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CD19+ B cell values predict the increase of anti-SARS CoV2 antibodies in fingolimod-treated and | st |
COVID-19-vaccinated patients with multiple sclerosis

ARTICLE INFO ABSTRACT

Kemor& ) Background: Treatment with fingolimod for multiple sclerosis (MS) reduces the efficacy of COVID-19 vaccina-
yultul:o}e s(cilerosm tion. The aim of this exploratory study was to evaluate whether main lymphocyte subsets and demographic
1ngolimos

features correlated to the subsequent increase in anti-SARS-CoV2 antibodies following the third dose of COVID-

COVID-19 vaccination e e . :
19 vaccination in fingolimod-treated MS patients.

B lymphocytes
ant}iI-SiRS-Z]()VZ antibodies Methods: This was a prospective single-center observational exploratory study including a subgroup of adult
patients with MS (pwMS) in treatment with fingolimod who underwent COVID-19 vaccination. The association
of anti-SARS-CoV2 antibody levels (reported as the Log10 of the difference between the post and pre third dose
levels) with the total number and percentage of CD3+ T and CD19+ B was assessed by a linear regression model
adjusted for age and sex.

Results: We found that peripheral blood CD19+ B lymphocytes before the third dose of vaccination in pwMS
treated with fingolimod predict the subsequent increase of anti-SARS-CoV2 antibodies.

Conclusion: This work suggests that evaluating the percentage of CD19+ B cells may be important to identify

patients at risk of not producing SARS-CoV-2 antibodies, with possible reduced protection from COVID-19.

1. Introduction

Coronavirus disease 2019 (COVID-19) vaccination is less effective in
patients with multiple sclerosis (MS) treated with fingolimod, as eval-
uated through antibody response, T-cell specific responses and risk of
developing breakthrough COVID-19. Even after the third dose of COVID-
19 vaccine, only a fraction of patients treated with fingolimod develop
an antibody response, whose mean levels are lower compared to un-
treated subjects (Achiron et al., 2022). The reason of the lower response
to COVID-19 vaccine is only partially explained by the mechanism of
action of fingolimod, a functional antagonist of the
sphingosine-1-phospgate receptors, which causes a decrease of circu-
lating T- and B- lymphocytes due to impaired recirculation. Total lym-
phopenia is the only factor which has been associated to impaired
humoral response to COVID-19 vaccination in patients treated with
fingolimod (Achiron et al., 2022). The objective of the present study was
to ascertain whether the numbers and proportion of circulating main
lymphocyte subsets predict the antibody response to COVID-19 vacci-
nation in MS patients treated with fingolimod.

2. Methods
2.1. Patients

This is a prospective single-center observational exploratory study
including a subgroup of adult patients with MS (pwMS) in treatment
with fingolimod just enrolled for COVID-19 vaccine in MS (CovaXiMS)

study. All of them underwent COVID-19 vaccination and were willing to
provide blood samples for assessment of antibody levels and for the

https://doi.org/10.1016/j.msard.2022.104494

evaluation of immunological status before and after the three vaccina-
tion doses. Additional details about inclusion criteria are available
elsewhere (Sormani et al., 2021). All participants signed written
informed consent before starting any study procedures. The study was
conducted in accordance with all national regulations and with princi-
ples of the Declaration of Helsinki and the protocol was approved by the
regional ethic committee (CER Liguria: 5/2021 - DB id 11,169-
21/01/2021) and at national level by AIFA/Spallanzani (Parere n 351,
2020/21).

2.2. SARS CoV2 antibodies

Levels of anti-SARS-CoV-2 antibodies were measured within one
month before the first dose of vaccine, one month after the second dose
and within one month before and one month after the third dose, by a
centralized laboratory with a double-antigen sandwich-based electro-
chemiluminescence immunoassay (ECLIA), using a commercial kit
(Elecsys, Anti-SARS-CoV-2 S, Roche Diagnostics).

2.3. Lymphocyte subsets
Total number and percentage of CD3+ T lymphocytes and CD19+ B
lymphocytes were measured through clinical immune profiling at the

IRCCS Ospedale Policlinico San Martino before the third dose of COVID-
19 vaccination.

2.4. Statistical analysis

According to previous literature, the distribution of antibody levels
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was normalized by a Log10 transformation.

A linear regression model was used to identify the association be-
tween antibody levels and lymphocytes (total number and percentage of
CD3+ T and CD19+ B), after having adjusted for age and sex. The effect
on the antibody levels and of all the relevant covariates was reported as
a geometric mean, that represents the multiplicative factor for the
reference level of the considered covariate.

Differences in antibody levels between two group was assessed by
Mann-Whitney U Test.

