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Short Communication 

Humoral and cellular immunity in convalescent COVID-19 people with 
multiple sclerosis treated with ofatumumab 
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A B S T R A C T   

Objectives: To report clinical outcome, development of humoral and T-cell mediated immunity in convalescent 
COVID-19 people with multiple sclerosis (pwMS) treated with ofatumumab in the ALITHIOS study from a single 
center. 
Methods: Testing for SARS-Cov2 IgG antibodies was performed on two occasions with at least three months apart 
between the two testing. During the second antibody testing, interferon-γ ELISpot was used to assess cellular 
immunity. 
Results: All four subjects had mild COVID-19 infection without any sequelae. In all subjects except subject 2, 
COVID-19 was confirmed with PCR. Subjects 1, 2 and 4 had normal levels of IgM and IgG without measurable 
counts of CD19 cells prior to COVID-19. Subject 3 administered the last dose of ofatumumab 24 days prior to 
COVID-19 symptoms, but had a gap of 28 weeks of ofatumumab application beforehand due to low IgM levels. 
Subject 4 received COVID-19 vaccinations before second testing, so second testing and T-cell immunity testing 
were not performed. Subjects who were CD19 depleted did not had measurable levels of SARS-Cov2 IgG anti-
bodies. Subject 3 had first and second SARS-COV2 titer of 118 U/ml and > 250 U/ml, respectively. All three 
pwMS showed T cell immunity against SARS-CoV-2. Quotient of basal spots divided by interferon-γ secreting spot 
forming units were 4, 8 and 14.7 SI in subjects 1, 2 and 3, respectively (>3 considered reactive). 
Conclusion: While no antibody response was observed in pwMS who were CD19+ lymphocyte depleted, T cell 
immunity against SARS-CoV-2 was observed in all three pwMS treated with ofatumumab.   

1. Introduction 

Ofatumumab is a fully human anti-CD20 monoclonal antibody 
approved for the treatment of active relapsing multiple sclerosis (MS). It 
is administered as a monthly subcutaneous injection and its efficacy and 
safety have been demonstrated in two phase III randomized controlled 
trials (Hauser et al., 2020). The current global pandemic has caused 
great concern regarding the use of lymphocyte depleting agents in MS 
and the risk of COVID-19. Reports regarding the use of other anti-CD20 
therapies in persons with multiple sclerosis (pwMS), such as ocrelizu-
mab and rituximab are conflicting. While three studies did not show 
association between B-cell depleting DMTs and higher probability of a 
more serious clinical course of COVID-19 (Hughes et al., 2020; Louapre 
et al., 2020; Salter et al., 2021), two studies indicated that treatment 

with ocrelizumab or rituximab was associated with increased risk of 
severe COVID-19 (Sormani et al., 2021a; Stastna et al., 2021). Whether 
this is also true for ofatumumab treated pwMS is not known. Another 
important question is how do the B-cell depleting agents affect the 
development of humoral and cellular immunity after the infection and 
whether there is an impact on the vaccine response. 

The aim of the present study is to report clinical outcome, develop-
ment of anti-SARS-Cov2 antibodies and development of T-cell mediated 
immunity in convalescent COVID-19 pwMS treated with ofatumumab in 
ALITHIOS study from a single center. 

2. Materials and methods 

Four pwMS with COVID-19 who were treated with 20 mg of 
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ofatumumab subcutaneously every four weeks were identified. The 
subjects were previously enrolled into the phase III ASCLEPIOS trial and 
continued with the open-label extension study (Hauser et al., 2020). 

Testing for humoral immunity was performed in the Clinical Institute 
for Laboratory Diagnostics, University Hospital Center Zagreb, Zagreb, 
Croatia. Blood samples were drawn during the next two study visits after 
the recovery of COVID-19, with at least three months apart between two 
tests. Testing for SARS-CoV2 antibodies was performed per the manu-
facturer’s instructions, using Cobas e 801 analytical unit for immuno-
assay tests (F. Hoffmann-La Roche Ltd.) (https://diagnostics.roche.com/ 
global/en/products/params/elecsys-anti-sars-cov-2.html, n.d.). Anti-
body titer ≥0.8 U/mL was considered positive, as recommended by the 
manufacturer. 

