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ABSTRACT

Multiple sclerosis (MS) is an immune-mediated
disease of the central nervous system, charac-
terized by chronic, inflammatory, demyelinat-
ing, and neurodegenerative processes. MS
management relies on disease-modifying drugs
that suppress/modulate the immune system.
Cladribine tablets (CladT) have been approved
by different health authorities for patients with
various forms of relapsing MS. The drug has
been demonstrated to deplete CD4? and CD8?

T-cells, with a higher effect described in the
former, and to decrease total CD19?, CD20?,
and naive B-cell counts. COVID-19 is expected
to become endemic, suggesting its potential
infection risk for immuno-compromised
patients, including MS patients treated with
disease-modifying drugs. We report here the
available data on disease-modifying drug-

treated-MS patients and COVID-19 infection
and vaccination, with a focus on CladT. MS
patients treated with CladT are not at higher
risk of developing severe COVID-19. While anti-
SARS-CoV-2 vaccination is recommended in all
MS patients with guidelines addressing vacci-
nation timing according to the different dis-
ease-modifying drugs, no vaccination timing
restrictions seem to be necessary for cladribine,
based on its mechanism of action and available
evidence. Published data suggest that CladT
treatment does not impact the production of
anti-SARS-CoV-2 antibodies after COVID-19
vaccination, possibly due to its relative sparing
effect on naı̈ve B-cells and the rapid B-cell
reconstitution following treatment. Slightly
lower specific T-cell responses are likely not
impacting the risk of breakthrough COVID-19.
It could be stated that cladribine’s transient
effect on innate immune cells likely contributes
to maintaining an adequate first line of defense
against the SARS-CoV-2 virus.
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Key Summary Points

Patients with multiple sclerosis (MS)
treated with cladribine tablets (CladT) are
not at higher risk of developing severe
COVID-19.

CladT treatment does not impact the
production of anti-SARS-CoV-2 antibodies
after COVID-19 vaccination.

CladT treatment does not increase the risk
of breakthrough COVID-19 infection.

CladT’s transient effect on innate immune
cells likely contributes to maintaining an
adequate first line of defense against the
SARS-CoV-2 virus.

INTRODUCTION

Multiple sclerosis (MS) is an immune-mediated
disease of the central nervous system (CNS),
characterized by chronic, inflammatory,
demyelinating, and neurodegenerative pro-
cesses [1].

Cladribine [2-chlorodeoxyadenosine (2-
CdA)] is a synthetic chlorinated deox-
yadenosine analog which is biologically active
in selected cell types and provides targeted and
sustained reduction of circulating T- and
B-lymphocytes implicated in the pathogenesis
of MS. Cladribine tablets (CladT) have been
approved by different health authorities for
patients with various forms of relapsing MS [2].
A series of sequential phosphorylation steps, led
by deoxycytidine kinase (dCK), generate the
2-CdA active triphosphate (2-CdATP) com-
pound that interferes with DNA synthesis lead-
ing to cell death through apoptosis [3, 4].
2-CdATP accumulation is prevented by 50-
deoxynucleotidases (50-NT) enzymes. The pref-
erential action of cladribine on lymphocytes
compared to other cell types is related to their
high intracellular dCK/50-NT ratio, causing
accumulation of 2-CdATP [4]. Activated T- and

B-cells are susceptible to cladribine-induced
apoptosis due to enhanced dCK expression and
kinase activity [5]. Considering T-cells, cladrib-
ine treatment depletes both CD4? and CD8?

T-cells, with a higher effect described in the
former [6], and naı̈ve CD4?cells and memory
CD4? T-cells, that are maximally depleted at
13–24 weeks from the first CladT administration
[7].

An even more significant effect of drug
treatment is observed on peripheral B-cells,
which decrease rapidly upon treatment, with a
nadir observed at week 13 from the beginning
of the treatment [8, 9].

Thereafter, total CD19?, CD20?, and naive
B-cell counts were subsequently reconstituted,
but memory B-cells remained reduced by
93–87% over 12 months after the first course of
CladT [10]. These cells are the main target of
Epstein–Barr virus (EBV) infection and they are
necessary for its replication [11]. EBV has been
indicated to have a causal role in MS [12].
However, no studies have investigated the
impact of CladT on EBV-infected memory B
cells [13].

