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Background: Disease modifying therapies for multiple sclerosis (MS) can impair the specific immune response to
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). Specifically, it is recognized that ocrelizumab
reduces or abrogates anti-SARS-CoV-2 antibody production after natural infection or vaccination, while very

Stimulation little is known about T-cell responses.
Interferon-gamma . .
IGRA Methods: We developed an interferon (IFN)-y release assay (IGRA) to detect T-cell responses specific to SARS-

CD20 CoV-2 after overnight stimulation of whole blood with peptide libraries covering the immunodominant
sequence domains of the Spike glycoprotein (S) and the Nucleocapsid phosphoprotein (N).
Results: Five patients with MS receiving ocrelizumab treatment for at least 1 year and recovered from SARS-CoV-
2 infection were enrolled in the study. Despite the absence or the very low concentration of anti-S antibodies, a T-
cell response was detectable in all the five MS patients. These results are in accordance with the marked
reduction of peripheral B-lymphocyte absolute counts induced by ocrelizumab, that, conversely, did not affect
peripheral blood T-lymphocyte subset absolute and relative counts and CD4/CD8 ratio.
Conclusions: The detection of specific T-cell responses to SARS-CoV-2 in patients receiving B-cell depleting
therapies represents a useful tool to improve the diagnostic approach in SARS-CoV-2 infection and to accurately
assess the immunological response after natural infection or vaccination.

1. Background Thornton and Harel, 2020). Recently, Achiron et al. showed poor sero-

conversion rates after SARS-CoV-2 vaccination in MS patients receiving

We investigated specific T-cell responses towards severe acute res-
piratory syndrome coronavirus-2 (SARS-CoV-2) in patients receiving B-
cell depleting treatment with ocrelizumab for multiple sclerosis (MS),
who recovered from coronavirus disease-2019 (COVID-19). Little is
known about cell-mediated responses in patients receiving B-cell
depleting therapies after SARS-CoV-2 natural infection or vaccination
(Asplund Hogelin et al., 2021), while several case reports have
demonstrated the absence of detectable anti-SARS-CoV-2 antibodies
(Ab) (Iannetta et al., 2020; Khayat-Khoei et al., 2021; Smets et al., 2021;

B-cell depleting treatments (Achiron et al., 2021). The role of T-cell
responses in terms of protection against SARS-CoV-2 infection and
re-infection needs to be further elucidated.

Interferon (IFN)-y release assay (IGRA) represents a useful tool to
identify individuals with specific cellular immunity for SARS-CoV-2
(Murugesan et al., 2020).
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2. Methods

The study was approved by the local Ethic Committees (number
46.20). All patients signed a written informed consent. Anti-Spike Ab
specific for SARS-CoV-2 were detected with a commercial electro-
chemiluminescence immunoassay (Elecsys® Anti-SARS-CoV-2 S, Roche
Diagnostics). Peripheral blood lymphocyte subsets were assessed with a
lyse no wash standardized protocol, using the BD® Multitest 6-Color
TBNK Reagent and trucount tubes (BD Biosciences). T-lymphocyte
specific response was assessed with an interferon (IFN)-y release assay
(IGRA) after overnight stimulation with SARS-CoV-2 peptide libraries.
Pools of lyophilized peptides, consisting mainly of 15-mer sequences
with 11 amino acids overlap, covering the immunodominant sequence
domains of the Spike glycoprotein (S) (GenBank MN908947.3, Protein
QHD43416.1) and the Nucleocapsid phosphoprotein (N) (GenBank
MN908947.3, Protein QHD43423.2) of SARS-CoV-2 were purchased
from Milteny Biotec. Briefly, 500ul of fresh heparinized blood were
incubated overnight at 37°C and 5% CO», after stimulation with Pep-
Tivator® S1, S, and N (3 conditions for each peptide library plus 1
condition with pooled peptides) at a final concentration of 1ug/ml. For
each patient a negative and positive (phytohemagglutinin 5ug/ml)
condition was also included. After 18 hours, supernatants were collected
and stored at -80°C. IFN-y production was assessed with a commercial
enzyme linked immunosorbent assay (ELISA) kit (Human IFN-y DuoSet
ELISA, R&D Systems), following manufacturer’s instructions. SARS-
CoV-2 anti-Spike antibodies and T-lymphocyte specific responses were
assessed on the same day.

