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Short Communication 
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a Department of Neurology, University Hospital Center Zagreb, Zagreb, Croatia 
b School of Medicine, University of Zagreb, Zagreb, Croatia 
c Department of Neurology, University Medical Centre Ljubljana, Ljubljana, Slovenia 
d Department of Neurology, University Hospital Center “Sestre Milosrdnice”, Zagreb, Croatia 
e Clinical Institute for Laboratory Diagnostics, University Hospital Center Zagreb, Zagreb, Croatia 
f Department for Laboratory Diagnostics, Special Hospital AGRAM, Zagreb, Croatia 
g Faculty of Electrical Engineering and Computing, University of Zagreb, Zagreb, Croatia   
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A B S T R A C T   

Aim: To determine the influence of high-efficacy disease modifying therapy (DMT) on the development of IgG 
SARS-CoV-2 antibody response in COVID-19 convalescent people with multiple sclerosis (pwMS). 
Methods: Seventy-four pwMS taking high-efficacy DMTs (specifically natalizumab, fingolimod, alemtuzumab, 
ocrelizumab, cladribine and ublituximab) and diagnosed with COVID-19 and 44 healthy persons (HC) were 
enrolled. SARS-CoV2 antibodies were tested with Elecsys® Anti-SARSCoV-2 S assay. 
Results: pwMS taking high-efficacy DMTs had a significantly higher chance of having negative titer of SARS-CoV2 
antibodies compared to healthy controls (33 negative pwMS [44.6%] compared to one negative HC [2.3%], p <
0.001). pwMS taking B-cell depleting therapy (ocrelizumab and ublituximab) had a significantly higher chance of 
having negative titer of SARS-CoV2 antibodies compared to pwMS on all other DMTs (29 negative pwMS on B- 
cell therapy [64.4%] compared to four negative pwMS on all other DMTs [13.8%], p < 0.001). Out of other 
DMTs, two (33.3%) pwMS taking fingolimod and two (16.7%) pwMS taking cladribine failed to develop IgG 
SARS-COV-2 antibodies. B-cell depleting therapy independently predicted negative titer of IgG SARS-CoV-2 
antibody (Exp[B] =0.014, 95%CI 0.002–0.110, p < 0.001). 
Conclusions: A significant proportion of convalescent COVID-19 pwMS on high-efficacy DMTs will not develop 
IgG SARS-CoV-2 antibodies. B-cell depleting therapies independently predict negative and low titer of IgG SARS- 
CoV-2 antibody.   

1. Introduction 

The COVID-19 pandemic significantly impacted the management of 
people with multiple sclerosis (pwMS), reflected in reduced access to 
health care and rehabilitation facilities and modifications in available 
disease-modifying therapies (DMT) (García-Azorín et al., 2021; Baker 
et al., 2020; Colais et al., 2021). The main reason for this was the un-
certainties with immunosuppressive effects of different DMTs at various 

levels of the immune system. 
One of the unknowns causing the most concern was the development 

of humoral immunity in COVID-19 convalescent subjects. Studies in 
people without MS indicated that the majority of convalescent COVID- 
19 subjects develop an IgG SARS-CoV-2 antibody response and that a 
protective level prevails over a period of up to 9 months, regardless of 
age, gender, major blood types or clinical symptomatology (Achiron 
et al., 2021a). Only a few studies investigated the development of 

* Corresponding author at: Department of Neurology, University Hospital Center Zagreb, Kǐspatićeva 12, HR-10000 Zagreb, Croatia. 
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humoral immunity in COVID-19 convalescent pwMS, identifying po-
tential impact of DMTs on development of humoral response (Zabalza 
et al., 2020; van Kempen et al., 2021; Conte, 2021). Zabalza and col-
leagues found that convalescent COVID-19 pwMS on anti-CD20 thera-
pies had a lower proportion of positive serological tests (15.8%) than 
those with other DMTs (48.8%) or without DMTs (68.4%) (Zabalza 
et al., 2020). Although a serological response was noted in patients with 
all types of DMTs, including anti-CD20s, the proportion of positive 
serological tests varied depending on the DMT (Zabalza et al., 2020). As 
in the previous study, two other studies showed similar results (van 
Kempen et al., 2021; Conte, 2021). 

The present study aims to determine the influence of high-efficacy 
DMT on development of the IgG SARS-CoV-2 antibody response in 
COVID-19 convalescent pwMS. 