3. Results

From January 2021 until April 2021, 20 adult pwMS on fingolimod
(15 females/5 males) with a mean age of 49.3 + 10.41 years were
enrolled for the study. Fourteen (70.0%) had relapsing-remitting MS,
median EDSS was 3.5 (IQR: 1.8 — 4.8), mean disease duration was 15.2
+ 11.38 years, and 75.0% had already been treated with different DMTs
before fingolimod.

The factors associated to antibody levels after the third vaccination
dose were the age (with a 2.46-fold decrease every 10 years of age, p =
0.003) and CD19+ lymphocytes (with a 1.21-fold increase every per-
centage point increase, p = 0.010) (Table 1, Fig. 1).

Patients with normal values for percentage of CD19+ lymphocytes
(laboratory normal range: 6-25) showed higher gain in antibody levels
after the third vaccine dose (median change: 1229.6 BAU/ml; IQR:
1005.4 - 2325.8) compared to patients with lower values (< 6) of
CD19+ lymphocytes (median change: 409.0 BAU/ml; IQR: 91.0 - 680.2)
(p = 0.025) (Fig. 2). The median normal value for the percentage of
CD19+ lymphocytes was 11.0% (ranging from 7% to 20%), whereas the
median lower value was 3.0% (ranging from 0.9% to 5.0%).

4. Discussion
The results of this exploratory study suggest that the number and

proportion of peripheral blood CD19+ B lymphocytes before the third
dose of COVID-19 vaccination, in patients treated with fingolimod,

Table 1
Factors associated to antibody levels, after the third vaccination dose.
Parameter Univariate Multivariate
Beta P Beta Geometric P
coefficients coefficients mean *
(SE); (SE) (95%CI)
Age (10 years) —0.359 0.021 —0.392 0.406 0.003
(0.156) (0.133) (0.223 -
0.738)

Sex, females vs 0.214 0.62 0.043 1.104 0.91

males (0.432) (0.358) (0.219 -
5.559)

CD19+ 0.005 0.043
lymphocytes (0.003)

(absolute
number/
mm3)

CD19+ 0.081 0.024  0.084 1.213 0.010
lymphocytes (0.036) (0.033) (1.047 -
(percentage) 1.406)

CD3+ T 0.001 0.38
lymphocytes (0.001)

(absolute
number/
mm3)

CD3+ T —0.003 0.74 —0.004 0.991 0.63
lymphocytes (0.010) (0.008) (0.957 -
(percentage) 1.028)

Due to collinearity between absolute and percentage values for each class of
lymphocytes, only percentage values (that, in case of CD19+ B lymphocytes
performs better in univariate, R?=0.20) were included in the multivariate
model.
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predict the subsequent increase of anti-SARS-CoV2 antibodies.

Low or undetectable levels of specific antibodies after COVID-19
vaccination are a concern, since, as we have previously reported,
every 10x increase in the antibody concentration reduces by 49% the
risk of breakthrough COVID-19 (Sormani et al., 2022). Achiron and
colleagues observed a lower rate of seroconversion following the third
dose of COVID-19 vaccination in patients who continued fingolimod
compared to those who suspended and received the third dose after the
total number of lymphocytes was 1000/mm3 (Achiron et al., 2022). A
previous study by others did not find correlations between lymphocyte
subsets and seroconversion after vaccination in patients treated with
modulators of the sphingosine-1-receptor, likely due to the low number
of enrolled patients (N = 7) (Sabatino et al., 2022).

In this cohort, total number of lymphocytes, or T lymphocytes did
not correlate with changes in the antibody levels. This may be at least in
part surprising, since previous work in the animal model has suggested
that fingolimod affects production of antibodies in a T-cell dependent
fashion (Han et al., 2004). On the contrary, we found that the number
and proportion of CD19+ B cells were associated to the increase of
specific antibodies following the third dose of vaccine. Besides the
number of CD19+ B cells, higher age was associated to lower develop-
ment of antibodies, confirming that senescence of the immune system is
linked to impaired response to vaccination. Similarly, CD19+ levels and
age, together with IgM levels, were recently reported to predict the
humoral response to anti-SARS-CoV2 vaccination in patients with he-
matological malignancies (Okamoto et al., 2022).

This study has some limitations: first of all, the low number of
enrolled subjects, secondly the fact that immune cell subsets before the
first dose of vaccine were not available. For all investigated correlations,
nominal p-values were reported, being this is an exploratory analysis not
powered for a specific hypothesis (Althouse, 2016; Perneger, 1998;
Rothman, 1990). Therefore, future studies (preferably involving larger
samples) are necessary to corroborate our results. If confirmed, these
results suggest that assessing the percentage of CD19+ B cells in
fingolimod-treated patients may be useful for identifying patients at
higher risk of responding poorly to COVID-19 vaccination.
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Fig. 1. Correlation between level of CD19+ lymphocytes (1A: percentage; 1B: absolute number) and antibody level after the third vaccination dose. Antibody levels

are expressed as Log (value + 1).
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