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Abstract
The SARS-CoV-2 pandemic has tremendous implications for the management of patients with
autoimmune conditions such as multiple sclerosis (MS) under immune therapies targeting CD20+ B cells
(aCD20). We here investigated humoral and cellular immune responses, including neutralization against
SARS-CoV-2 WT and delta variant and T cell responses of aCD20-treated MS patients following SARS-
CoV-2 vaccination compared to healthy controls. aCD20-treated MS patients had lower anti-SARS-CoV-2-
Spike titers, which correlated with B-cell repopulation. Sera of aCD20 treated patients had reduced
capacity to neutralize WT and delta pseudoviruses in vitro. On the contrary, aCD20 treated patients
elicited higher frequencies of CD3+ T cells, Th1 cells, Th2 cells, Tc1 cells and CD8+IFN-γ+IL-2+ cells. In
summary, aCD20 treated patients have a reduced humoral immune response, depending on B cell
repopulation, in accordance with a shift of cellular immune response to a stronger Th1, Th2 and Tc1
phenotype, suggesting strong cellular protection against SARS-CoV-2.

Introduction
Coronavirus-disease-2019 (COVID-19) induced by SARS-CoV-2 is a potentially life-threatening disease,
having led to a global pandemic since early 2020. This raised concerns especially for vulnerable patient
groups with impaired immunity, namely patients with chronic autoimmune conditions under highly active
immunotherapy such as multiple sclerosis (MS). During the last 20 years, scienti�c progress led to the
development of nearly 20 medications for MS therapy, including monoclonal antibodies targeting B cells
via anti-CD20 (aCD20) such as rituximab or ocrelizumab1. aCD20 treated patients are at higher risk for
hospitalization and a more severe course of COVID192. Since the end of 2020, the �rst vaccine
candidates received emergency use authorization, showing high e�cacy against SARS-CoV-2 infection3.
Since B cells are crucial for the development of a humoral response, investigating the immune response
following SARS-CoV-2 vaccination is of huge importance. First reports in 2021 showed reduced humoral
response in aCD20 treated MS patients4. Most research so far focused on humoral immunity regarding
the presence of neutralizing antibody titers following vaccination. However, T cells can exert long lasting
and robust immune responses, provide more longevity compared to neutralizing antibodies and are
additionally less prone for escape mechanisms5. Since knowledge about cellular immune response in
aCD20 treated patients is sparse, we here analyzed humoral and T cell responses of MS patients under
aCD20 therapy 4-8 weeks following a second vaccination against SARS-CoV-2. Data were corroborated
by the analysis of the neutralization capacity of respective sera against the wildtype and the currently
circulating delta variant of concern of SARS-CoV-2 in vitro. Those data will help to better stratify aCD20
treated patients regarding risk management and vaccination strategy.

Methods

Study design
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The study was authorized by the local ethics committee of the Ruhr-University Bochum (20-6953-bio).
Patients were recruited at the Department of Neurology, Ruhr-University Bochum, St. Josef-Hospital. We
included n=10 healthy age-matched controls and n=36 B-cell depleted MS patients (n=20 ocrelizumab,
n=16 off-label rituximab). All patients provided written informed consent. The demographics of the study
participants are presented in Table 1. Samples were collected within 4-8 weeks following the second
vaccination against SARS-CoV-2.

Table 1
Demographic and clinical characteristics of recruited MS patients and healthy

controls. Age, disease duration and EDSS are presented as mean. SD: standard
deviation, SEM: standard error of the mean.

  MS HC

Number 36 10

Male (%) 8 (22%) 5 (50%)

Female (%) 28 (78%) 5 (50%)

Age ± SD (range) 40,8 ± 10,6 (20 to 58) 38,7 ± 15,4 (22 to 60)

Disease duration ± SD (range) 10,2 ± 7,5 (1 to 29) NA

EDSS ± SD (range) 2,25 ± 1,4 (0 to 6,5) NA

EDSS median 2 NA

EDSS ± SEM 0,24 NA

Treatment MS total 36 HC total 10

Ocrelizumab 20 (56%) -

Rituximab 16 (44%) -

no therapy - 10 (100%)

Vaccination MS total 36 HC total 10

Comirnaty (P�zer/Biontech) 31 (86%) 5 (50%)

Vaxzevria (Astrazeneca) 3 (8%) -

Spikevax (Moderna) 1 (3%) -

Mixed (Vaxzevria and Comirnaty) 1 (3%) 5 (50%)

Anti-SARS-CoV-2 spike antibody titer
Titers were evaluated using the Elecsys anti-SARS-CoV-2 S assay (range 0.4-2,500 U/ml; Roche).