The decrease in plasmablasts was slower,
reaching a nadir at month 3; similarly, short-
lived CD38? plasma cells reached their nadir at
month 3. Immunoglobulin (Ig)G and IgM levels
remained within the normal range over the
12-month study period, suggesting that long-
lived, CD138? plasma cells were not affected by
CladT treatment, albeit this has not been pro-
ven [10]. These effects on IgG and IgM were also
confirmed by Moser et al. who demonstrated
that no reduction in antibody levels against
measles, mumps, rubella, varicella-zoster (VZV),
hepatitis B, diphtheria toxin, and tetanus toxin
was associated with CladT treatment [14].

The pronounced effect on memory B-cells in
the first 2 months after CladT treatment, the
reduction in memory B-cells over the
12 months, and the moderate decrease of dif-
ferent T-cell subtypes may contribute to
cladribine effects [15]. Depletion of other innate
immune cells has been observed, although to a
lesser extent. Indeed, treatment with CladT
transiently decreases natural killer (NK) cells [8]
and dampens the pro-inflammatory and
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phagocytic function of activated macrophages
[16].

The effect of cladribine on immune cells is
associated with a reduction of peripheral blood
levels of pro-inflammatory cytokines and
chemokines expression of adhesion molecules
and reduced migration of mononuclear cells
[6, 17].

Despite the overall effect of cladribine on the
immune system, the risk of infections upon
treatment is not increased, except for VZV
infection [17]. The safety of cladribine has been
confirmed even further during the COVID-19
pandemic [18].

Here, we discuss the evidence gathered since
2020 on the impact of cladribine treatment on
COVID-19 risk and severity, and the efficacy of
anti-COVID-19 vaccination in CladT-treated
patients with MS.

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

MULTIPLE SCLEROSIS AND
COVID-19 INFECTION

Immunological Response to COVID-19
Infection

The coronavirus disease 19 (COVID-19) is
caused by the severe acute respiratory coron-
avirus-2 (SARS-CoV-2) infection. The virus is an
RNA virus whose envelope Spike (S)-protein
plays a key role in the inhibition and trans-
mission of the COVID-19 infection, as it medi-
ates the adhesion of the virus to the
angiotensin-converting enzyme-related car-
boxypeptidase 2 expressed on type II pneumo-
cytes of the human lung [19]. Infection of type
II pneumocytes induces a local inflammatory
response by releasing several cytokines and
chemokines that foster the recruitment of cir-
culating leukocytes [20, 21]. COVID-19 stimu-
lates innate immune responses and cellular

immunity, with specific cytotoxic T-cells
against the virus and B-cells with the produc-
tion of neutralizing antibodies [20–22]. The
clinical course of COVID-19 is highly variable
among affected unvaccinated subjects, with up
to one-third having an asymptomatic course
[23] and about one out of ten affected subjects
developing severe, life-threatening bilateral
pneumonia, a hyper-inflammatory state with
possible sepsis, and disseminated intravascular
coagulation with multi-organ failures [24, 25].
Higher risk for severe/fatal COVID-19 includes
older age, obesity [26], and comorbidities such
as diabetes, chronic kidney disease, and cardio-
vascular disease [27].

Immune response to SARS-CoV-2 involves
both innate and adaptive immunity. Mecha-
nisms of innate immune response include
secretion of type I interferon (IFN) molecules by
infected cells, activation of toll-like receptors on
innate cells, and killing (through apoptosis) of
infected cells by NK cells [28]. In the adaptive
compartment, T- and B-cells mediate immunity
against SARS-CoV-2. Among T-cells, both CD4?

and CD8? cells respond to the Spike protein
[29]; T-cell responses correlate with B-cell
responses, as measured by the production of
specific antibodies [30]. Neutralizing antibodies,
especially the ones against the anti-receptor
binding domain (anti-RBD), have been shown
to have a role in the primary clearance of the
virus [20]. Still, they are not strictly essential for
the recovery from COVID-19 infection [21, 31].
The severe course of COVID-19 is associated
with early suppression, delayed and prolonged
production of type I IFN [32, 33] depression of
NK cell function, and T- and B- cell lymphope-
nia [25, 34].