3. Results

Five patients (4 males, median age 33 years, range 27-50) with a
relapsing remitting (RR) MS, receiving ocrelizumab treatment, who
experienced SARS-CoV-2 infection, were enrolled in this study. All pa-
tients had been exposed to ocrelizumab for at least 1 year. Median
expanded disability status scale (EDSS) was 0.5 (range 0-3). SARS-CoV-2
infection was diagnosed through SARS-CoV-2 RNA molecular detection
on nasopharyngeal swab. Two patients needed hospitalization because
of COVID-19 pneumonia, and were classified as severe. Patients were
sampled after a median of 89 days from COVID-19 onset (range: 66-176)
and 89 days from the last ocrelizumab infusion (range: 36-196). Clinical
data are reported in Table 1.

Anti-S Ab were detectable only in two subjects (OCRE1: 0.54 U/ml
and OCRE5: 155.6 U/ml) at low concentrations. Flow cytometry
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analysis of peripheral blood showed a reduction in CD19+ B-lympho-
cyte absolute and relative counts (median: 1 cell/pl, range 0-15; median
0.04%, range 0-0.96; respectively). Conversely, CD4+ and CD8+ T-cell
absolute and relative counts were within normal ranges, and CD4/CD8
ratio was above 1 for all the subjects (Table 1).

Whole blood stimulation showed detectable levels of IFN-y upon
PepTivator® S1 and N stimulation in all patients with the exception of
subject OCRE3. After stimulation with PepTivator® S, I[FN-y was unde-
tectable in supernatants of 2 subjects (OCRE1 and OCRE3). Interest-
ingly, after pooling together the three peptide libraries (S1, S and N), an
IFN-y production was detectable in all the subjects, including subject
OCRES3 (Fig. 1).

Results from three healthy controls are reported in supplementary
table 1, showing the consistency of the stimulation.

4. Discussion

In this case collection of 5 MS patients under ocrelizumab treatment
who recovered from COVID-19, despite the absence of anti-S antibody
production, a specific T-cell response was detectable with a SARS-CoV-2
specific IGRA test. This immunological profile is consistent with the
alterations observed in peripheral blood lymphocyte count of the
enrolled patients, showing very low B-lymphocyte absolute counts and
normal T-lymphocyte subset absolute counts. Whole blood stimulation
with the same type of SARS-CoV-2 peptides libraries used in our
experiment, has shown high sensitivity and specificity to diagnose and
distinguish different SARS-CoV-2 exposures (Murugesan et al., 2020).
SARS-CoV-2 IGRA assay could be a valuable tool for implementing the
accuracy of diagnosis of COVID-19, especially in those subjects receiving
B-cell depleting treatments. Moreover, it may represent an integrative
approach to correctly establish the efficacy of vaccination in patients
receiving immunosuppressants targeting the B-cell compartment.

T-cell response is also involved in SARS-CoV-2 infection recovery
process (Peng et al., 2020; Sekine et al., 2020) therefore the rapid and
easy assessment of this response would allow a better risk stratification
and management of immunocompromised patients with SARS-CoV-2
infection.

Very little is known about the protective role of SARS-CoV-2 specific
T-cell responses in patients with low or absent anti-SARS-CoV-2
neutralizing antibody titers. However, recently in a rhesus macaques
SARS-CoV-2 infection animal model, McMahan K. et al. showed that
depletion of CD8+ T cells in convalescent animals partially abrogated
the protective efficacy of natural immunity against SARS-CoV-2 re-

