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A B S T R A C T   

Background: The Coronavirus 19 pandemic has raised new relevant questions regarding the management of 
patients with multiple sclerosis (pwMS) treated with different immunosuppressive and immunomodulant drugs. 
In most COVID-19 outcomes analyses, due to the small available sample size, patients treated with cladribine 
were grouped with patients treated with other treatments. 
Methods: Three major databases (PubMed, Scopus and Web of Science) and the most recent MS congress libraries 
were searched for extracting original articles on COVID-19 and multiple sclerosis. The key inclusion criteria were 
the presence of data on pwMS treated with cladribine and with documented positivity for COVID-19. The quality 
of the included studies was evaluated using a modified version of the Dutch Cochrane center critical review 
checklist proposed by MOOSE. A common-effect meta-analysis was used for estimating the pooled proportion of 
patients with severe events (hospitalizations, pneumonia, ICU admissions and deaths) and heterogeneity was 
assessed by the I2 statistic. 
Results: 13 articles were included in the analysis and the median quality of the articles reached a level of 4. The 
selected studies included 5138 patients with COVID-19, of whom 107 (2.1%) were treated with cladribine. 
Pooled estimates of hospitalization and death were 9.36% and 0% for patients treated with cladribine, 14.98% 
and 2.66% for pwMS under other treatments. 
Conclusion: These results indicate that pwMS treated with cladribine are not at a greater risk of developing a 
severe form of COVID-19. 
Registration: The protocol was registered with the International Prospective Register of Systematic Reviews 
(PROSPERO: CRD42022329464),   

1. Introduction 

The coronavirus disease 2019 (COVID-19), due to its significant and 
unpredictable long-lasting impact on public health, has raised relevant 
questions regarding the infection risk in vulnerable patients and the 
management of subjects treated with immunotherapies (Iaffaldano 
et al., 2022). In fact, immunosuppressive conditions, whether it is 
induced by immunological disorders or by medications, may alter 
immunocompetence modifying the ability to mount an effective im
mune response to infection and/or vaccination (Agrati et al., 2021). 

Multiple sclerosis (MS), a chronic demyelinating disorder of the 
central nervous system (CNS), involves immune response abnormalities 
and is often treated with disease modifying therapies (DMTs), causing 

different degrees of systemic immunosuppression. For these reasons, 
patients with MS (pwMS) might be exposed to an increased risk of 
COVID-19 severe complications (Capasso et al., 2020; Sharifian-Dorche 
et al., 2021) and so they are considered as fragile subjects. Taking into 
account the infection contagiousness and the hospital promiscuity dur
ing the first wave of COVID-19 pandemic, also the disease management, 
from therapeutic strategies to scheduling routine clinical follow-up and 
rehabilitation plans, has undergone to a considerable change (Shar
ifian-Dorche et al., 2021). 

At the beginning of COVID-19 spread, different empirical recom
mendations were developed by scientific societies for assisting the 
neurologists in the management of pwMS and indicating either to delay 
or to continue treatments, depending on their mechanisms of action, the 
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impact, and the effects duration on the immune-system (Laroni et al., 
2021). These national and international guidelines were initially more 
precautionary, subsequently the first evidence became available allow
ing a better evaluation of the DMTs safety profile and an update of the 
different scientific societies’ positions. 

So far, different evidence has been published regarding the evalua
tion of the impact of DMTs on the severity of COVID-19 in pwMS. They 
are largely reassuring but they have also suggested that MS therapies 
may be related to a different severity of COVID-19 infection (Laroni 

et al., 2021; Sormani et al., 2021; Salter et al., 2021; Simpson-Yap et al., 
2021) and have consistently correlated risk factors as male sex, an older 
age, the presence of comorbidities, and higher disability to a more se
vere disease outcome (Sormani et al., 2021; Salter et al., 2021; Louapre 
et al., 2020). 

Cladribine tablets, counted among immune cell depleting medica
tions, is a purine chlorinated analog of deoxyadenosine that acts through 
the transient depletion of lymphocytes followed by immune reconsti
tution phase. As a semi-selective therapy, its effects are more 

Fig. 1. Flow diagram for study selection.  
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pronounced on the adaptive immune response, impacting most specific 
B subsets than T cells, while its impact on the innate immune system is 
limited (Amor et al., 2020; Zheng et al., 2020). 