Cell isolation and cryopreservation
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Blood collection for peripheral blood mononuclear cells (PBMC) isolation was conducted using four 7.5
ml KABEVETTE® G EDTA tubes per patient. Blood residues in the EDTA tubes were transferred to the
collecting tube by washing each tube with 7.5 ml PBS. The 30 ml blood sample was slowly placed on top
of 15 ml ROTI®Sep 1077 human density gradient (Carl Roth) in a 50 ml centrifuge tube. Density gradient
centrifugation was performed at 800 g for 30 min. without break. The interface containing the PBMCs
was withdrawn from the gradient and washed twice with PBS at 1200 rpm for 10 minutes. The cell pellet
was resuspended in 10 ml PBS and cell number was determined using trypan blue in an Improved
Neubauer chamber. 10-20x106 cells were cryopreserved in 1 ml CTL-Cryo-ABC Freezing media Kit
(ImmunoSpot®) according to the manufacturer instructions. The cryotubes were cooled down overnight
in a MrFrosty (Sigma) at 80°C and stored at 80°C.

PBMC stimulation using SARS-CoV-2 peptide pool
PBMCs were thawed in a 37°C water bath and diluted in 10 ml RPMI medium 1640 (Gibco) with
GlutaMAX ™ and 1% Penicillin/Streptomycin (Pen/Strep) (both Thermo�sher) and centrifuged at 1200
rpm for 10 min. The pellet was washed once with 10 ml PBS and resuspended in 1 ml OpT®mizer ™ CTS
™ (Thermo�sher). Cell number was determined using trypan blue in an Improved Neubauer chamber. 80 µl
per sample were seeded in duplicates in a round bottom 96 well plate (Sarstedt) at a concentration of
2.5x106 cells per ml. Cells were stimulated with 2 µg/ml PepMix SARS-CoV-2 (JPT) for 16-18 hours
together with Brefeldin A solution (BioLegend). The peptide mix consisted of a pool of 315 (158+157)
peptides derived from a peptide scan (15mers with 11 aa overlap) through Spike glycoprotein (Swiss-Prot
ID: P0DTC2) of SARS-CoV-2. Additional wells in duplicates were seeded for unstained control, dead cell
positive control and unstimulated control without PepMix SARS-CoV-2 for each treatment group.

Flow cytometry
After peptide stimulation for 16-18 hours the cells were stained for �ow cytometry against extracellular
markers (BioLegend, anti-CD3 clone: SK7 RRID: AB_2616890, anti-CD4 clone: SK3 RRID: AB_1937227,
anti-CD8a clone: RPA-T8 RRID: AB_2629694) and intracellular markers (BioLegend, anti-IFN-γ clone:
4S.B3 RRID: AB_961357, anti-IL-2 clone: MQ1-17H12 RRID: AB_315096, anti-IL-4 clone: MP4-25D2 RRID:
AB_315127). Antibody dilutions are presented in Supplementary Table 1. Extracellular staining was
conducted together with viability stain Zombie Aqua™ Dye (BioLegend) for 30 min. at 4°C. Fixation and
permeabilization were performed with Fixation Buffer (BioLegend) and intracellular staining perm wash
buffer (BioLegend) before intracellular staining according to the manufacturer’s instructions.
Subsequently, for intracellular staining cells were incubated for 30 min. at room temperature. Flow
cytometry was performed using a FACSCelesta™ Flow cytometer (BD) with High Throughput Sampler and
FACSDiva™ Software (BD FACS Diva Software, Version 9.0). The gating strategy is shown in Fig. S1. Flow
cytometry data were analyzed with FlowJo™ (BD, version 10.7.1).

