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Abstract: CD52 is a small surface glycoprotein composed of 12 amino acids. CD52 is 
found mostly on the surface of mature immune cells, such as lymphocytes, monocytes, 
eosinophils, and dendritic cells, as well as the male genital tract: within the epididymis and 
on the surface of mature sperm. Low CD52 expression is also found in neutrophils. CD52 
function is not fully understood, although experiments with anti-CD52 antibodies have 
shown that CD52 is essential for lymphocyte transendothelial migration and may contribute 
to costimulation of CD4+ T cells and T-cell activation and proliferation. Although knowledge 
about exact CD52 function is still poor, CD52 presence on the surface of a broad spectrum of 
immune cells makes it a therapeutic target, especially in immunomediated diseases, such as 
multiple sclerosis. In multiple sclerosis, alemtuzumab is registered for adult patients with the 
relapsing–remitting form of the disease defined by clinical and imaging features. Despite the 
high efficacy of the drug, the main issue is its safety. The main adverse effects of alemtu
zumab are associated with drug infusion due to cytokine release and cytotoxic effects of 
antibodies associated with lymphocyte depletion, which leads to immunosuppression, and 
secondary autoimmunity that may be the effect of excessive B-cell repopulation and cancer. 
This review presents current knowledge on the drug’s mechanism of action, efficacy and 
safety data from clinical trials, and real-world observations, including available though 
scarce data on using alemtuzumab in the COVID era. 
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Biology of Anti-CD52 Therapy
CD52
CD52, also known as the Campath-1 antigen, is a small surface glycoprotein 
composed of 12 amino acids. CD52 is anchored to the cell membrane by glycosyl
phosphatidylinositol at the C terminus.1,1–4 CD52 is found mostly on the surface of 
mature immune cells (lymphocytes, monocytes, eosinophils, and dendritic cells 
[DCs] and the male genital tract: within the epididymis and on the surface of 
mature sperm. Low CD52 expression is found in neutrophils.5 What is important 
is that CD52 is found neither on stem/progenitor immune cells, erythrocytes, nor 
platelets.3 CD52 function is not fully understood, although experiments with anti- 
CD52 antibodies have shown that it is essential for lymphocyte transendothelial 
migration6 and may also contribute to costimulation of CD4+ T cells7 and T-cell 
activation and proliferation.8

The role of soluble CD52 has been reported on. Release of CD52 from activated T 
cells is mediated by phospholipase C. Soluble CD52 binds to the HMGB1 protein, 
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subsequently to Siglec 10 receptors present on the adjacent 
T cells.9 This binding lead to suppression of T-cell activa
tion by inhibition of phosphorylation of tyrosine residues, 
which is required for signaling via T-cell receptors. 
Suppression of other immune cells by soluble CD52 is 
also possible while those cells also express Siglec 10.10–12 

Soluble CD52 likewise inhibits Toll-like receptors or TNF 
signaling, thus inhibiting the NFκB pathway and proinflam
matory cytokine production. High levels of CD52 induce 
apoptotic cell death via BAK and BAX signaling.13

Anti-CD52
Although knowledge about CD52 function is poor, CD52 
presence on the surface of a broad spectrum of immune 
cells makes it a good therapeutic target. Eliminating 
CD52-expressing cells may be beneficial in lymphocyte- 
mediated diseases, as CD52 is highly expressed in those 
cells.3,14

The anti-CD52 antibody Campath-1 was first designed 
for preventing graft-versus-host disease and possible antil
eukemic activity. Campath-1 is a rat monoclonal antibody 
directed against human CD52, leading to lysis of the 
lymphocytes expressing the CD52 antigen. While progeni
tor cells do not express CD52, they are not depleted by 
anti-CD52. This is beneficial for preservation of capability 
for restoring the leukocyte population.15 As Campath-1 is 
the rat antibody, to increase its safety and to exclude 
possible reactions against rat-derived proteins and anti
body clearance, humanized Campath-1 (Campath-1H), 
also known as alemtuzumab, was created.16 Campath-1H 
is an IgG1-class antibody, and like rat Campath-1, it binds 
to the C terminus of the CD52 antigen and partly to the 
glycosylphosphatidylinositol anchor. The mechanism of 
action of the anti-CD52 antibody is depletion of lympho
cytes via two mechanisms: complement-dependent 
cytolysis (CDC) and antibody-dependent cellular 
cytotoxicity.14,17,18