2. Objectives 

The primary objective was to investigate the differences in presence 
and titers of IgG SARS-CoV-2 antibody between COVID-19 convalescent 
pwMS taking high-efficacy DMT and COVID-19 convalescent healthy 
persons. 

The secondary objectives were to investigate the differences in the 
presence and titers of IgG SARS-CoV-2 antibodies depending on the 
different DMTs. Furthermore, predictors of seroconversion after recov-
ery from COVID-19 were examined. 

3. Methods 

3.1. Study participants and design 

This case-control study was performed in three University hospitals, 
two in Croatia (University Hospital Center Zagreb, Zagreb and Univer-
sity Hospital Center “Sestre Milosrdnice”, Zagreb) and one in Slovenia 
(University Medical Centre Ljubljana, Ljubljana). Consecutive pwMS 
taking high-efficacy DMTs (specifically natalizumab, fingolimod, alem-
tuzumab, ocrelizumab, cladribine and ublituximab) and diagnosed with 
COVID-19 by their general practitioners were invited to participate in 
this study. COVID-19 infection was confirmed if the patient tested pos-
itive for polymerase chain reaction (PCR) or point-of-care (POC) antigen 
test and suspected if the person had typical clinical presentation and was 
a known contact of a person with confirmed COVID-19. Age and sex- 
matched healthy persons with PCR- or POC-confirmed COVID-19 
served as healthy controls. Healthy controls did not take any medica-
tions influencing the immune system nor had any neurological illnesses. 

The study was approved by the Slovenian National Medical Ethics 
Committee and the Ethical Committee of the University Hospital Center, 
Zagreb. 

3.2. Data collection 

The following data were collected through a structured interview 
with each pwMS: demographic data (age, sex, height, weight, smoking 
status, and comorbidities), MS related data (date of 1st MS symptom, MS 
phenotype [RRMS, SPMS, PPMS], EDSS, high-efficacy DMT, and dura-
tion of treatment) and COVID-19 related data (date of diagnosis, diag-
nostic test [PCR or POC], symptoms, treatment, and hospitalization). 

3.3. Detection of SARS-CoV-2 IgG antibodies 

Testing for SARS-CoV2 antibodies was performed with Elecsys® 
Anti-SARSCoV-2 S assay (Roche Diagnostics Int, Rotkreuz, Switzerland) 
in a period of ≥2 weeks following the first occurrence of symptoms in all 
patients. Blood samples were drawn during the regular clinic visit of the 
patient. The assay was performed per the manufacturer’s instructions, 
(Elecsys® Anti-SARS-CoV-2, 2021) using Cobas e 801 analytical unit for 
immunoassay tests (F. Hoffmann-La Roche Ltd.). Antibody titer ≥0.8 U/ 

mL was considered positive, as recommended by the manufacturer. 

3.4. Statistical analysis 

Statistical analysis was performed with the IBM SPSS v25 software. 
The data distribution was tested with the Kolmogorov-Smirnov test. The 
differences between qualitative variables were tested with the chi- 
square test. The differences between the quantitative variables were 
tested with the parametric independent sample t-test and non- 
parametric Mann-Whitney test. The association between variables was 
tested with Spearman’s correlation coefficient. Multivariable logistic 
regression was performed for binary outputs (seroconversion). p-values 
< 0.05 were considered significant. 

4. Results 

Seventy-four COVID-19 convalescent pwMS and 44 COVID-19 
convalescent healthy controls were included in the analysis. De-
mographic characteristics and symptoms as well as diagnosis and 
treatment of the COVID-19 in pwMS are provided in Table 1. In 57 
(77.0%) pwMS and in all healthy controls, the diagnosis of COVID-19 
was confirmed by PCR or POC. All pwMS with suspected COVID-19 
had typical clinical presentation and had a known contact of a person 
with confirmed COVID-19. There was no difference in age (39.7 ± 9.2 
vs. 43.0 ± 11.0 years, respectively; p = 0.089), sex (63.5% vs. 63.6% of 
women, respectively; p = 0.989) or time from COVID-19 diagnosis to 
antibody testing (63 [12–175] vs. 64.5 [12–347] days, respectively; p =
0.800) between pwMS and healthy controls. 

pwMS taking high-efficacy DMTs had a significantly higher proba-
bility of having a negative titer of SARS-CoV2 antibodies compared to 

Table 1 
Baseline characteristics of the MS cohort.  