During the second antibody testing ELISpot, was used to assess 
cellular immunity. This testing was performed in SGS Analytics Labo-
ratory, Germany GmbH, München, Germany. For ELISpot analysis, the 
CoV-iSpot Interferon-g + Interleukin 2 kit (AID Autoimmun Diagnostika 
GmbH, Straßberg, Germany) was used according to the manufacturer’s 
instructions. 

Shortly, isolated peripheral blood mononuclear cells (PBMC) were 
stimulated with two peptide mixes (Pan Corona peptide mix (covers 
multiple different corona subtypes) and SARS-CoV-2 specific peptide 
mix) and a negative control. 200.000 cells (freshly isolated PBMCs) per 
well were seeded and incubated with SARS-CoV-2 peptide mix for 20 h. 
Pokeweed mitogen was used as positive control. SARS-CoV-2 peptide 
mix consists of two antigen-specific peptide pools. The first peptide pool 
consists of 26 peptides with a length of 15 to 22 amino acids from the 
spike protein (Seq ID YP_009724390.1) and is referred to as the SARS- 
CoV-2 S peptide pool. The second pool consists of 10 highly specific 
sequences of the nucleocapsid protein (Seq ID YP_009724397.2), the 
matrix glycoprotein (Seq ID YP_009724393.1) and the coat protein (Seq 
ID YP_009724392.1) with a length of 10 to 20 amino acids, and is 
referred to as the SARS-CoV-2 NME peptide pool. The two pools were 
combined and are available as a SARS-CoV-2 peptide mix. Most of the 
SARS-CoV-2 specific peptides contained in the AID SARS-CoV-2 peptide 
mix is located in the N-terminal area of the spike protein, while that in 
the AID PAN-Corona conserved regions contained in the peptide mix 
represent the C-terminal area. 

Section of two cytokines was measured: interferon γ (IFNg) and 
interleukin-2 (IL-2). Number of spots/spot forming units was counted 
and depending on the number of spots after stimulation compared to the 
basal spots, the response was classified as reactive, nonreactive or 
equivocal. The thresholds for classification are as follows: if basal spots 
0–1 SI: qualitative ≤5 – nonreactive, qualitative between 5 and 7 – 
equivocal and qualitative ≥7 – reactive; if basal spots 2–20: qualitative 
≤2 – nonreactive, qualitative between 2 and ≤ 3 – equivocal and 
qualitative >3 – reactive. 

In order to determine background levels in the assays utilized, his-
torical data from the laboratory on cellular immunity from healthy 

controls and non-MS convalescent patients was used. 

3. Results 

Demographic and clinical characteristics of the subjects along with 
laboratory findings are summarized in Table 1. Subject 1 developed 
fever, muscle and joint pain lasting for three days. Pharyngeal swab 
testing for the SARS-CoV-2 viral RNA was positive. Subject 2 had fever, 
anosmia, ageusia, headache and fatigue lasting for twelve days. Testing 
for SARS-CoV-2 was not performed, but two members of her household 
tested positive for SARS-CoV-2 viral RNA. Subject 3 experienced fever 
and muscle pain for twelve days and her pharyngeal swab testing for the 
SARS-CoV-2 viral RNA was positive. Subject 4 experienced fever and 
muscle pain that lasted for five days with positive pharyngeal swab 
testing for the SARS-CoV-2 viral RNA. None of the subjects were hos-
pitalized due to COVID-19. They received antipyretics and analgesics as 
needed, including acetaminophen, ibuprofen and diclofenac. Subject 3 
received three days of 500 mg azithromycin daily. All of the patients 
recovered without sequelae. 

All subjects had normal levels of IgM and IgG before the infection. In 
subjects 1,2 and 4, CD19+ B cells were depleted, and these were the 
patients that were adherent with their monthly ofatumumab injections. 
As well, these three subjects tested negative for SARS-Cov2 antibodies 
following the infection on first testing. Subject 4 received COVID-19 
vaccinations before second testing, so both second testing and T-cell 
immunity testing were not performed. Subject 3 administered the last 
dose of ofatumumab 24 days prior to COVID-19 symptoms but had a gap 
of 28 weeks of ofatumumab application beforehand due to low IgM 
levels. That subject tested positive for SARS-COV-2 IgG antibodies on 
both measurements, with increasing titers with time. 