In most COVID-19 outcomes analysis, due to the small available 
sample size, patients treated with cladribine were grouped with patients 
treated with other treatments, often in the “other DMT” group (Sormani 
et al., 2021; Salter et al., 2021; Louapre et al.; 2020; Dalla Costa et al., 
2020; Mantero et al., 2020), and therefore it is not possible to derive 
results specifically related to patients treated with cladribine. . 

We conducted here a meta-analysis for estimating the severity of 
COVID-19 events, evaluated as mortality and hospitalization rate, 
among patients treated with cladribine. The methodology is the same 
used in another review referring to anti-CD20 drugs category (Schia
vetti et al., 2022). 

2. Methods 

2.1. Article selection 

A comprehensive online search of the literature to detect the most 
relevant studies published from 2020 to March 2022 was performed in 
Scopus, Web of Science, PubMed and among the abstracts presented at 
the 2020 and 2021 ECTRIMS meeting and the most relevant congresses 
held before March 2022. 

The search strategy consisted of a combination of terms and 

keywords as follows: for PubMed Database: (MS) OR (Multiple Sclerosis) 
AND (COVID-19 OR Coronavirus OR SARS-CoV-2 OR Covid) AND (cla
dribine); for Scopus Database: (TITLE-ABS-KEY (coronavirus OR covid OR 
COVID-19 OR sars-cov-2) AND TITLE-ABS-KEY (cladribine) AND TITLE- 
ABS-KEY (ms OR multiple AND sclerosis)); for Web of Science: MS or 
multiple sclerosis (All Fields) and cladribine (All Fields) and Covid or 
coronavirus or COVID-19 or SARS-CoV-2 (All Fields). 

The systematic review included articles reporting data on COVID-19 
course for pwMS treated with cladribine. However, studies were 
excluded if they were out of topic, systematic reviews and duplicated 
manuscripts among the sources, with overlapping patients. 

Eligibility assessment of the first screening was performed indepen
dently by two reviewers (AA and IS), based on title and abstract. The 
second examination was done on full text with the inclusion and 
exclusion criteria reported above by both reviewers (AA and IS), inde
pendently. Disagreements between the reviewers were resolved by 
double-checking and discussion to achieve a consensus. 

The following data were extracted from the identified studies: au
thors, title, country, sample size, number of males/females, mean age 
with range, number of patients with progressive MS, number of patients 
with relapsing MS, median last EDSS, mean MS duration with range, 
most recent MS treatments, number of hospitalizations (overall and for 
pwMS treated with Cladribine), number of patients admitted to the ICU, 
number of patients with pneumonia, number of deaths (overall and for 
pwMS treated with Cladribine). In case of missing data, an email was 

Table 1 
List of included studies.  

Nr First author Title Journal Year 

01 Louapre C. Clinical Characteristics and Outcomes in Patients with Coronavirus Disease 2019 and Multiple Sclerosis JAMA Neurol. Jul,2020 
02  Oreja-Guevara C. COVID-19 in cladribine-treated patients with Multiple Sclerosis 8th Joint ACTRIMS-ECTRIMS 

Meeting 
Sep,2020 

03 Hervás-García J. 
V. 

Seroprevalence of SARS-CoV-2 in multiple sclerosis patients under immunomodulatory treatment in lleida 
(study emCOVID-19) 

Mult Scler. Dec,2020 

04 Salter A. Outcomes and Risk Factors Associated With SARS-CoV-2 Infection in a North American Registry of Patients 
with Multiple Sclerosis 

JAMA Neurol. Mar,2021 

05 Czarnowska A. Clinical course and outcome of SARS-CoV-2 infection in multiple sclerosis patients treated with disease- 
modifying therapies - the Polish experience 

Neurol Neurochir Pol. Apr,2021 

06 Sormani M. P. Disease-Modifying Therapies and Coronavirus Disease 2019 Severity in Multiple Sclerosis Annals of Neurology Jan,2021 
07 Arrambide G. SARS-CoV-2 Infection in Multiple Sclerosis: Results of the Spanish Neurology Society Registry Neurol Neuroimmunol 