Baseline characteristics of the MS cohort 

Sex (females) 47 (63.5%) 
Age (years) 39.7 ± 9.2 
Height (cm) 172.6 ± 17.3 
Weight (kg) 76.5 ± 20.4 
Smoking 8 (10.8%) 
Hypertension 9 (12.2%) 
Diabetes mellitus 2 (2.7%) 
MS phenotype  

RRMS 66 (89.2%) 
SPMS 1 (1.4%) 
PPMS 7 (9.5%) 

Disease duration (years) 8.4 ± 5.1 
EDSS 2.5 (0–6.5)  

COVID-19 characteristics 
Diagnosis conformed by  

PCR 53 (71.6%) 
POC test 4 (5.4%) 

Contact of confirmed COVID-19 person 44 (59.5%) 
Symptoms  

Fever <38 32 (43.2%) 
Fever >38 25 (33.8%) 
Headache 35 (47.3%) 
Muscle pain 34 (45.9%) 
Anosmia 49 (66.2%) 
Ageusia 35 (47.3%) 
GI symptoms 8 (10.8%) 
Dyspnea 10 (13.5%) 
Cough 17 (23.0%) 
Fatigue 42 (56.8%) 

Treatment  
Steroids 5 (6.8%) 
Azithromycin 12 (16.2%) 
Analgesics 26 (35.1%) 
Antipyretics 46 (62.2%) 
Hospitalization 2 (2.7%) 
O2 1 (1.4%) 
Respirator 0  
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healthy controls (33 negative pwMS [44.6%] compared to one negative 
HC [2.3%], p < 0.001). In participants from both groups with positive 
titers, there was no difference in the SARS-Cov2 antibodies titer between 
pwMS and HC (28.3 [1.8–250] vs 33.3 [1.6–250], p = 0.929). SARS- 
CoV-2 IgG antibody titer in COVID-19 convalescent healthy persons 
and COVID-19 convalescent pwMS by DMTs is presented in Fig. 1. pwMS 
taking B-cell depleting therapy (ocrelizumab and ublituximab) had a 
significantly higher probability of having negative titer of SARS-CoV2 
antibodies compared to pwMS taking all other high-efficacy DMTs (29 
negative pwMS on B-cell therapy [64.4%] compared to four negative 
pwMS on all other DMTs [13.8%], p < 0.001) (Table 2). In pwMS with 
positive titers, those on B-cell depleting therapies revealed significantly 
lower titers of SARS-Cov2 antibodies (5.51 [1.8–250.0] vs 48.7 
[3.4–250.0] p = 0.002). A positive correlation was established between 
IgG SARS-CoV-2 antibody titer and time elapsed from the last B-cell 
depleting therapy (ocrelizumab and ublituximab) until development of 
COVID-19 (rs = 0.412, p = 0.007). In all three ublituximab patients, 
timing of the last infusion in relation to COVID-19 was higher than 365 
days (range from 368 to 378). 

Results of the multivariable logistic regression analysis, investigating 
predictors of seroconversion after recovery from COVID-19 are pre-
sented in Table 3. B-cell depleting therapy independently predicted 
negative results of the IgG SARS-CoV-2 antibody testing (Exp[B] 
=0.014, 95%CI 0.002–0.110, p < 0.001). 

5. Discussion 

This study has exposed the significant influence of B-cell depleting 
therapy on seroconversion in COVID-19 convalescent pwMS. Compared 
to healthy controls and pwMS taking other high-efficacy DMTs, pwMS 
taking B-cell depleting therapy had significantly higher probability of 
not developing seroconversion after COVID-19. 

It is still unclear whether the use of lymphocyte-depleting agents 
benefits or harms the immune response against COVID-19. All real- 
world studies published so far identified similar risk factors for severe 
COVID-19, namely age, level of neurological disability, progressive MS 
phenotype and cardiovascular comorbidities (Louapre et al., 2020; 
Sormani et al., 2021; Salter et al., 2021). On the other hand, results 
regarding DMTs and risk of severe COVID-19 are not unanimous. While 
French and US studies did not identify DMTs to be associated with severe 
COVID-19, the Italian study identified corticosteroids and B-cell 

depleting therapy as independent predictors of severe COVID-19. 
Another unanswered question is whether these DMTs may impact the 

antibody production against SARS-CoV-2 after recovery from COVID-19 
or the immune reaction to vaccination. Data on both questions are 
limited. As mentioned earlier, several studies have demonstrated that 
convalescent COVID-19 pwMS on anti-CD20 therapies had a lower 
proportion of positive serological tests compared to those with other 
DMTs or without DMTs (Zabalza et al., 2020; van Kempen et al., 2021; 
Conte, 2021). Additionally, the Amsterdam MS cohort study revealed 
positive IgG SARS-COV-2 antibody in 64 patients (11.7%) (van Kempen 

Fig. 1. SARS-CoV-2 IgG antibody titer in COVID-19 convalescent healthy persons and COVID-19 convalescent pwMS by disease modifying therapy. Black lines 
present average value of SARS-CoV-2 IgG antibody titer for every subgroup. 