SARS-CoV-2 neutralization assay
SARS-CoV-2 pseudoviruses were prepared as described previously6. Brie�y, sera were incubated for 30
min at 56°C in order to inactivate complement factors. Single cycle VSV∗ΔG(FLuc) pseudoviruses
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bearing the SARS-CoV-2 spike (D614G) protein7 or SARS-CoV-2 B.1.617.2 (Delta) (EPI_ISL_1921353)
spike in the envelope were incubated with quadruplicates of twofold serial dilutions from 1:20 to 1:2560
of immune sera in 96-well plates prior to infection of Vero E6 cells (1x104 cells/well) in DMEM with 10%
FBS (Life Technologies). At 18 hours post infection, �re�y luciferase (FLuc) reporter activity was
determined as previously described8 using a CentroXS LB960 (Berthold) and the reciprocal antibody
dilution causing 50% inhibition of the luciferase reporter was calculated as pseudovirus neutralization
dose 50% (PVND50). Detection range is de�ned to be between 1:20 of above 1:2560.

Statistics
GraphPad Prism (version 9.2.0) was used for statistical analysis. Data were tested for Gaussian
distribution using Kolmogorov-Smirnov test. Data were analyzed with Mann-Whitney U test, correlations
were calculated using Spearman correlation.

Data Availability
All data are available from the corresponding author SF upon reasonable request.

Results
Baseline characteristics

We included 36 MS-Patients with a mean age of 40.8 years and a disease duration of 10.2 ± 7.5 years
(mean ± SD; Table 1) and n=10 age-controlled controls (age 38.7 ± 15.4, HC). MS-patients had a mean
EDSS of 2.25 ± 1.4 (range 0 to 6.5). 56% of aCD-20 treated patients were under therapy with ocrelizumab,
44% received off-label rituximab. The majority of MS-patients had been vaccinated with an mRNA-
vaccine (86% Comirnaty, P�zer/Biontech).

Anti-SARS-CoV-2-Spike antibody spike titer correlates with repopulating B cells

Anti-SARS-CoV-2-Spike antibodies were signi�cantly lower in aCD20 treated MS patients compared to
healthy controls (HC 2337 U/ml ± 147.3 (mean ± SEM); aCD20 243.3 U/ml ± 103.7; p<0.0001; Fig. 1a). HC
showed no correlation of CD19+ B cells with the titer since 80% of the patients had a titer of 2500 U/ml at
the maximum range (Fig. 1b). On the contrary, in aCD20 treated patients the anti-SARS-CoV-2-Spike titer
correlated with the frequency of CD19+ B cells (r=0.6844, p<0.0001; Fig. 1c). Age did not correlate with
anti-SARS-CoV-2-spike antibodies (Fig. 1d, e).

aCD20-treated patients developed fewer neutralizing antibodies against the WT and delta variant of
SARS-CoV-2

The participants’ sera were tested for their capacity to reduce the SARS-CoV-2-virus variants’ infection
rate in vitro using a neutralization assay against wild type (WT) and delta variant of SARS-CoV-2. The
capacity of respective sera to reduce the infectivity of mammalian cells using WT and Delta
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pseudoviruses was calculated as 50% inhibition (ND50) of a luciferase reporter virus. Sera of anti-CD20
treated MS patients had signi�cantly less neutralizing effect on WT (p<0.01) and Delta variants
(p<0.0001) of SARS-CoV-2 compared to HCs (Fig. 2a,b). We also analyzed whether there was an
association of anti-SARS-CoV-2 spike titers and neutralization capacity of respective sera. In HC, there
was a signi�cant correlation of anti-SARS-CoV-2 spike and WT neutralization (r=0.7006, p=0.0222), but
not for delta, whereas no correlation could be observed in aCD20 treated patients (Fig. 2c, d).

Higher frequency of CD3 + T cells following SARS-COV peptide stimulation in aCD20 treated MS patients

Since aCD20 treated MS patients revealed a restricted humoral immune response, we proceeded to
evaluate cellular immune response following stimulation with a peptide pool of SARS-CoV-2 (pool of 315
(158+157) peptides derived from Spike glycoprotein (Swiss-Prot ID: P0DTC2)). aCD20 treated MS
patients revealed a higher frequency of overall CD3+ T cells than HC (HC 56.78% ± 2.358; aCD20 72.29%
± 1.908 (mean ± SEM); p<0.0001) (Fig. 3a). Frequencies of CD4+ T helper cells were also higher in aCD20
treated MS patients compared to HC (HC 30.02% ± 1.411; aCD20 38.43 ± 3.171; p<0.05). CD8+ cytotoxic
T cells did not differ from HC (Fig. 3c). The frequency of T cells, T helper cells (Th cells) and cytotoxic T
cells was neither in HC nor in aCD20 dependent on the anti-SARS-CoV-2-Spike titer (Fig. S2). In line with
this �nding, cellular immune response of T cells, T helper cells and cytotoxic T cells did not correlate with
neutralization capacity of respective sera except for delta neutralization and correlation with activation of
CD4+ T helper cells (HC r=-0.7619, p=0.0368; aCD20 r=0.3492, p=0.0368; Fig. S3d).