Table 1
Demographic, clinical and laboratory characteristics of the 5 RRMS patients under ocrelizumab treatment.
ID Age Sex EDSS Disease N# of OCRE Last OCRE Last OCRE- COVID-19 COVID-19 COVID-19 NPhS-POS
duration infusions COVID-19 Sampling (days)  Sampling (days)  Severity hospital NPhS-NEG
(years) (days) (Days)
OCRE1 33 M 0 9 4 184 89 154 Mild No 7
OCRE2 33 M 0 6 3 17 83 66 Severe Yes 31
OCRE3 27 M 1 2 5 36 125 89 Mild No 14
OCRE4 34 F 2.5 6 4 20 196 176 Severe Yes 25
OCRES 50 M 3 5 5 175 36 85 Mild No 24
ID Anti-Spike CD19% CD19# CD3% CD3# CD4% CD4# CD8% CD8# CD4/CD8
Ab cells/pl cells/pl cells/ul cells/ul ratio
(U/ml)
OCRE1 0.54 0 0 64.29 1337 47.3 984 15.23 317 3.05
OCRE2 <0.40 0.08 1 75.99 922 38.2 464 27.54 334 1.38
OCRE3 <0.40 0.04 1 72.74 1140 35.85 562 29.54 463 1.21
OCRE4 <0.40 0.96 15 90.88 1376 53.64 812 34.19 518 1.57
OCRES 155.6 0 0 69.81 895 48.02 615 18.47 237 2.53

Demographic and clinical characteristics of the 5 RRMS patients under ocrelizumab treatment. MS: multiple sclerosis; RR: relapsing-remitting; OCRE: ocrelizumab;
Last OCRE COVID-19: days from last ocrelizumab infusion to COVID-19 symptoms onset; Last OCRE Sampling: days from last ocrelizumab infusion to the blood
sampling day for T-cell stimulation; COVID-19 Sampling: days from COVID-19 symptom onset to the blood sampling day for T-cell stimulation and anti-Spike antibody
quantification; COVID-19 hospital: hospitalization because of COVID-19; NphS-pos NPh-S neg: days from the first SARS-CoV-2 positive nasopharyngeal swab to the
first negative nasopharyngeal swab. Ab: antibodies; Anti-Spike Ab limit of detection: 0.40 U/ml
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Fig. 1. Interferon-gamma release assay for the detection of T-cell responses to
SARS-CoV-2 in 5 multiple sclerosis patients treated with ocrelizumab.

T-cell specific response to SARS-CoV-2 was assessed with an IFN-y release assay
after overnight stimulation with SARS-CoV-2 peptide libraries (PepTivator®
SARS-CoV-2 Prot_S1, Prot S and Prot N). PepTivator® SARS-CoV-2 Prot_S1
covers the N-terminal S1 domain of the spike protein (amino acids [aa] 1-692).
PepTivator® SARS-CoV-2 Prot S covers selected immunodominant sequence
domains of the spike protein (aa 304-338, 421-475, 492-519, 683-707,
741-770, 785-802, and 885-1273). PepTivatorSARS-CoV-2 Prot_N covers the
complete sequence of the N phosphoprotein of SARS-CoV-2.

For each subject, 6 conditions were set up: unstimulated (NS); stimulation with
PepTivator® SARS-CoV-2 Prot_S1 [1pg/ml] (S1); stimulation with PepTivator®
SARS-CoV-2 Prot S [1ug/ml] (S); stimulation with PepTivator® SARS-CoV-2
Prot N [1pg/ml] (N); stimulation with pooled peptides, S1 + S + N [1ug/ml]
(P); stimulation with phytohemagglutinin 5ug/ml (PHA). After overnight
stimulation, IFN-y concentration (ng/ml) in supernatants was assessed with a
commercial ELISA KIT. Each sample was tested in duplicate. A 7-point standard
curve was included in each ELISA session. IFN-y response was defined as pep-
tide or PHA stimulated condition minus unstimulated condition.

challenge, suggesting the importance of cellular immunity in the context
of waning or sub-protective antibody titers (McMahan et al., 2021).

One limitation of our study is represented by the lack of pre-infection
samples to evaluate SARS-CoV-2 specific T-cell responses prior to
COVID-19 disease. It has been shown that in some SARS-CoV-2 unex-
posed donors T-cells display significant reactivity to SARS-CoV-2 anti-
gen peptide pools, due to cross-reactivity with other coronaviruses
(Sette and Crotty, 2020).

Further studies are needed, involving larger cohorts of immuno-
compromised subjects, to confirm the role of T-cell responses during
SARS-CoV-2 acute infection and after vaccination.
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