Results of detailed analysis of specific cell subtypes 
susceptible to alemtuzumab have shown the highest 
CD52-antigen density on memory B cells and naïve 
CD4+ T cells from the lymphoid-cell subset and also on 
DCs from the myeloid-cell population. Subsequently, 
alemtuzumab mediated CDC was tested, and the results 
indicated the strongest cytolytic activity of alemtuzumab 
on the T- and B-cell subsets, but not myeloid DCs, prob
ably due to higher expression of complement-inhibitory 
proteins in myeloid cells. This points to alemtuzumab 
efficacy being not only dependent on antigen density.4 

However, research has shown that myeloid monocyte– 
derived DCs both highly express the CD52 antigen and 
are sensitive to CDC mediated by humanized anti-CD52, 
but in a maturity-dependent manner with less sensitivity in 
mature myeloid monocyte–derived DCs. This may be 
important, as DCs are antigen-presenting cells and clear
ance of such from the center of inflammatory reaction 
would inhibit antigen presentation and antigen-specific 
lymphocyte activation.19

Anti-CD52 Mechanism of Action in EAE 
and Multiple Sclerosis
Multiple sclerosis (MS) is an autoimmune disease 
mediated by autoreactive T cells recognizing myelin anti
gens in the central nervous system (CNS). Besides T cells, 
while immunoreaction is developed, B cells, which pro
duce antibodies directed against myelin, and innate immu
nity mechanisms are involved. Immunoreaction causes 
demyelination, axon loss, and damage to whole neurons. 
Therefore, depleting cells responsible for antigen-specific 
reactions would be beneficial.20,21

Experimental autoimmune encephalomyelitis (EAE), 
the animal model of MS, provides more precise data on 
alemtuzumab’s mechanism of action, some of which are 
unobtainable from human studies. Depletion of T and B 
cells from the periphery is the main outcome of alemtu
zumab, also observed in experimental animals. Despite 
peripheral depletion of T and B cells, in mice injected 
intraperitoneally with alemtuzumab, there is still a detect
able amount of lymphocytes present in the spleen, thymus, 
and lymph nodes. On the periphery, the pool of neutro
philes and NK cells remains unaffected. Considering lym
phocyte-repopulation differences are seen for B and T 
cells, less time is needed for B-cell repopulation (7–10 
weeks), than T-cell repopulation (25 weeks). Partial deple
tion of thymocytes may contribute to prolonged T-cell 
reconstitution. Mechanisms engaged in cytokine release 
after alemtuzumab administration have also been ana
lyzed. The effect of complement or NK-cell depletion 
was tested, and the results indicated that complement 
removal did not alter cytokine release, while NK depletion 
did. This indicates engagement of direct cellular mechan
isms (eg, activation of innate immune cells by damaged 
lymphocytes) and not the complement-mediated mechan
ism for cytokine release.22

Animal studies have also supplied data on the effects of 
anti-CD52 therapy in the CNS. In mice with induced EAE, 
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intravenous treatment with anti-CD52 at the peak of symptoms 
but not in the chronic phase diminished disease severity. T- and 
B-cell infiltration into the CNS was decreased after anti-CD52 
treatment during both acute and chronic phases of EAE. B-cell 
aggregates in the CNS were depleted, probably due to the lack 
of supplementation of aggregates by B cells infiltrating from 
the periphery. In mice treated with anti-CD52, reduction in 
axon damage,23 reduction in demyelination in the CNS, and 
unaltered axonal conductance has been observed.24 Such 
observations have been further confirmed, and increased anti- 
inflammatory cytokines (IL10 and TGFβ) and BDNF expres
sion and decreased proinflammatory cytokine expression 
(TNF, IFNγ, and IL17) was observed.25 As there is poor anti- 
CD52 penetration through the blood–brain barrier,26 intrathe
cal administration of antimurine CD52 to EAE mice was 
tested. No influence of intrathecal anti-CD52 on circulating 
immune cells was observed in healthy animals. In EAE mice, 
administration on the 10th but not 20th day after immunization 
reduced clinical symptoms of the disease and decreased the 
number of CD3+ T cells in mice spinal cord sections and the 
number of peripheral CD4+ and CD8+ T cells. Reduction in the 
number of peripheral CD4+ and CD8+ cells was however 
smaller than in mice where anti-CD52 was administered 
subcutaneusly.27 Despite high expression of CD52 mRNA in 
cultured microglia, neurons, and astrocytes, protein expression 
was strongest in neurons, weaker in microglia, and scant in 
astrocytes. Nevertheless, no microglia depletion under the 
influence of anti-CD52 was observed in tisssue sections. 
Anti-CD52–treated microglia presented morphology of an 
activated state, but probably not affecting functioning or inter
actions with cocultured lymphocytes. In neurons, anti-CD52 
did not exert protective activity against excitotoxicity induced 
by NMDA and Th17 cells.28