To evaluate the effect of aging on cellular immune response, we correlated overall CD3+ T cells with age.
In aCD20 treated patients, the percentage of T cells in the blood was dependent on the age with a
younger age accounting for a higher percentage of T cells (r=-0.3532, p=0.0374; Fig. S4a). In HC, we
observed the same trend, which however lacked signi�cance.

Th1 and Th2 cell populations were signi�cantly increased following SARS-COV peptide stimulation in MS
patients under antiCD20 therapy

We further analyzed subpopulations of CD4+ Th cells between respective groups. Th1 cells expressing
both CD4 and IFN-γ were signi�cantly more abundant in aCD20 treated MS patients than in HC (HC
3.616% ± 0.3461; aCD20 18.69% ± 1.770 (mean ± SEM); p<0.0001) (Fig. 4a, c). Memory CD4+ T helper
cells, characterized by the expression of IL-2, did not differ between both groups (Fig. 4b). In contrast, IL-4
expressing CD4+ T helper cells were signi�cantly more abundant in PBMCs of aCD20 treated MS patients
than in HC (Fig. 4c). IFN-γ and IL-2 double positive CD4+ Th cells did not signi�cantly differ between both
groups, although there was a trend towards higher frequency in aCD20 treated MS patients (Fig. 4d). T
helper cell subpopulations did not correlate with anti-SARS-CoV-2-spike titer (Fig. S5).

Higher frequencies of subpopulations of cytotoxic T cells expressing IFN-γ or both IFN-γ and IL-2
following SARS-COV peptide stimulation in aCD20 treated MS patients
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We further analyzed subpopulations of CD8+ cytotoxic T cells regarding the expression of IFN-γ and IL-2.
CD8+ T cells expressing IFN-γ were abundant with a higher frequency in aCD20 treated MS patients than
in HC (HC 1.399% ± 0.3599; aCD20 8.135% ± 0.8551 (mean ± SEM); p<0.0001) (Fig. 5a). CD8+ T cells
expressing IL-2 did not differ (Fig. 5b). On the contrary, CD8+ T cells expressing both IFN-γ and IL-2 were
found with higher frequency in aCD20 treated MS patients (HC 4.399% ± 0.6898; aCD20 17.63% ± 2.314
(mean ± SEM); p<0.0001) (Fig. 5c). In aCD20 treated MS patients, anti-SARS-CoV-2-Spike titers correlated
with Tc1 cell percentages (r=0.3904; p=0.0204; Fig. S6). In HCs, this correlation was not present. Anti-
SARS-CoV-2-Spike titers did not correlate with cytotoxic T cell subsets expressing IL-2 or IFN-γ together
with IL-2 (Fig. S6).

Discussion
The SARS-CoV-2 pandemic has profound implications for the management of patients with chronic
disorders, especially patients with chronic immune diseases in need of a permanent immunomodulatory
or immunosuppressive therapy such as patients with multiple sclerosis, rheumatoid arthritis or transplant
patients. The treatment of MS patients has seen huge progress during the last twenty years, offering a
broad armamentarium of medications for different severities and MS courses1,9. Early during the
pandemic there was a debate regarding the risk of MS patients to develop a severe course of COVID-19.
We10 and others showed that MS per se is not associated with a higher risk for severe COVID-19. There
are, however, subgroups of patients at higher risk. Data from 657 suspected and 1683 con�rmed COVID-
19 MS patients under disease modifying therapy showed that older age, progressive MS phenotype and
higher disability are associated with worse COVID-19 outcomes2. Moreover, treatment with aCD20
therapy with ocrelizumab and rituximab was associated with higher rates of hospitalization (aOR 1.75,
95% CI 1.29-2.38; aOR 2.76, 95% CI 1.87-4.07) and ICU admission (aOR 2.55, 95% CI 1.49-4.36; aOR 4.32,
95% CI 2.27-8.23) and, for rituximab, with arti�cial ventilation (aOR 6.15, 95% CI 3.09-12.27)2.