Neuroinflamm. 
Jun,2021 

08  Spelman T. Increased rate of hospitalization for COVID-19 among rituximab-treated multiple sclerosis patients: A study 
of the Swedish multiple sclerosis registry 

Mult Scler. Jul,2021 

09 Drulovic J. Humoral response to SARS-CoV-2 COVID-19 vaccines in patients with multiple sclerosis treated with 
immune reconstitution therapies 

Mult Scler Relat Disord. Jul,2021 

10 Fragoso Y. D Coronavirus disease 2019 in Latin American patients with multiple sclerosis Mult Scler Relat Disord. Jul,2021 
11 Bsteh G. COVID-19 severity and mortality in multiple sclerosis are not associated with immunotherapy: Insights 

from a nation-wide Austrian registry 
Plos one Jul,2021 

12 Perez A. C. COVID-19 severity and outcome in multiple sclerosis: Results of a national, registry-based, matched cohort 
study 

Mult Scler Relat Disord. Aug,2021 

13 Yavorskaya V. Clinical Outcomes in Patients With COVID-19 During Two Phase IV Studies of Cladribine Tablets for 
Treatment of Multiple Sclerosis: 
An Update 

AAN 2022 Apr,2022  

Fig. 2. Quality score_MOOSE criteria.  
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sent to the corresponding authors asking to complete the lacking 
information. 

The review protocol was registered with PROSPERO (registration 
number: CRD42022329464). 

2.2. Quality assessment 

The quality of selected articles was evaluated by two authors ac
cording to a modified version of the Dutch Cochrane center critical re
view checklist proposed by MOOSE (Stroup, 2000). The key MOOSE 
domains include: (I) Clear definition of study population; (II) Clear 
definition of outcomes and outcomes assessment; (III) Independent 
assessment of outcome parameters; (IV) Sufficient follow-up; (V) No 
selective loss during follow-up; and (VI) Important confounders and 
prognostic factors identified. Each domain, based on published data, 
could be completed, and rated as follows: yes (1 point), no/unclear (0 
points). However, since two domains (IV and V) were considered irrel
evant for the purpose of this analysis, only four (I, II, III, VI) were 
combined in an overall reporting quality score (ranging from 0 to 4 
points). A study was defined of highest quality if all criteria were rated as 
“yes” because free from intra-study bias. 

2.3. Outcomes 

The outcomes selected for the evaluation of Covid-severity among all 
pwMS with confirmed positivity were: the number of hospitalization, 
the presence of pneumonia, the number of ICU admissions and cases of 
deaths. For the subgroup of patients in treatment with cladribine, only 
number of hospitalization and deaths were considered as clinical 
outcomes. 

2.4. Statistical analysis 

A pooled estimate of the proportion of hospitalizations, and deaths 
among pwMS was obtained by a common-effect meta-analysis with logit 
transformation. The I2 statistic (the ratio of between-study variance to 
the observed variance) was computed for quantifying heterogeneity. 

Case reports were excluded from the meta-analysis to avoid 

overestimating the rate of severe outcomes (case reports usually refer to 
severe cases). Meta-analysis was performed using R software, version 
4.1.3 (packages “metafor” and “meta”). 

3. Results 

The first literature search revealed a total of 190 publications, 76 
were excluded for potentially duplicated or overlapping data. Of the 
remaining 114, 7 were selected for the final analysis, along with 6 
retrieved out from search strategy (Fig. 1). References of 13 selected 
manuscripts (Sormani et al., 2021; Salter et al., 2021; Louapre et al., 
2020; Hervas-Garcia et al., 2020; Czarnowska et al., 2021; Arrambide 
et al., 2021; Spelman et al., 2022; Drulovic et al., 2021; Fragoso et al., 
2021; Bsteh et al., 2021; Pérez et al., 2021; Clinical Outcomes, 2022) are 
shown in Table 1. 

The median quality score of included studies was 3.0 (range 1–4) but 
considering implemented details provided by authors the value 
improved to 4.0 (range: 2–4) (Fig. 2). 

These 13 selected studies include 5138 adult pwMS with COVID-19 
infections, aged between 17 and 82 years, females for the 72%, with a 
disease duration ranging from 0 to 40 years and with relapsing remitting 
form of the disease for about 82%. Out of 5138 pwMS, 107 patients 
(2.1%) were in treatment with cladribine. The baseline characteristics 
are reported in Table 2. 