After infusion of alemtuzumab in MS patients, 
depletion in circulating lymphocytes is observed. 
Also, within a few hours transient increases in TNFα, 
IFNγ, and IL6 levels due to antibody-mediated cyto
toxicity and cell lysis, which induces inflammatory 
reactions, is noted.29–31 Repopulation of the lympho
cyte pool occurs from the lymphocytes escaping deple
tion and from bone marrow and thymic progenitors.30 

Patterns for T- and B-cell population recovery in 
patients is similar to experimental animals, with 3–6 
months needed for B cells repopulation and up to 61 
months for T cells reconstitution.32,33 Increased secre
tion of neurotrophic factors, such as BDNF and ciliary 
neurotrophic factor, by regenerating immune cells may 
exert a neuroprotective effect and provide some 

explanation for disability improvement in patients trea
ted with alemtuzumab.34 Alemtuzumab decreases the 
level of NfL concentrations in plasma obtained from 
relapsing–remitting MS (RRMS) patients. As NfL is a 
markers of neuroaxonal damage, reflecting disease pro
gress, this may also indicate the neuroprotective out
come of alemtuzumab.35 What is interesting is that 
CD4+CD25+ Treg cells repopulate within 3 months of 
alemtuzumab administration.36 In vitro studies on per
ipheral blood mononuclear cells isolated from patients 
have indicated that costimulation of CD4+ T cells with 
anti-CD3 and anti-CD52 induce CD4+CD25+ regula
tory cells eventually suppressing CD4+ cells by direct 
cell-to-cell contact via T-cell receptors.7,37 Differential 
repopulation of T cells may contribute to prolonged 
suppression of MS. A combination of fast Treg repopu
lation and long-lasting depletion of Th17 and Th1 sub
sets creates an immunotolerant environment.38 

Additionally, Breg cells also repopulate within short 
time after alemtuzumab administration.39 On the other 
hand, faster repopulation of T-memory cells from the 
pool escaping depletion, rather than naïve T cells, may 
contribute to secondary autoimmunity.40,41

Alemtuzumab binds also soluble CD52. This may interfere 
with the suppressor activity of soluble CD52 molecules, thus 
leading to possible limited efficacy of alemtuzumab as the 
immunosuppressive agent. On the other hand, this may be 
beneficial, as inhibiting immunosuppression prevents infec
tions in patients.10 Figure 1 summarizes the effect of anti- 
CD52 on the immune system.

Alemtuzumab in Clinical Trials on 
MS
The efficacy and safety of alemtuzumab were established in 
three double-blinded comparative trials in treatment-naïve 
patients (phase II CAMMS223, NCT00050778) and phase 
III (CARE MS I, NCT00530348) and patients who had inade
quate response to prior treatment with IFNβ or glatiramer 
acetate (phase III CARE MS II/CAMMS324, 
NCT00548405).32,42,43 The phase II and III clinical trials 
showed that alemtuzumab was more efficient in reducing 
annualized relapse ratedisability scores, and magnetic reso
nance imaging (MRI) lesion burden in treatment-naïve, the 
same as prior-treated, RRMS patients comparing to subcuta
neous IFNβ1a.Results from the phase III CARE MS II study 
showed that alemtuzumab can be used in patients with refrac
tory RRMS to reduce the risk of sustained accumulation of 
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disability when treatment with first-line drugs has failed.43 A 3- 
year extension study with a total of 5 years’ follow-up from 
CARE MS I enrollment showed durable alemtuzumab efficacy 
in the absence of continuous treatment, with 68.5% patients not 
receiving additional courses.44 Similar conclusions were 
drawn from CARE MS II 5-year follow-up, where 59.8% of 
patients did not receive alemtuzumab retreatment.45 The next 
study evaluated 6-year outcomes in patients who had relapsed 
between the first and second alemtuzumab courses. These 
patients were dubbed “early relapsers”. Outcomes in these 
patients improved if they completed the second alemtuzumab 
course. This observation supports the hypothesis that adminis
tering two-course treatment is more efficient.46