Table 2 
The number and percentages of pwMS with positive and negative titer of SARS- 
CoV2 antibodies depending on the DMT used.   

SARS-CoV2 antibodies titer 

Negative Positivea 

Fingolimod 2 (33.3%) 4 (66.7%) 
Natalizumab 0 5 (100%) 
Alemtuzumab 0 6 (100%) 
Ocrelizumab 29 (69%) 13 (31%) 
Cladribine 2 (16.7%) 10 (83.3%) 
Ublituximab 0 3 (100%) 

pwMS people with multiple sclerosis, DMT disease modifying therapy. 
a Antibody titer >0.8 U/mL was considered positive, as recommended by the 

manufacturer. 

Table 3 
Results of the multivariable logistic regression analysis investigating predictors 
of seroconversion after recovery from COVID-19.   

N Multivariable logistic regression 

Exp 
(B) 

95% C.I. for Exp 
(B) 

p value 

Presence of SARS-CoV-2 IgG antibody titer 
Age (years) 118 0.982 0.928–1.039 0.533 
Confirmed COVID-19 diagnosis 118 1.603 0.419–6.132 0.491 
Time from COVID-19 diagnosis to 

serology testing (days) 
118 1.002 0.989–1.015 0.754 

B-cell depleting therapy compared 
to HC 

89 0.014 0.002–0.110 <0.001 

Other DMT compared to HC 73 0.142 0.014–1.424 0.097 

Statistically significant predictors are highlighted. 
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et al., 2021). Although our data agree with the previous study, it has to 
be emphasized that two (33.3%) pwMS taking fingolimod and 2 (16.7%) 
pwMS taking cladribine failed to develop IgG SARS-COV-2 antibodies. 

These results prompted the debate regarding the efficacy of the 
COVID-19 vaccines in inducing humoral immunity in MS patients 
treated with these DMTs. The study by Achiron and colleagues showed 
different rates of development of IgG SARS-CoV-2 antibody after 
vaccination with BNT162b2-COVID-19 vaccine (Achiron et al., 2021b). 
SARS-CoV-2 IgG antibody titer was high in healthy subjects, untreated 
pwMS, and pwMS taking cladribine, while most pwMS taking ocreli-
zumab and fingolimod failed to develop IgG SARS-COV-2 antibodies 
(Achiron et al., 2021b). 

However, humoral immunity is just a fraction of the immune 
response to either SARS-CoV-2 infection or vaccination against COVID- 
19. Increasing interest is focused on the role of T-cell immunity in 
fighting SARS-CoV-2 infection and in resisting re-infection (Sheridan, 
2021). The T-cell immunity might prove to be very important in pwMS 
taking B-cell depleting therapies. Supporting this is an Israeli study 
showing low rates of infection in pwMS receiving one or both doses of 
BNT162b2-COVID-19 vaccine, irrespective of DMT use (Achiron et al., 
2021c). Future studies, especially the ones monitoring the effectiveness 
of COVID-19 vaccines in pwMS on B-cell depleting therapies will add 
more insight regarding this issue. 

The limitations of this study were the unevenly distributed DMTs in 
pwMS and the relatively minuscule number of participants. Because the 
majority of patients were on B-cell depleting therapy, we were unable to 
address differences in humoral immunity for every given high-efficacy 
DMT. Nevertheless, the strengths of the study are comparison with 
healthy controls, multicenter design and the whole spectrum of different 
high-efficacy DMTs tested. 

In conclusion, a significant proportion of convalescent COVID-19 
pwMS on high-efficacy DMTs will not develop IgG SARS-CoV-2 anti-
bodies. B-cell depleting therapies independently predict of negative and 
low titer of IgG SARS-CoV-2 antibody. 
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Data curation, Investigation, Methodology, Writing – review & editing. 
Ivana Lapić: Data curation, Investigation, Methodology, Writing – re-
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Deschamps, R., Créange, A., Wahab, A., Pelletier, J., Heinzlef, O., Labauge, P., 
Guilloton, L., Ahle, G., Goudot, M., Bigaut, K., Laplaud, D.A., Vukusic, S., 
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