Findings from COVID-19 severity outcomes and results from the 
meta-analysis are reported in Table 3. A total of 1029 out of the 5138 
included patients were hospitalized (pooled estimate: 14.98%; 95%CI =
[10.47%; 20.97%]), and 157 died (pooled estimate: 2.66%; 95%CI =
[1.79%; 3.92%]). Among the 107 patients treated with cladribine and 
reporting COVID-19 severity outcomes, 7 were hospitalized (pooled 
estimate: 9.36%; 95%CI = [4.73%; 17.69%]) (Fig. 3A) and no deaths 
were reported (pooled estimate: 0.00%; 95%CI = [0.00%; 1.17%]) 
(Fig. 3B). 

4. Discussion 

The hospitalization rate of the overall MS population, as reported in 
the studies included in this analysis, was between 0% and 40% and the 

Table 2 
Baseline characteristics. 

Nr First Author Demography MS data   Disease Modifying Treatments   

Sample Females/ 
Males 

Age,  
yrs (range) 

Progressive/ 
RR 

Last  
EDSS 

MS duration,  
yrs(range) 

DMT  
unknown 

Untreated Cladribine Alemtuzumab Azathioprine 

01 Louapre C. 347 249/98 31.8-57.4 65/282 2.0 3.5-23.5  63 3 1 0 
02 Oreja-Guevara C. 14 9/5 28.1-52.1 1/13 1.0 0.8-18.6 0 0 14 0 0 
03 Hervás-García J. V. 19 12/7 41-67 1/18 2.0 3-24 0 0 1 1 0 
04 Salter A. 1626 1202/421 34.5-60.9 280/1275  3.2-23  237 14 9  
05 Czarnowska A. 396 282/114 18-68 24/372 2.0 0-33  0 5 1 0 
06 Sormani M. P. 844 593/251 18-82 135/676 2.0 4.7-17.1  151 11 14 10 
07 Arrambide G. 326 221/105 33.3-56.3 63/263 2.0 3-19  59 6 18 0 
08 Spelman T. 476 340/136 19–78 67/407 2.0 0.0–40.7  18 8 5  
09 Drulovic J. 18 13/5 33-51.1 0/18 3.0 6.6-22.2  0 11(+7)* 0 0 
10 Fragoso Y. D. 73 50/23 17-72 4/69 2.0 0-26 0 3 1 1 0 
11 Bsteh G. 126 90/36 21-79 28/98 2.0  8 37 2 2 1 
12 Perez A. C. 843 616/227 39.8-70.6    511 51 1 1  
13 Yavorskaya V. 30 25/5 19-55    0 0 30 0 0  

*Out of 18 patients in treatment with Cladribine, 11 developed COVID-19 infection. In some manuscripts DMTs and/or MS type are not available for all 
individuals 
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death rate was between 0% and 7%. Actually, the range mentioned 
above would include much closer values (respectively 0% - 21% and 0% 
- 4%) if the incidence reported from Perez et al. is not considered 
(hospitalization rate 340/843, 40%; death rate 56/843, 7%). In this 
study, that is a data collection using an administrative claims-based 
method (Pérez et al., 2021) several limitations were reported, 
including the risk of possible misclassification, underreporting and/or 
inconsistent ICD coding practices being. 

The pooled estimate of the hospitalization rate was 14.98% (high 
heterogeneity: 95.4%), lower than the rate reported in the systematic 
review on COVID-19 in pwMS from Barzegar et al. (2021) (20.7%). The 
collection of data from different countries, often referred to different 
periods of pandemic and based on different study designs, could explain 
these results. However, the hospitalization rate of the general 

population is ranging from 2.9 to 30% of all COVID-19 cases (Corona
virus Disease, 2020) and that of pwMS falls in this interval. The de
mographic characteristics of pwMS are generally younger with more 
females than the general population, which should automatically put 
this cohort of patients at lower risks of hospitalization (Barzegar et al., 
2021). 

In this analysis only 157 out of 5138 (3.1%) patients presented a fatal 
event, resulting in a pooled estimate of 2.66 (95%CI: 1.79-3.92), with a 
high heterogeneity among studies (I2= 71.2%), that is a number in line 
with previous studies (Barzegar et al., 2021). No deaths (out of 107 
subjects) were observed in the group of patients treated with cladribine 
and even if the size of this group is small, this observation indicates that 
there is no evidence of an increased risk of severe COVID-19 in pwMS 
receiving cladribine. 