Subsequent extension studies confirmed alemtuzumab 
efficacy and safety (CAMMS03409 NCT00930553 and 
subsequent TOPAZ extension NCT02255656) over 12 
years. Of the 108 patients who received alemtuzumab 12 

mg/day in CAMMS223, 60 (56%) enrolled in the 
CAMMS03409 extension and were further followed-up 
in the TOPAZ study. At year 12, 54 (50%) patients 
remained on the study. During 12 years, 33% of patients 
received a total of two courses of alemtuzumab and 65% 
received additional as-needed courses: three (38%), four 
(15%), five (3%), six (7%), and seven (2%). In total, 73% 
of patients received no more than three treatment courses. 
Over 12 years, the annualized relapse rate was 0.09, 71% 
of alemtuzumab-treated patients had improved or stable 
Expanded Disability Status Scale scores, and the average 
score change from baseline to year 12 was +0.33. In year 
12, 73% of patients were free of MRI disease activity. The 
main limitation of the study was the small sample in the 
12-year cohort. In sum, 42 patients were lost due to non
compliance with the study drug, withdrawal, loss to fol
low-up, physician decision, or unknown reasons. That 

Figure 1 Effects of anti-CD52 on immune system. Administration of anti-CD52 causes depletion of circulating CD52+ cells, which are T cells, B cells, and immature myeloid 
dendritic cells (DCs). Depletion is due to complement-dependent cytolysis (CDC) and antibody-dependent cellular cytotoxicity (ADCC). In the periphery, after CD52+-cell 
depletion, a transient increase in TNFα and IFNγ is observed. Repopulation of depleted cells occurs from the thymus and bone-marrow population of cells, taking in human 
3–6 months for B cells and up to 61 months for T cells. Fast repopulation of regulatory T and B cells is observed, which creates an immunotolerant environment. After 
depletion in the periphery, CD52+-cell infiltration into the CNS is decreased. This further decreases cell aggregates in the CNS and increases levels of anti-inflammatory 
cytokines, and decreased levels of proinflammatory cytokines are observed. Increased levels of neurotrophic factors are also noted. 
Abbreviations: BDNF, brain-derived neurotrophic factor; CNTF, ciliary neurotrophic factor.
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might cause a selection bias in favor of patients with 
positively experiences of alemtuzumab, as patient partici
pation in the extension study was voluntary.47 

Nevertheless, the study confirmed the efficacy and safety 
of alemtuzumab on long-term follow-up.

Use of Alemtuzumab in MS
The drug was registered by the European Medicines Agency 
(EMA) in 2013 for adult MS patients with RRMS defined by 
clinical and imaging features. In 2014, it was also approved by 
the US Food and Drug Administration (FDA). It is indicated as 
a single disease-modifying therapy (DMT) in adult patients 
with highly active RRMS despite a full and adequate course of 
treatment with at least one DMT or patients with rapidly 
evolving severe RRMS, multiple sclerosis defined as two or 
more disabling relapses in one year and one or more gadoli
nium-enhancing lesions on brain MRI or a significant increase 
in T2 lesion load compared to a recent MRI.48

The recommended dose of alemtuzumab is 12 mg/day 
administered by intravenous infusion for two initial treat
ment courses, with up to two additional treatment courses 
if needed. The first regular treatment consists of 12 mg 
alemtuzumab per day for 5 consecutive days (in total 60 
mg), and the second treatment consists of 12 mg per day 
on 3 consecutive days (in total 36 mg) administered 12 
months after the first treatment course. If needed, up to 
two additional treatment courses may be considered, each 
of 12 mg per day on 3 consecutive days (in total an 
additional 36 mg) administered at least 12 months after 
the prior treatment course.48

Safety of Alemtuzumab
The main adverse effects (AEs) of alemtuzumab are asso
ciated with drug infusion, due to cytokine release and 
cytotoxic effect of antibodies leading to a brief exacerba
tion of disease symptoms, fever, nausea, and headache etc, 
associated with lymphocyte depletion leading to immuno
suppression, which contributes to increased vulnerability 
of patients to infections (but preserved innate immunity 
decreases the severity of such event, secondary autoimmu
nity, which may be the effect of excessive B cells repopu
lation, and cancer.30,32