Using interferon-γ ELISpot, we observed that subjects 1, 2 and 3 
showed T cell immunity against SARS-CoV-2 (Table 2). Quotient of basal 
spots divided by interferon-γ secreting spot forming units were 4, 8 and 
14.7 SI in subjects 1, 2 and 3, respectively. ELISpot data from healthy 
controls and non-MS convalescent patients are presented in Table 2. 

4. Discussion 

This report provides clinical and laboratory data on COVID-19 in 
pwMS treated with ofatumumab. To the best of our knowledge, there is 
only one prior report on COVID-19 and ofatumumab. Flores-Gonzalez 
et al. presented a patient treated with ofatumumab who had complete 
B-cell depletion with normal serum IgM and IgG values (Flores-Gonzalez 
et al., 2021). The patient had an asymptomatic COVID-19 with an 
adequate humoral response and presence of anti-SARS-CoV-2 IgG three 
months after the infection. In contrast, three patients presented in this 
study who had complete CD19+ B-cell depletion did not mount an 
antibody response. On the other hand, patient 3, whose B-cells recov-
ered due to ofatumumab dosing interruption, had anti-SARS-Cov2 

Table 1 
Characteristics of patients on ofatumumab and COVID-19. Levels of CD19, IgG, and IgM levels before the infection are presented as well as PCR findings of naso-
pharyngeal swabs for the presence of SARS-Cov2 and finding of SARS-Cov2 antibodies after the infection.  

Subject 
no. 

Age, 
Sex 

Ofatumumab 
exposure 
(months) 

CD19% 
before 

IgM 
before 
(g/L) 

IgG 
before 
(g/L) 

Sars- 
Cov2 
PCR 

Symptoms 
onset date 

Symptom 
duration 
(days) 

Date of 
1st 
sample 

SARS- 
CoV2 IgG 
(U/mL) 

Date of 
2nd 
sample 

SARS- 
CoV2 IgG 
(U/mL) 

1 M, 35 15 0.0 0.59 10.60 + 22 Sep 2020 3 14 Jan 
2021 

0.4 01 Jun 
2021 

<0.4 

2 F, 31 18 0.0 0.82 8.45 ND 27 Dec 2020 12 14 Jan 
2021 

<0.4 07 Jul 
2021 

<0.4 

3 F, 34 18 6.4 0.38 7.95 + 10 Dec 2020 12 03 Feb 
2021 

118 01 Jun 
2021 

>250 

4 F, 32 18 0.0 1.91 11.0 + 12 Nov 2020 5 01 Feb 
2021 

<0.4 ND ND 

M-male. F-female. IgM-immunoglobulin M. IgG-immunoglobulin G. PCR-polymerase chain reaction. ND-not done. 
Reference range: CD19 (6.5–27.0%), IgM (0.40–2.30 g/L), IgG (5.65–17.65 g/L), ACOV2 S (<0.8 U/mL) 
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antibodies. 
These finding raise several important points. Three of the reported 

subjects who were depleted of CD19+ lymphocytes did not develop an 
antibody response, which corroborates findings from ocrelizumab 
treated patients in whom therapy with anti-CD20 monoclonal antibodies 
was significantly associated with a reduced probability of developing 
antibodies after COVID-19 (Sormani et al., 2021b; Bigaut et al., 2021). 
This raises the question whether patients who recovered from COVID-19 
and did not develop an antibody response will in fact have adequate 
immunity from subsequent SARS-Cov-2 infections. Studies on healthy 
people and subjects taking rituximab for rheumatoid arthritis have 
shown that T-cell mediated responses may contribute to protection 
against SARS-CoV-2 (Sekine et al., 2020; DiPiazza et al., 2021; Bonelli 
et al., 2021; Benucci et al., 2021). SARS-CoV-2-specific memory lym-
phocytes exhibit characteristics associated with potent antiviral func-
tion: memory T cells secret cytokines and expand upon antigen re- 
encounter (Rodda et al., 2021). Maybe the best example of the impor-
tance of T cells in human immunity to SARS-CoV-2 are case studies of 
COVID-19 patients with agammaglobulinemia. COVID-19 patients with 
X-linked or autosomal recessive agammaglobulinemia were able to 
recover from infection without oxygen ventilation or intensive care, 
suggesting that while B cells and antibodies are critical for preventing 
infection or reducing inoculum size, T cell responses may be sufficient to 
clear infection with minimal disease (Soresina et al., 2020). Data on T- 
cell immunity in people with MS taking another B-cell depleting ther-
apy, Ocrelizumab are emerging, emphasizing T-cell immunity as an 
important factor in the protection against SARS-CoV-2. The first study 
compared B cell and T cell responses longitudinally in 20 pwMS on anti- 
CD20 antibody monotherapy with 10 HC after BNT162b2 or mRNA- 
1273 mRNA vaccination. In this study all pwMS treated with aCD20 
therapy generated antigen-specific CD4 and CD8 T cell responses after 
vaccination (Apostolidis et al., 2021). Moreover, several subsequent 
studies, some of which have still not been peer-reviewed, confirmed that 
pwMS who were treated with ocrelizumab generated comparable SARS- 
CoV-2-specific T-cell responses with healthy controls and/or pwMS on 
other MS therapies (Brill et al., 2021; Sabatino et al., 2021; Gadani et al., 
2021). However, it is not yet clear to which extent of T cell response and 
for how long it is adequate to protect patients against virus infection 
after recovery from COVID-19 or vaccination. 