Disease Modifying Treatments 

Glatiramer  
Acetate 

Dimethyl  
fumarate 

Fingo 
limod 

Interferon  
beta 

Methotrexate Mitoxantrone Natalizumab Ocrelizumab Rituximab Teriflunomide Ozanimod Other 

33 35 42 20 1 0 57 38 17 33 0 4 
0 0 0 0 0 0 0 0 0 0 0 0 
0 5 2 3 0 0 2 3 2 0 0 0 
84 208 106 53 2 0 170 484 77 82 1 41 
42 164 16 82 0 3 35 20 0 25 3 0 
70 174 94 73 1 1 85 89 5 64 0 2 
13 41 27 36 0 0 26 23 33 37  7 
9 48 20 18   57 7 262 11  13 
0 0 0 0 0 0 0 0 0 0 0 0 
10 15 14 10 0 0 6 5 3 5 0 0 
11 19 16 6 0 0 10 12 2 0 0 
55 45 14 26   18 72 17 24 1 7 
0 0 0 0 0 0 0 0 0 0 0 0  

Table 3 
COVID-19 severity outcomes.    

OVERALL CLADRIBINE 

Nr Author N Hospitalization Pneumonia ICU admission Death N Hospitalization Death 

01 Louapre C. 347 73 (21.0%) - 4 (1.2%) 12 (3.5%) 3 2 (66.7%) 0 (0.0%) 
02 Oreja-Guevara C. 14 1 (7.1%) 1 (7.1%) 0 (0.0%) 0 (0.0%) 14 1 (7.1%) 0 (0.0%) 
03 Hervás-García J. 

V. 
19 1 (5.3%) 1 (5.3%) 0 (0.0%) 0 (0.0%) 1^ 0 (0.0%) 0 (0.0%) 

04 Salter A. 1626 320 (19.7%) 112 (6.9%) 104 (6.4%) 54 (3.3%) 14 1 (7.1%) 0 (0.0%) 
05 Czarnowska A. 396 27 (6.8%) 1 (0.3%) - 1 (0.3%) 5 0 (0.0%) 0 (0.0%) 
06 Sormani M. P. 844 96 (11.4%) 99 (11.7%) 38 (4.5%) 13 (1.5%) 11 0 (0.0%) 0 (0.0%) 
07 Arrambide G. 326 69 (21.2%) - 7 (2.1%) 7 (2.1%) 6 0 (0.0%) 0 (0.0%) 
08 Spelman T. 476 73 (15.3%) - 19 (4.0%) 8 (1.7%) 8 1 (12.5%) 0 (0.0%) 
09  Drulovic J. 18 0 (0.0%) 5 (27.8%) 0 (0.0%) 0 (0.0%) 11 0 (0.0%) 0 (0.0%) 

10 Fragoso Y. D. 73 15 (20.5%) 20 (27.4%) 6 (8.2%) 2 (2.7%) 1^ 0 (0.0%) 0 (0.0%) 
11 Bsteh G. 126 12 (9.5%) - - 4 (3.2%) 2^ 0 (0.0%) 0 (0.0%) 
12 Perez A. C. 843 340 (40.3%) - 87 (10.3%) 56 (6.6%) 1^ 0 (0.0%) 0 (0.0%) 
13 Yavorskaya V. 30 2 (6.7%) - - 0 (0.0%) 30 2 (6.7%) 0 (0.0%) 
POOLED ESTIMATE         
Proportion [95% IC]  14.98 [10.47 – 

20.97] 
8.40 [2.90 – 21.92] 4.44 [2.76 – 7.06] 2.66 [1.79 – 3.92]  9.36 [4.73 – 

17.69] 
0.00 [0.00 – 
1.17] 

I^2 [95% IC]  95.48 [89–23 – 
98.70] 

97.50 [91.71 – 
99.64] 

88.61 [62.82 – 
96.45] 

71.23 [30.81 – 
90.50]  

0.00 [0.00 – 
72.22] 

0.00  

^ Case reports excluded from the meta-analysis 
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