The most common AEs of alemtuzumab are infusion- 
associated reactions and infections, which occur at the highest 
rate after the first treatment course and decline thereafter.49 

Alemtuzumab is also known to increase the risk of autoim
mune events, such as thyroid disease and immunthrombocy
topenia, nephropathies that may manifest months to years after 

treatment.50 The findings of the clinical trials led to require
ments for extensive safety monitoring, allowing for early 
recognition and management of AEs during alemtuzumab 
therapy.51 However, in April 2019 the EMA initiated a review 
of alemtuzumab, as AEs had been reported, including immu
nomediated (autoimmune hepatitis, hemophagocytic lympho
histiocytosis) and new cardiovascular (lung bleeding, 
myocardial infarctions, ischemic and hemorrhagic strokes, 
and cardiocephalic arterial dissections) ones. During the 
review alemtuzumab was restricted to patients with active 
RRMS despite a full and adequate course of treatment with 
at least two other DMTs or to patients with contraindications to 
all other DMTs.52

The EMA Safety Committee recommended that alemtuzu
mab should no longer be used in in patients with certain heart, 
circulation, or bleeding disorders or those who have autoim
mune disorders other than MS. Later, in October 2019 the 
restriction was loosened and alemtuzumab was allowed to be 
used when at least one other DMT was ineffective or 
contraindicated.53 Decisions on these restriction changes 
were made by European Commission on January 16, 2020.54 

Due to the deep and long-lasting immunosuppression, patients 
on alemtuzumab may experience opportunistic infections. 
High risk of infections is expected within the first 6 months 
after dosing, with the peak during the first month of treatment 
and later diminishing. In clinical trials, the most commonly 
reported infections were those of the upper and lower respira
tory tract, urinary tract, masticatory muscles, and gastrointest
inal tract.55 History of infectious diseases and vaccination 
status should always be taken into account before alemtuzu
mab treatment.

COVID-19 and MS Patients Treated with 
Alemtuzumab
In the era of COVID-19, there is still little known about the 
effects of immunosuppression in various autoimmune diseases 
on the SARS-CoV2–infection course. From the beginning of 
the pandemic, different hypothesis were made, starting from 
these that patients under immunosuppression might be more 
susceptible to COVID-19 complications to those that such 
therapy may be protective against overly active 
immunoresponse.56,57 It is still not known whether patients 
with MS are at increased risk of developing severe forms of 
COVID-19. Generally, lymphopenia and immunosuppression 
are associated with worse outcomes.58 It might be suspected 
that immunosuppressive drugs used in MS lead to more severe 
courses of infection, but this is still not clear or clinically 
supported.
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Alemtuzumab-treated patients are at higher risk of such 
infections as nasopharyngitis, urinary tract infections, herpetic 
infections, influenza, and bronchitis, including serious 
infections.48 It might be suspected that alemtuzumab can also 
reduce both humoral and cellular response against SARS- 
CoV2; however, it is speculated to vary according to the 
phase of immunoreconstitution. Patients who return to normal 
or near-normal lymphocyte counts are possibly not at increased 
risk of SARS-CoV2 infection.59 In patients who have received 
one cycle of alemtuzumab, delaying the second cycle or 
switching to safer DMT should be considered. It is suggested 
that redosing alemtuzumab during a pandemic in high-risk 
areas may be unsafe, as the risk of infection is highest when 
dose initiation occurs during maximum lymphopenia. There is 
also a link between alemtuzumab and cardiocephalic arteria 
dissection and stroke.60 As during COVID-19, there is a risk of 
thrombosis and intracerebral hemorrhage, and redosing alem
tuzumab during infection or within a short period may increase 
that risk.61

The Association of British Neurologists suggests 
delaying starting or redosing of alemtuzumab in patients 
with MS during the COVID-19 pandemic; however, 
patient condition and individual factors, such as highly 
active disease, should be taken into account before the 
final decision to postpone therapy or choose another 
DMT.62 At the time of writing, there were five published 
case reports on seven MS patients treated with alemtuzu
mab who had developed COVID-19.63–67 Three of seven 
needed hospitalization, but all of them fully recovered 
without any serious complications (Table 1). It might be 
speculated that immunosuppression is favorable in such 
patients; however, the question about the time frame 
between dosing and infection and the efficacy of vaccina
tion against COVID-19 is open.