Evidence suggests that B-cell and antibody
production have a role in preventing re-infec-
tion in both previously infected and vaccinated
subjects [35, 36]. Patients experiencing mild-to-
moderate COVID-19 have CD4? and CD8? cell
activation and higher numbers of antibody-
producing cells; such effects are even more
pronounced in patients with severe COVID-19
[29, 37, 38]. The above data support the critical
role of both T- and B-cells in the control and
resolution of COVID-19.
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COVID-19 Infection in MS Patients
Treated with Disease-Modifying Drugs

It is well known that infections in general carry
a higher risk of worse outcome in people with
MS [39, 40]. In the first year of the SARS-CoV-2
pandemic, after the first case series were pub-
lished (reviewed in [41]), two studies investi-
gated the severity of COVID-19 in MS patients
in the French and Italian populations, respec-
tively [42, 43]. In the French cohort enrolling
347 MS patients, no disease-modifying therapy
carried an increased risk of severe COVID-19.
Only three patients were being treated with
CladT, preventing any conclusions on the risk
of such treatment on COVID-19 severity. The
larger Italian cohort enrolled 844 MS patients
with suspected/confirmed COVID-19, finding
that patients treated with anti-CD20 mono-
clonal antibodies disease-modifying drugs
(ocrelizumab/rituximab) had 2.4-fold increased
risk for developing severe COVID-19 compared
to untreated patients. None of the 11 patients
treated with CladT in the Italian cohort devel-
oped severe disease, although the small sample
size did not allow to obtain specific results in
the multivariate analysis [43]. These results were
also confirmed in another study where only 2
out of the 27 patients treated with CladT were
hospitalized, but none of them were admitted
to intensive care nor needed ventilation [44].
Detailed clinical outcome was available for 700
patients [44]; the severe and fatal cases mainly
occurred in untreated patients but with previ-
ous cardiovascular disease and severe disability.
Of the 27 patients treated with CladT, 19 had
mild symptoms, and 6 were hospitalized but did
not need ventilatory support; none experienced
severe or fatal COVID-19 disease. A retrospec-
tive study that reviewed 873 published cases of
MS patients with SARS-CoV-2 infection con-
firmed this result [45]. In a more recent
case–control study from the Italian MS registry,
779 MS patients with confirmed COVID-19
were compared with matched 1558 MS patients
without COVID-19 to investigate factors asso-
ciated with the risk of getting COVID-19 [46].
The severity of COVID-19 clinical manifestation
was associated to increased age, disability, and
progressive MS. In this analysis [46], patients

treated with CladT were 21 (2.7% of the total
patients) COVID-19-positive and 25 (1.6% of
the total patients) COVID-19-negative, no
increased risk was reported in CladT treated
patients as 19 of them showed mild symptoms,
2 showed moderate ones, and none had severe
COVID-19.

Twice as much risk of developing severe
COVID-19 was reported in MS patients com-
pared to age- and sex-matched populations in a
study aimed at investigating the COVID-19
outcomes in MS patients compared to non-MS
patients in Italy [47]. However, in MS patients
with Expanded Disability Status Scale score
(EDSS) B 3.0 and lacking co-morbidities, the risk
of severe COVID-19 was similar to that of the
matched population. Interestingly, in this latter
group, only patients treated with anti-CD20
monoclonal antibodies had an increased risk of
hospitalization.

The observation that CladT treatment does
not lead to increased susceptibility to SARS-
CoV-2 infection nor a more severe COVID-19
clinical course was confirmed by single-center
case series, in which CladT-treated patients
developed mild COVID-19 symptoms and
mounted an adequate response in most cases
[48–52].