The development of vaccines against SARS-CoV-2 raised the question whether especially patients under
B cell depletion might be at risk to develop only a reduced humoral and cellular immune response due to
the lack of B cells, important for co-stimulation. While there is evidence, that B cell depleted MS-patients
are at higher risk for a severe course of COVID-192, there are only anecdotal reports of patients under B
cell depleting therapy vaccinated against SARS-CoV-2 with breakthrough infection11; hence, it remains
unclear how vaccination against SARS-CoV-2 might in�uence this risk.

We here demonstrate that patients under B cell depletion show a reduced humoral immune response by
measuring anti-SARS-CoV-2 spike antibodies, in line with a reduced capacity to neutralize WT and delta
pseudovirus in vitro. Development of anti-SARS-CoV-2 spike antibodies correlated strongly with
repopulation of B cells. On the contrary, aCD20 treated patients exhibited a stronger cellular immune
response following SARS-COV peptide stimulation compared to HC. This was mainly characterized by
higher frequencies of overall CD3+ T cells, IFN-γ expressing CD4+ T helper (Th1) cells, IL-4 expressing
CD4+ T helper cells (Th2), IFN-γ expressing CD8+ cytotoxic T cells (Tc1) cells and IFN-γ IL-2 expressing
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CD8+ T cells, suggesting an enhanced cellular immune response of Th1, Th2 and Tc1 in aCD20 treated
MS patients.

The �rst report raising questions regarding the development of a proper immune response in aCD20
treated patients was shown in early 2021 in MS patients treated in Israel4. Those data showed that
patients under B cell depleting therapy indeed develop only in 22.7% of the cases a humoral immune
response against SARS-CoV-2 spike 29.5-55 days after the second vaccine dose4. Apart from MS, there
are numerous reports having shown impaired humoral immune response in immunosuppressed patients
such as in rheumatoid arthritis, systemic lupus erythematosus and vasculitis under different
immunosuppressive therapies including rituximab12. Using the IFN-γ enzyme linked immunosorbent spot
(ELISpot) assay, preserved cellular immune response in B cell depleted patients with impaired humoral
response was demonstrated in a group of rituximab treated rheumatology patients13, however without
analyzing distinct immune subpopulations. Apostolidis et al. showed a reduced spike-speci�c and
receptor-binding domain (RBD)-speci�c antibody and memory B cell responses in most patients in a
group of n=20 MS patients under aCD20 therapy14. Moreover, the group showed that CD8 T cell induction
was augmented with preserved type 1 helper T (Th1) cell priming14. Those data are in line with our
�ndings, showing that aCD20 treated patients present a strong response of both Th1 and Tc1 cells.

Th1 cells producing IFN-γ and IL-2 are considered as a subpopulation of cells with superior protective
cellular capacity15. Hence, it might be speculated that patients under aCD20 therapy might at least be in
part protected against SARS-CoV-2 infection due to a skewed cytotoxic T cell response. The cytotoxic T
cell response is fast, potent, and detectable 10-12 days after a prime vaccination3. On the contrary, a
prime vaccination only leads to a limited presence of class-switched B cells that could produce S1-
speci�c IgG, while the second booster vaccination mobilizes antigen-speci�c memory B cells to the
periphery after boost16. In addition, the T cell response is broader, targeting multiple SARS-CoV-2 variants
of concern following BNT162b2 mRNA-vaccination due to conservation of T cell epitopes on SARS-CoV-2
variants, whereas some variants can partially escape humoral immunity17. A stable and fully functional
CD8+ T cell response is already mobilized one week after prime vaccination with the mRNA vaccine
BNT162b2, when circulating CD4+ T cells and neutralizing antibodies are still weakly detectable16. The
longevity of this protective T cell immunity induced by mRNA vaccination remains unclear. Patients who
recovered from SARS following infection during the outbreak in 2003 possess indeed long-lasting
memory T cells that are reactive to the N protein of SARS-CoV 17 years later18. Moreover, these T cells
displayed robust cross-reactivity to the N protein of SARS-CoV-2, suggesting that beta-coronaviruses
induce multi-speci�c and long-lasting T cell immunity against the structural N protein18. Memory B-cells
on the contrary are not durable in coronavirus infection and disappear within less than three years
following infection5.

