave) in Barcelona and 

Madrid showed inconclusive results as one of them showed an increased adjusted risk of 

COVID-19 in MS patients compared to the general population (83) and the other showed a 

decreased risk (84). Reviews performed further in the pandemic have not shown an 

increased risk of COVID-19 in MS patients (85,86). 

In our cohort, COVID-19 susceptibility risk factors were having been in contact with a 

PCR-positive person, living in Barcelona, being younger and having a longer MS disease 

duration, increased the risk of presenting COVID-19. As previously described in the general 

population, having had contact with a PCR-positive person (74,87) and living in a very 

populated place such as Barcelona was strongly associated with COVID-19. Although in 

other regions and countries the risk of SARS-CoV-2 infection and of COVID-19 severe 

course and hospital admission was higher in low income areas (88) no differences regarding 

socioeconomic status were found. However, it is possible that the annual mean wage lacks 

enough precision and accuracy as a socioeconomic proxy. 

When analyzing the reasons why younger patients have a higher susceptibility risk it could 

be argued that the younger age reflects the online selection method, with young people 

being more prone to participate. Also, it could be because this age group has a higher level 

of social interaction or had to continue working during the pandemic lockdown and therefore 

the risk of exposure increased. In fact, younger age has also been found a susceptibility risk 

factor in other MS cohorts (83,89). However, these results could also be due to the reduced 

number of participants. In this sense, we participated in a study to assess COVID-19 

susceptibility factors with two American MS centers with a larger number of responders 

(3028), where age did not remain an independent factor for COVID-19 susceptibility (87). 

We also found that a longer MS duration increased the risk of COVID-19, which has been 

only described by a previous group and has not been corroborated by posterior studies (74). 

In contrast with previous studies, no comorbidity was independently associated with the 

susceptibility to COVID-19 in contrast with previous experiences (83,90) possibly due to the 

low frequency of individual comorbidities in our sample.  
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In relation to previous laboratory data, despite reports suggesting that low vitamin D levels 

may play a role in COVID-19 susceptibility in the general population (91) no differences 

between COVID-19 and non-COVID-19 patients were found. Likewise, neither previous 

lymphocyte counts, nor the degree of lymphopenia increased COVID-19 risk. 

In published literature, the relation between a specific DMT and an increased susceptibility 

risk is not well stablished. Initially it was suggested that as most DMTs do not particularly 

target the innate immune system, which is responsible for the initial response against 

infections, the majority of them may not increase the susceptibility to SARS-CoV-2 infection 

(92), except perhaps for non-selective cell-depleting therapies such as alemtuzumab or 

cladribine. In our cohort, no clear association of COVID-19 susceptibility with 

immunotherapy or with the use of low or high efficacy therapies was found which is 

consistent with some of the reported experience in MS and other autoimmune diseases 

(83,93,94). However, some other studies have found an increased risk in patients on anti-

CD20s (74) or natalizumab (89). As both these treatments need to be administrated in the 

day-care hospital, it could be argued that the major exposure to a hospital environment 

increases the susceptibility risk of COVID-19. 

In the sensitivity analysis performed in anti-CD20-treated patients, COVID-19 susceptibility 

was higher in patients treated for a longer period of time, independently of age, previous 

comorbidities and MS characteristics. Some of these patients presented low IgG levels 

which increase with repeated infusions. As hypogammaglobulinemia is a known factor for 

infection susceptibility (70,95,96), it is possible that a longer treatment duration increased 

COVID-19 risk.  

The proportion of severe and hospitalized COVID-19 cases in our cohort was similar to that 

of other COVID-19 and MS cohorts (20.4% vs 19.3-24.7%) (72,97,98). Mortality rate in our 

cohort was 2.2% which is comparable to other MS registries and to the general population 

at that moment of the pandemic (2.2% vs 1.5-8%) (72,97,98). Although reports on COVID-

19 mortality of MS patients are heterogenous and inconclusive, a recent study of the Italian 

registry demonstrated and increased death risk of MS patients compared to the general 

population in those patients with previous comorbidities and a higher disability (99). 