Data extracted from the Merck Kga Global
Patients Safety Database included 261 patients
with confirmed (n = 160) and suspected
(n = 101) COVID-19, and showed that the
median time to COVID-19 occurrence was
162 days (i.e., about 5 months) from the most
recent CladT treatment [53]. While 51% of
these patients recovered, 7% did not recover (at
the time of observation), 0.4% died, and 41%
were not reported/missing/pending. In this
cohort of patients, 15% experienced severe
COVID-19 [53]. Such a rate is lower than the
mean rate of severe COVID-19 (20.7%) in MS
patients reported in the systematic review from
Barzegar et al. [54].

A recent meta-analysis, focused on COVID-
19 severity among MS patients, pooled data
from 13 case series, including 5138 patients
with COVID-19, of whom 107 (2.1%) were
treated with CladT [55]. Pooled estimates of
hospitalization and death were 9.36% and 0%,
respectively, for patients treated with CladT,
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and 14.98% and 2.66% for MS patients under
other treatments [55]. Table 1 summarizes the
outcome of COVID-19 infection in CladT-trea-
ted MS patients.

EFFICACY OF ANTI-COVID-19
VACCINATION IN MULTIPLE
SCLEROSIS

Vaccination against SARS-CoV-2 is a funda-
mental tool to control the COVID-19 pandemic
[56], as confirmed by real-world evidence [57].
The safety of anti-COVID-19 vaccination in the
MS population has been confirmed by different
case series [58, 59].

Antibody Response

Different studies have evaluated antibody
response to vaccination as a biomarker of effi-
cacy. One of the first real-world data series on
the ability of MS patients to mount a protective
humoral response after the mRNA vaccine
BNT62b2-COVID-19 was reported by Achiron
et al. [60]. The authors evaluated SARS-CoV-2
antibodies in vaccinated healthy subjects (HS),
untreated MS patients, and MS patients treated
with disease-modifying drugs, and found that
untreated MS patients, as well as MS patients
treated with CladT (n = 23), developed an anti-
body response comparable to that of HS. In
contrast, patients treated with fingolimod and
anti-CD20 drugs produced lower levels of anti-
bodies after vaccination [57]. Low numbers of
circulating B lymphocytes is likely the cause of
lower antibody response to COVID-19 in both
ocrelizumab-treated [61] and fingolimod-trea-
ted patients [62].

The same data on the effect of disease-mod-
ifying drugs on the antibody responses emerged
from other large cohorts. As for cladribine, in
the Italian cohort, 25 treated patients respon-
ded to the vaccination by producing anti-SARS-
CoV-2 antibodies [63]. Moreover, in a cohort
from the United Kingdom, 16/20 (80%) subjects
treated with CladT developed a serological
response to SARS-CoV2 after anti-COVID-19
vaccination. The proportion of responders did
not differ compared to untreated MS patients
[64]. Serological response to two doses of anti-
COVID-19 vaccine (BT162b2) in 67 MS patients,
including untreated patients (n = 15), patients
treated with IFN b-1a (n = 18), and patients
treated with CladT (n = 34), was evaluated using

Table 1 Outcome of COVID-19 in cladribine-treated
patients

n� COVID-19
patients treated
with Cladribine

No. of patients (%)
with COVID-19
clinical
manifestations
severity

References

3 3 (100%): not

severe/fatal

[42]

11 11 (100%): not

hospitalized

[43]

27 2 (7.4%):

hospitalized;

0 (0%): ICU;

0 (0%): ventilation;

0 (0%): death

[44]

25 19 (76%): not

hospitalized/mild

symptoms; 6

(24%): hospitalized,

not ventilated;

0 (0%): ventilated;

0 (0%): death

[45]

21 19 (90.5%): mild

symptoms;

2 (9.5%): moderate,

no severe/fatal

[46]

2 2 (100%): mild/self-

limiting

[48]

2 2 (100%): mild/

asymptomatic

[50]