Finally, the presented subject whose levels of CD19+ lymphocytes 
recovered had an adequate antibody response to SARS-Cov-2. This has 
implications not only for long-term COVID-19 immunity but as well as 
for COVID-19 vaccine readiness. It has been demonstrated that pwMS 

treated with ocrelizumab have an attenuated response to vaccines (Bar- 
Or et al., 2020). Ofatumumab, unlike ocrelizumab, has a relative rapid 
repopulation of CD20+ lymphocytes after treatment interruption (Baker 
et al., 2020). In that way, a treatment gap could be made before COVID- 
19 vaccination in order to enable a proper antibody response. The data 
for ocrelizumab suggest that delaying the dose up to nine months since 
the previous one is associated with B-cell repopulation but without 
clinical signs of MS activity (Barun et al., 2021). However, how long 
ofatumumab should be withheld and what effect that would leave on 
possible disease reactivation is not yet known. 

In conclusion, we report on four pwMS treated with ofatumumab 
with mild COVID-19. While no antibody response was observed in 
pwMS who were CD19+ lymphocyte depleted, T cell immunity against 
SARS-CoV-2 was observed in all three pwMS treated with ofatumumab. 
A COVID-19 substudy in the ALITHIOS trial is currently ongoing to 
further investigate and verify these findings. 
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Adamec, Rogić, Penz, Braun, Habek. Administrative, technical, and 
material support: Adamec, Rogić, Penz, Braun, Habek. 
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Table 2 
Results of the cellular immunity using interleukin-2 (IL-2) and interferon-γ (IFNg) ELISpot in pwMS on ofatumumab, healthy controls, and non-MS convalescent 
patients.  

Subject no. Age, 
Sex 

Date of the 
sample 

ELISpot: IL-2 
basal spots (SI) 

ELISpot: IL-2 
SARS-CoV-2 spots 
(SI) 

IL-2 SARS-CoV-2 
quantitative 

ELISpot: IFNg 
basal spots (SI) 

ELISpot: IFNg 
SARS-CoV-2 spots 
(SI) 

IFNg SARS-CoV-2 
quantitative 

1 M, 35 01 Jun 
2021 

4 8 Non-reactive 2 8 Reactive 

2 F, 31 07 Jul 
2021 

2 12 Reactive 0 8 Reactive 

3 F, 34 01 Jun 
2021 

9 52 Reactive 3 44 Reactive 

4 F, 32 ND ND ND ND ND ND ND 
Healthy control – 1 F, 47 19 Nov 

2020 
0 0 Non-reactive 0 0 Non-reactive 

Healthy control – 2 F, 38 19 Nov 
2020 

5 4 Non-reactive 2 1 Non-reactive 

non-MS 
convalescent 
patient – 1 

F, 48 18 Nov 
2020 

1 25 Reactive 0 27 Reactive 

non-MS 
convalescent 
patient – 2 

F, 38 18 Nov 
2020 

1 23 Reactive 1 19 Reactive 

ND-not done, MS- multiple sclerosis. 
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Lubetzki, C., De Sèze, J., Covisep investigators, Derouiche, F., Tourbah, A., 
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