The only risk factor associated to COVID-19 severity in our cohort is advanced age as seen 

in the general population and MS patients (72,73,100–103). Similar to other MS cohorts 

(72,73,83,101–103), pre-existing comorbidities, patients with progressive forms and a longer 

disease duration increased the risk of a critical disease but, in our cohort, none of them 

showed an independent association in the multivariable analysis. However, two larger 
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national and international multicenter studies were we participated confirmed these data 

(101,104). 

In relation to DMTs, we found that those with a severe COVID-19 were either on anti-CD20 

(33.3%) or untreated (66.6%). Also, that a lower proportion of patients with severe COVID-

19 were on DMTs compared to mild cases (33.3% vs 81.1%). This is in line with further 

studies performed in MS cohorts with a larger number of patients, where untreated patients 

and anti-CD20-treated patients seem to have an increased risk of severe COVID-19 and 

interferon may play a protective role (73,99,101,102,105). 

Even though lymphopenia during the infection is associated with a severe disease course 

(106) it was not possible to replicate those findings in our sample. Similarly, we did not find 

any relationship between laboratory variables and a severe COVID-19. 

 

Immunological responses to SARS-CoV-2 infection and vaccine and its persistence in 

patients with MS were assessed by analyzing humoral and cellular responses. We found 

that patients with MS present a humoral response against SARS-CoV-2 infection up to 1 

year after COVID-19 but that this response and its persistence is influenced by different 

factors. In the first article which included both confirmed and suspected COVID-19 

convalescent patients with MS, we found a remarkable decrease of the rate of seropositive 

patients in those treated with anti-CD20s (17.6%) compared to patients treated under other 

DMTs (48.8%) or without treatment (68.4%). This information was confirmed in the second 

manuscript that only included confirmed cases. In the second study, 83.4% of patients 

presented antibodies against SARS-CoV-2, with a positivity rate of over 70.0% in patients 

with most DMTs except anti-CD20s. In line with previous reports in patients with MS, anti-

CD20 therapy also decreased the median titers of antibodies against SARS-CoV-2 (107–

109). As anti-CD20 therapy affects the B-cell lineage, impairing differentiation into memory 

B cells or plasma cells, it is not surprising then that patients with MS under such treatments 

fail to develop a humoral response.  Our results also suggest that male sex increases the 

probability of seroconversion, in line with previous data published for the general population 

(110). 

We detected cellular responses in 59.5% of patients with convalescent COVID-19. As 

previously described in the general population (35), the cellular response was associated 

with severe COVID-19 in univariable analysis. In fact, all patients with severe COVID-19 had 

detectable cellular responses. This suggests an increased immune response with higher 

viral loads and inflammatory mediators during acute infection (111). Nevertheless, we 



OVERALL SUMMARY OF THE DISCUSSION |  
 

 

116 

detected a specific cellular response despite the absence of a humoral response in 5 

patients given anti-CD20 therapy but not in patients on other DMTs. Some studies of SARS-

CoV-2 infection and vaccination have already described specific cellular responses in the 

absence of humoral responses (112–114). Therefore, the cellular response might play an 

important role in COVID-19 recovery when humoral immunity is impaired. 

Additionally, progressive phenotypes were less likely to present humoral and cellular 

responses in our cohort. In both cases, the decreased response may be justified by the older 

age of these patients or premature immunosenescence associated with progressive forms, 

leading to a weakened immune response (115). However, potential confounders such as 

anti-CD20 therapy should be ruled out in future analyzes with larger cohorts. 

Humoral and cellular responses against SARS-CoV-2 after COVID-19 are detected within a 

few days of COVID-19 onset to up to 12 months (33,116). We were able to detect both of 

them up to 13.1 months after COVID-19 disease. The humoral response persisted for more 

than 6 months in 81.1% of patients with 2 determinations. In the general population, 

increased severity of COVID-19 and younger age have been associated with longer SARS-

CoV-2 humoral persistence (117,118), although we did not find any association in this 

regard, probably because of the cohort´s small sample size.  

We found that after SARS-CoV-2 vaccination, humoral and cellular responses are 

presence in patients with MS with all types of DMTs or other AIDs on anti-CD20s. However, 

the magnitude of these responses is modified depending on the DMT. In our cohort, the 

seroconversion rate after SARS-CoV-2 vaccination was up to 90% in all patients except in 

those receiving anti-CD20 therapies or SP1RM, which is consistent with previous literature 

(119–121). We confirmed this data in a large international multicenter study (122). Moreover, 

patients on these two DMTs presented lower IgG titers compared to those on other DMTs. 