One explanation for mild MS course in alemtuzumab- 
treated patients might be that following initial depletion, 
the drug produces lymphocyte reconstitution from a new 
lineage. This includes changes in composition, pheno
type, and lymphocyte function, and leads to possible 
resistance of this new lineage to the virus or blunts the 
cytokine storm responsible for life-threating complica
tions of SARS-COV2.67 Parotta et al found that in MS 
patients, risk factors of severe COVID-19 course or 
related death were older age, comorbidities, progressive 
form of MS, and nonambulatory status. Until now, no 
DMT, including alemtuzumab, has been noted as a factor 
in worsening COIVID-19.68

Alemtuzumab and Vaccination
Vaccination guidelines provide indications for timing of inac
tivated vaccines prior to disease DMT, but not after it.69 The 
same concerns live attenuated vaccines in a majority of drugs 
used for DMT. It is recommended that patients treated with 
immunosuppressive drugs do not receive these kind of vac
cines immediately before (ie, 4–6 weeks), during,or for a 
certain time after treatment; however, in the case of alemtuzu
mab, this has not been clearly defined.69 A recent Delphi 
consensus statement shares that opinion, and recommends 
that in cases of inactivated vaccines (either first or recall 
dose), alemtuzumab should be administered at least 1 month 
before and 6 months after treatment.70 This is in line with data 
from Ciotti et al.71 In the alemtuzumab summary of product 
characteristics (SPCs), it is recommended that patients have 
completed local immunization requirements at least 6 weeks 
prior to treatment.54 The ability to generate an immunore
sponse to any vaccine following alemtuzumab has not been 
studied. The safety of immunization with live viral vaccines 
following a course of alemtuzumab treatment has not been 
formally studied in controlled clinical trials on MS, and the 
drug should not be administered to MS patients who have 
received it.48

When different types of vaccination are taken into 
account, still little is known. Considering the anti–SARS- 
CoV2 vaccination SmPCs do not contain any information 
about mRNA vaccines in patients treated with alemtuzu
mab. A literature search does not reveal any publications 
on the use of alemtuzumab in combination with any 
mRNA vaccine in patients. Alemtuzumab has not been 
studied with any registered vaccine, eg, mRNA vaccine 
(nucleoside-modified, Pfizer/BionTech, Moderna),- 
ChAdOx1-S (recombinant, Astra Zeneca), or Ad26. 
COV2-S recombinant, Janssen-Cilag International). In all 
SmPCs, there is information that though no formal studies 
have been performed in immunocompromised patients, 
including those receiving immunosuppressants, dimin
ished immunoresponse might be expected.72–75

In the literature, there is scarce information about vaccina
tion in patients treated with alemtuzumab. Rolla et al41 found 
that despite induced B lymphopenia, alemtuzumab appeared to 
have no effect on immunoresponses to vaccines. RRMS 
patients treated with that drug maintained humoral immuno
memory and an ability to develop an immunoresponse against 
such vaccines antidiphteria, antitetanus, antipoliomyelitis, type 
B anti–Haemophilus influenzae, anti meningococcus C and 
antipneumococcal polysaccharide.41 On the other hand, 
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Zheng et al59 found that alemtuzumab had an effect on both T 
and B cells and an innate immunoresponse. These may affect 
early and long-term immunity against SARS-CoV2 increasing 
infection susceptibility and reinfection rates. Alemtuzumab 
may reduce humoral and cellular response against SARS- 
CoV2 viral infection and inactivated vaccine, especially 
when given in the time frame of cell depletion.59 As of May 
2021, there were no published case reports describing the use 
of live vaccines in alemtuzumab-treated patients in terms of 
safety and efficacy. Decisions should be always made by 
treating physician after risk–benefit analysis.

Conclusion
Data from preclinical and clinical studies provide enough 
rationale for using alemtuzumab as a highly efficient drug in 
MS. Due to deep immunosuppression, some doubts on accep
table drug safety have appeared. Markers for not only treat
ment response but also risk stratifications are urgently needed. 
COVID brings another challenge, which is determination of 
COVID-19 course in patients on highly efficient immunosup
pression, as well as the efficacy and safety of anti–SARS- 
CoV2 vaccination in such patients. Further studies are 
expected to determine the risk of COVID in individuals with 
autoimmune diseases and those on immunosuppression, 
including alemtuzumab-treated MS patients.
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