ICU intensive care unit
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two different assays [65]. All patients treated
with CladT developed a serological response to
the vaccine, similar to untreated and IFN-b-
treated patients, and with comparable Ig levels
in the three groups. In addition, no correlation
was found between SARS-CoV-2 Ig levels and
the total lymphocyte count in CladT-treated
patients at vaccination, which occurred 12–-
120 weeks from the last drug dose. Normal
antibody response to anti-COVID-19 vaccina-
tion was reported by several other studies
[66, 67]. In an Italian study, all patients treated
with CladT developed antibodies following
vaccination, although anti-RBD titers were
lower compared to healthy subjects [68]. Fur-
thermore, 4/4 CladT-treated MS patients vacci-
nated with BNT162b2 Pfizer-BioNTech and 3/7
CladT-treated patients vaccinated with Beijing/
Sinopharm BBIBP-CorV COVID-19 vaccines
developed IgG antibodies upon vaccination
[69]. Booster doses increased RBD-IgG titers in
three CladT-treated MS patients [70].

Of note, neither timing of last treatment nor
low lymphocyte counts at vaccination damp-
ened the response to COVID-19 vaccination in
38 CladT-treated patients [71].

Data on antibody response to COVID-19
vaccination are summarized in Table 2.

T-Cell Response

Specific T-cell responses induced by vaccina-
tions likely contribute to their effectiveness,
although data on breakthrough infections, dis-
cussed in the next paragraph, suggest that
antibody responses are a better biomarker of
vaccine efficacy. Data on treated MS patients
show that T-cell responses to COVID-19 vacci-
nation are mostly retained in ocrelizumab-
treated patients [58], whereas they are largely
impaired during treatment with fingolimod
[69].

Regarding cladribine, 70% of 20 treated
patients mounted T-cell responses after vacci-
nation, a high, but significantly lower, response
rate compared to 78/78 (100%) of healthy sub-
jects [68]. In another cohort, one patient treated
with CladT developed T-cell responses [72],

Data on T- cell responses after COVID-19 in
CladT-treated patients are reported in Table 2.
Figure 1 shows how the action of different dis-
ease-modifying therapies on B- and T-cell pop-
ulations affects the immune response mounted
after vaccination against the SARS-CoV-2 virus.

Risk of Breakthrough Infection

Different data are available on the effectiveness
of vaccines in preventing COVID-19 infection
in MS patients. The risk of a breakthrough
infection was higher in MS patients treated with
ocrelizumab and fingolimod [43], and this cor-
related with antibody levels [63], while no sig-
nificant changes could be observed in patients
treated with other DMDs, including CladT
[73, 74]. Recently, Sormani et al. [74] reported a
4.5% cumulative incidence of COVID-19
breakthrough infection in an 8-month follow-
up period in a cohort of 1705 MS patients
receiving two mRNA vaccine doses. Of note, the
rates of breakthrough infections in treated MS
patients were associated with the level of
humoral immunity to SARS-CoV-2. Data from a
retrospective monocentric cohort of 254 MS
patients in treatment with DMDs showed that
the longer duration of anti-CD20 therapy and
the decrease in CD20 cell counts were associ-
ated not only with blunted humoral response to
vaccination but also with the breakthrough
COVID-19 infection that was higher than in
other/general population studies [75]. A sum-
mary of COVID-19 vaccination on antibody
responses, T-cell responses, and breakthrough
infection in CladT-treated MS patients is pro-
vided in Table 2.

CONCLUDING REMARKS

COVID-19 is expected to become endemic,
suggesting its potential seasonal infection risk
for immuno-compromised patients, including
MS patients. MS patients treated with CladT are
not at higher risk of developing severe COVID-
19 [55]. The vaccination against COVID-19 is
recommended for all MS patients. Advice for
vaccination and guidelines addressing vaccina-
tion timing according to the different disease-
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modifying drugs taken by the patients have
been published by National and International
MS societies [76, 77]. COVID-19 vaccination
should administered in all CladT-treated
patients [78, 79], as it is safe and effective, likely
due to the relative sparing of naı̈ve B-cells by
cladribine and by the rapid reconstitution of
B-cells after drug treatment [80, 81].

As additional elements, the transient effect
of cladribine on innate immune cells [7] likely
contributes to maintaining an adequate first
line of defense against SARS-CoV-2 [6, 16].

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.
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