The reduced humoral response with anti-CD20s therapies was expected as they impair 

memory B-cell production as we have already seen in the post-COVID-19 study and in other 

vaccines (81,109,123). In the SP1RMs case, humoral and cellular responses are probably 

reduced by the suppression of lymphocyte egress from lymph node, although this has been 

seen to reduce humoral response in vaccinated MS patients but not in COVID-19 

convalescent cases (108,109,123,124). Additionally, SP1RMs have not shown to increase 

COVID-19 severity in comparison to anti-CD20s therapies (101). Therefore, a different 

immunological process may be at work in response to SARS-CoV-2 natural infection and 

vaccination, especially in SP1RMs treated patients (125).  
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The cellular response after SARS-CoV-2 vaccination appeared to be preserved under most 

DMTs similar to the convalescent patients (121). Conversely, in our cohort less that 12% of 

SP1RM-treated patients mounted a cellular response, regardless of their serostatus or 

lymphocyte count. Additionally, we confirmed the results seen in the post-COVID-19 study, 

where anti-CD20s present a high percentage of cellular response rate even in the absence 

of a humoral response as seen by other groups (112,113,124,127). In addition, the cellular 

response was weakened in patients aged >50 years which has already been described in 

the general popular and it is probably due to immunosenesce.(128) 

In the sensitivity analysis performed in patients treated with anti-CD20 therapies both after 

SARS-CoV-2 infection and vaccine, we found that the longer the time of SARS-CoV-2 

infection or vaccine after the last anti-CD20 infusion, the higher the IgG titers and the 

proportion of humoral response positivity. This is probably explained due to an increasing 

repopulation of memory B cells over the months. After vaccination, we also observed that 

the seroconversion rate increased up to 80.0% 4.5 months after the last anti-CD20 infusion, 

similar to other groups (109,112,113,124,126). Therefore, optimizing the moment of vaccine 

administration could potentially lead to an increased antibody response. In fact, following 

the results obtained in the vaccination study, we optimized the treatment and vaccination 

protocols so that patients received the third dose of SARS-CoV-2 vaccines 4.5 months after 

the last infusion in order to try to increase the immunological response to them. 

 

Our study showed than during the COVID-19 pandemic clinical and radiological activities 

were maintained but also that some changes in the treatment prescription pattern were put 

in place.  

The total number of clinical visits performed during 2020 remained stable in comparison with 

control periods, as the slight initial decrease observed during the “first wave” was rapidly 

corrected during the following months by implementing telemedicine. Surveys responded by 

MS neurologists in Europe and USA reveled that telemedicine was a well stablished strategy 

used by MS centers around the world to ensure health care persistence during the pandemic 

(129–131). However, the patient’s point of view should also be considered. In this sense, a 

study on how the pandemic affected patients with neurological disorders, they point out that 

although telemedicine was implemented they perceived an inappropriate overall care of their 

disease (132). 

Radiological activity suffered a drastic decrease during the “first wave” of the pandemic with 

a 73% reduction of activity. However, after the “first wave”, the radiology department 
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restructured its activity to guarantee a low SARS-COV-2 transmission risk and was able to 

compensate for the initial reduction of MRI scans. Altogether, the adoption of new measures 

allowed the radiological activity of 2020 to be similar to the control periods. Similar 

experiences happened in other centers (129,133). 

The approach to MS therapy during the COVID-19 pandemic has been and still remains a 

challenge for MS neurologists trying to balance benefits and risks. During the initial part of 

the pandemic, lympho-depleting agents such as alemtuzumab, cladribine or anti-CD20s 

were hypothesized to potentially increase the susceptibility and severity of COVID-19, 

leading to a decrease of their prescription in MS centers.(129) At our center, there was a 

reduction of the total number of prescriptions during 2020, although this could explained by 

other reasons not related to the pandemic such as number of patients derived to the MS 

centre, changes in treatment guidelines or number of on-going clinical trials. However, the 

decrease of anti-CD20 prescription as a high efficacy treatment in favor of natalizumab could 

be justified by the pandemic. As the pandemic went through, anti-CD20s became 

established factors of severe COVID-19 risk in MS patients (73,101) and were shown to 

decrease of humoral response to SARS-CoV-2 vaccination (112,123). Therefore, it is not 

surprising the neurologist’s reluctance to prescribe these treatments and endorse 

natalizumab which has shown a low risk of severe COVID-19 and a good response to 

vaccines. 