In summary, our study provides evidence that patients under B cell depleting therapy have a reduced
humoral response and that the development of an anti-SARS-CoV-2 titer depends on the reconstitution of
B cells, in line with reduced capacity to neutralize WT and delta variant of SARS-CoV-2. Moreover, we
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show that B cell depletion leads to a shift of cellular immune response, characterized by strong Th1, Th2
and Tc1 response, suggesting strong cellular immunity against SARS-CoV-2 in aCD20 treated patients.
Those data altogether support that, if possible, aCD20 treated patients should be vaccinated or boostered
during the reconstitution of B cells. Long-term studies are required to address the question whether
vaccination in aCD20 treated patients might be protective against the development of COVID19 in real-
world cohorts and to understand dynamics of T cell response over time.

Abbreviations
aCD20
anti-CD20 treated
COVID-19
Coronavirus disease 2019
MS
Multiple sclerosis
PBMCs
peripheral blood mononuclear cells
PVND50
Pseudovirus Neutralizing dose 50
SARS-CoV-2
Severe acute respiratory syndrome coronavirus 2
SD
Standard deviation
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Figure 1

Anti-SARS-CoV-2-spike titer correlates with B-cell repopulation. a) anti-SARS-CoV-2-spike titers were lower
in anti-CD20 (aCD20) treated MS patients compared to healthy controls (HC). b, c) Correlation of anti-
SARS-CoV-2-Spike titers with CD19+ B cell frequencies, showing strong correlation in aCD20 treated MS
patients. d, e) The age of anti-CD20 treated MS patients and HC did not correlate with anti-SARS-CoV-2-
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Spike titer. Data were analyzed with non-parametric, two-tailed Mann-Whitney test (a) or non-parametric,
two-tailed, Spearman-correlation (b-d). n=36 aCD20, n=10 HC. **** p<0.0001.

Figure 2

Neutralization of WT and Delta variant in vitro. a) Neutralization of SARS-CoV-2 pseudoviruses WT and b)
Delta following 18 h of incubation. Shown is luciferase reporter activity, indicating 50% inhibition
(PVND50). c, d) Correlation of anti-SARS-CoV-2 spike and neutralization capacity. Data were analyzed
with non-parametric, two-tailed Mann-Whitney test (a, b) or non-parametric, two-tailed Spearman-
correlation (c, d). n=36 aCD20, n=10 HC (a), n=8 HC (b). **P < 0.01; ****P < 0.0001.
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Figure 3

Flow cytometry analysis of T cell populations. PBMCs were stimulated with SARS-CoV-2 peptide pool. a)
Higher frequencies of CD3+ T cells and b) CD4+ T helper cells in aCD20 treated MS patients compared to
HC. c) CD8+ T cells did not differ. Data were analyzed with non-parametric, two-tailed Mann-Whitney test.
n=36 aCD20, n=10 HC. ****P < 0.0001.
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Figure 4

aCD20 treated patients express stronger response of CD4+IFN-γ+ (Th1) and CD4+IL-4+ (Th2) T helper
cells. a) Frequencies of CD4+ T cells expressing IFN-γ were signi�cantly higher in aCD20 treated patients
than in HC. b) The expression of IL-2 or IFN-γ and IL-2 in aCD20 treated patients did not deviate from
those of HC. c) Higher frequencies of IL-4 expressing CD4+ T helper cells in aCD20 compared to HC. Data
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were analyzed with non-parametric, two-tailed Mann-Whitney test. n=36 aCD20, n=10 HC. **P < 0.01;
****P < 0.0001.

Figure 5

aCD20 treated patients express stronger response of CD8+IFN-γ+ and CD8+IFN-γ+IL-2+ cytotoxic T cells.
a) aCD20 treated patients show signi�cantly higher IFN-γ expression in cytotoxic t cell population than
HC. b) Frequencies of IL-2 expressing cytotoxic T cells in aCD20 treated MS patients did not differ from
HC. c) IFN-γ and IL-2 double positive cytotoxic T cells showed a signi�cantly higher abundance in aCD20
treated MS patients. Data were analyzed with non-parametric, two-tailed Mann-Whitney test. n=36 aCD20,
n=10 HC. ****P < 0.0001.
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