 

The limitations of this work include the following. The retrospective nature of all the studies 

except for the vaccine response study makes it prone to recall bias and missing data.  

In the first article, given the high non-respondent rate in the survey and the limited access 

to PCR during the first-wave, it is likely that asymptomatic, mild or atypical COVID-19 cases 

were missed, limiting our conclusions. Nevertheless, the rate of PCR testing in our province 

was restricted as well, so the incidence estimates of the general population are subject to 

the same limitations. Moreover, this might be compensated by a potential response bias 

where COVID-19 cases might have been overrepresented amongst the responders of our 

survey. Another limitation is the small sample size of COVID-19 cases and especially of 

those with a severe course, probably leading to overestimation of associations and a high 

degree of uncertainty.  

In the second article, we only included confirmed cases and during the first wave of the 

pandemic RT-PCR testing in our province was restricted to hospitalized patients. Therefore, 

it is possible that our cohort’s first cases were either severe cases or patients with positive 
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serology performed in the convalescence phase. This might have led to an increased 

estimation of the positive serologic rate, as there might be an overrepresentation of patients 

with severe COVID-19 infection. In addition, all tests were performed according to clinical 

practice and not to established time points after COVID-19 diagnosis, which has led to 

variability in the time and frequency of testing after COVID-19, increasing the heterogeneity 

of the sample.  

In the humoral and cellular response studies, the relatively small sample size of the studies, 

has probably led to an overestimation of associations and a high degree of uncertainty. In 

the cellular response substudy, there were few cases for each DMT, which prevented us 

from performing group comparisons. The collaborative studies where we participated with 

the COVID-19 database and with serum samples to analyze the vaccine serological 

response, allowed us to compensate the small individual numbers of each subgroup of 

patients (87,101,104,122).  

Also, it should be considered that previous studies on the SARS-CoV-2 cellular response in 

MS after COVID-19 and after SARS-CoV-2 vaccination have used other methods, such as 

intracellular cytokine staining or other IGRAs, which may limit the reproducibility of our 

results. These results apply to patients having received two doses of vaccination. We cannot 

rule out that some differences could be found after further doses. 

In the last article, the activity registered in a center and its prescription pattern usually does 

not follow a linear pattern, but depends on un-controlled elements (i.e., disease incidence, 

hospital eligibility, course of the disease, etc.), which makes difficult to measure the direct 

impact of a pandemic on the clinical activity routine and count account for some of the 

variability seen among the different years. As a proxy to identify pandemic-derived 

associations, outliers were defined as well as the inclusion of control periods before and 

after 2020. 

All these results may apply to the first wave and to the variants that were responsible for the 

first and second waves. We acknowledge that different variants, further vaccine doses, 

increase knowledge of SARS-CoV-2 physiology or development of new therapies may elicit 

different results. Also, the different restrictions occurring during the different waves could 

further modify our results. 
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Altogether, we consider that the results given in this work are relevant for the MS community 

and can be used in a near future to optimize treatment prescription and vaccination 

campaigns. 

 

 

 

 

 



 

 

 

 
 
 
 
 
 

8. CONCLUSIONS   
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1. The incidence of COVID-19 in our cohort of pwMS in Barcelona was estimated at 

6.3% (95% CI 4.6%–8.1%). COVID-19 susceptibility risk factors were having been 

in contact with a PCR-positive person, living in Barcelona, being younger and having 

a longer MS disease duration increased the risk of presenting COVID-19. The only 

COVID-19 severity risk factor was age. No DMT were found to modify the 

susceptibility or severity risk. 

 

2. 83.4% of convalescent COVID-19 MS patients presented humoral response and 

59.5% cellular response from a few days up to 13.1 months after COVID-19. The 

humoral response decreased in patients with anti-CD20s and increased in male 

patients. In patients treated with anti-CD20 therapies, the longer the time between 

SARS-CoV-2 infection and the last anti-CD20 infusion, the higher the proportion of 

humoral response positivity.  Cellular response decreased in MS progressive forms. 

No factors were associated to humoral response persistence.  

 

3. After two doses of SARS-CoV-2 vaccination, the humoral response in pwMS and 

other AIDs on anti-CD20s was of 74.4% and the cellular response of 84.4%. Humoral 

response was decreased in patients treated with anti-CD20s therapies or S1PRMs 

and those with a longer treatment duration. In anti-CD20s-treated patients, the 

seroconversion rate increased in up to 80% after 4.5 months since last infusion. 

Cellular response decreased in pwMS under S1PRM treatment and in those patients 

over 50 years of age. 

 

4. During the first wave of the COVID-19 pandemic, the clinical and radiological 

activities at the Cemcat were maintained but the number of treatment prescriptions 

was reduced, and the pattern modified. Specifically, there was a change in the high 

efficacy prescription pattern where anti-CD20s in favor of natalizumab.

 

  



 

 

  



 

 

 
 
 
 
 
 

9. FUTURE LINES OF 
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In the SAR-EM study, an additional time-point after the third SARS-CoV-2 vaccine dose has 

been collected in selected patients according to DMT (fingolimod, natalizumab and anti-

CD20s). These samples will be analyzed with flow-cytometry together with the previous 

PBMCs samples to deeply phenotype the specific T-cell subsets, correlate them with the 

humoral response, evaluate its changes and its persistence over time and analyze its clinical 

effect in preventing or decreasing COVID-19 severity. 

The COVID-19 and MS database is being updated with the intention to continue sharing its 

data with other national and international groups working on the same topic. 

Additionally, we have the objective to expand the knowledge acquired in this study in 

infection risk and humoral and cellular response after SARS-CoV-2 infection and vaccine to 

other infections and vaccines. Considering that there is an important gap of knowledge in 

relation to vaccine responses according to the different DMTs, the aim is to continue 

evaluating the humoral and cellular response to other vaccines (hepatitis B virus, hepatitis 

A virus, attenuated…) to try to optimize the best vaccination strategy. Also, we would like to 

evaluate the different infection risk according to DMT and its risk factors. 
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11.1 On-line survey (Article 1) 

1. En las últimas 2 semanas, ha tenido alguno de los siguientes síntomas (puede 
marcar una o varias respuestas) y la fecha de inicio de estas: 
- Tos continuada o persistente 

o En caso afirmativo, fecha de inicio de los síntomas: dd / mm / aaaa 

- Febrícula (temperatura 37-37,9ºC) o fiebre (temperatura ≥ 38ºC) 

o En caso afirmativo, fecha de inicio de los síntomas: dd / mm / aaaa 

- Sensación de ahogo o dificultad respiratoria 

o En caso afirmativo, fecha de inicio de los síntomas: dd / mm / aaaa 

- Disminución o pérdida total de olfato o gusto 
o En caso afirmativo, fecha de inicio de los síntomas: dd / mm / aaaa 

 

2. ¿Se le ha diagnosticado como posible COVID-19 (Coronavirus)? Sí/No.  

- En caso afirmativo, ¿Cuándo?” (dd / mm / aaaa) 
 

3. ¿Se le ha confirmado el diagnóstico de COVID-19 (Coronavirus) mediante el test 
apropiado?  Sí/No.  

- En caso afirmativo, ¿Cuándo?” (dd / mm / aaaa) 

-  

4. ¿Ha estado ingresado en un hospital debido a la enfermedad COVID-19? Sí/No 

- En caso afirmativo, “¿Cuándo?” (dd / mm / aaaa) 

-  

5. ¿Con cuántas personas convive? (0-10) 

 

6. ¿Alguna de las personas con las que convive ha tenido alguno de los síntomas 
mencionados previamente? Sí/No 

- En caso afirmativo, ¿Cuándo?” (dd / mm / aaaa) 

 

7. ¿Alguna de las personas con las que convive han sido diagnosticadas de COVID-
19 (Coronavirus)? 

- En caso afirmativo, ¿Cuándo?” (dd / mm / aaaa) 

 



 

 

 

-  
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