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SUMMARY

The coronavirus disease 2019 (COVID-19) pandemic caused challenges in the management of patients living with multiple sclerosis (PLwMS). We investigated the
occurrence and severity of COVID-19 infection post-vaccination among PLwMS treated with ocrelizumab and enrolled in the Maccabi Health Services (MHS) (n =
289) or followed at the Hadassah Medical Center (HMC) (n = 80) in Israel. Most patients were fully vaccinated (MHS n = 218; HMC n = 76) and confirmed infection
post-vaccination was low (3.7% and 2.6%, respectively). MHS: infection was more severe (hospitalization/intensive care unit/death) in non-vaccinated (33.3%) vs
vaccinated patients (25%). HMC: one vaccinated patient required hospitalization with COVID-19 vs two unvaccinated patients. These data from two Israel cohorts
suggest that occurrence of COVID-19 after mRNA vaccination is low and limited in severity.

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has caused major
challenges in the management of patients living with multiple sclerosis
(PLWMS), rendering the assessment of clinical outcomes and related risk
factors for severe disease of utmost importance for PLwMS. Whilst several
published studies characterize the immunological response to SARS-CoV-2
vaccination, evidence of clinical protection is lacking. We investigated
COVID-19 infection and vaccination in PLWMS treated with ocrelizumab
enrolled in the Maccabi Health Services (MHS) or followed at the
Hadassah Medical Center (HMC) in Israel from February 2020 to
November 2021, focusing on the occurrence and severity of COVID-19
post-vaccination (i.e., vaccine breakthrough cases).

2. Materials and methods

We conducted a non-interventional, retrospective cohort study using
the centralized data of MHS. MHS serves as an insurer and healthcare
service provider for a quarter of Israel’s population; thereby collecting and
storing comprehensive patient records from various clinical settings. The
research period for this study spanned February 1, 2020 (index date, start
of pandemic) to November 1, 2021 (data cut-off date) (Fig. 1) (Schnee-
weiss et al., 2019). Eligible patients had >1-year continuous MHS mem-
bership and >1 ocrelizumab administration in the 12 months preceding the
index date. MS diagnosis was identified in the MHS database using the 9th
Revision of the International Classification of Diseases (i.e., ICD-9 CM 340
and 340.9). In addition, Maccabi Health Services specific codes were used
to identify MS subtypes (i.e., Y12601 Multiple sclerosis, Y21012 Multiple
Sclerosis Remitting Relapsing, Y21013 Multiple Sclerosis Progressive Form,
Y21014 Multiple sclerosis Progressive Primary, Multiple Sclerosis Pro-
gressive Secondary). COVID-19 cases were then identified based on >1
record of confirmed SARS-CoV-2 infection (polymerase chain reaction or
antigen test), or hospitalization with a COVID-19 diagnosis. In a subgroup
analysis, we included all ocrelizumab-treated patients vaccinated with >2
doses of a SARS-CoV-2 messenger RNA (mRNA) vaccine by the end of the
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study period and examined the occurrence of vaccine breakthrough cases,
defined as COVID-19 infection diagnosed >14 days after recommended
SARS-CoV-2 initial immunization or after the third booster dose given >6
months after the second vaccine dose. Clinical outcomes were described as
COVID-19 infection, COVID-19-related hospitalization, COVID-19 inten-
sive care unit (ICU) admission or COVID-19-related death. This study was
approved by the MHS Institutional Review Board.

Additionally, PLwMS treated with ocrelizumab followed at the HMC
neurology department were contacted by their treating neurologist to
identify those who had received a COVID-19 diagnosis since the start of the
pandemic and up to November 30, 2021, the severity and outcome of their
infection and their SARS-CoV-2 vaccination status. Patients who had >1
ocrelizumab administration in the 12 months preceding a COVID-19 diag-
nosis were included. MS diagnosis was made by a neurologist following
McDonald 2017 criteria. Vaccine breakthroughs were defined similarly to
the analyses conducted in MHS. COVID-19 clinical outcomes were described
according to the main categories of the World Health Organization COVID-
19 clinical progression scale (WHO, 2020). The Hadassah Medical Organi-
zation Ethics Committee approved this study (study no. 975-20 -HMO).

3. Results

Among 2,290,564 MHS beneficiaries, we identified a total of 269
eligible PLWMS treated with ocrelizumab, of which 57.2% were females,
mean age (standard deviation [SD]) was 50.8 (11.7) years, and 52.0% had a
progressive form of MS (Table 1). There were 225 patients on ocrelizumab
treatment at the start of the SARS-CoV-2 vaccination campaign in Israel
(December 20, 2020). Of these, 218 (96.9%) were fully vaccinated with the
initial immunization scheme of two doses for mRNA vaccines by November
1, 2021, of which 114 patients (52.3%) received a third booster dose.

During the study observation period, a total of 29 patients (10.8%
among the full eligible cohort at index date) were diagnosed with
COVID-19, of which eight were vaccine breakthroughs (3.7% of the fully
vaccinated cohort), with two cases occurring after the third booster
dose. The median time between the last vaccine injection and the
diagnosis date of breakthrough infection was 119 days (quartile 1-3:
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Fig. 1. Study design Maccabi Health Services. Source: figure developed based upon information from Schneeweiss et al. (2019), COVID-19, coronavirus disease

2019; MHS, Maccabi Health Services; MS, multiple sclerosis; OCR, ocrelizumab.

51.75, 195.0 days). The remaining 21 cases occurred in unvaccinated
patients (i.e., prior to the initiation of the vaccination campaign on
December 20, 2020 (n = 10) or in partially vaccinated patients (n = 11)).
The following crude rates were reported in vaccinated and unvaccinated
patients, respectively: all severe COVID (hospitalization/ICU/death),
two (25.0%) vs seven (33.3%); hospitalizations, two (25.0%) vs three
(14.0%); ICU admission, zero vs three (14.0%); death, zero vs one
(4.8%). The mean [SD] length of stay for all COVID-19 related hospi-
talizations was 7.2 (11.4) days (range 1-13) and 43.7 (17.3) days (range
29-68) for the three patients admitted to the ICU.

As of November 30, 2021, 80 PLwMS treated with ocrelizumab were
identified at HMC. The majority (66.2%) of patients were female, with a
mean age of 46.5 years, and 58.7% had a progressive form of MS. In total,
76 patients (95.0%) completed the initial immunization scheme with two
doses of mRNA vaccine. Thirteen patients were diagnosed with COVID-19
(16.3% among all patients), of which two were vaccine breakthroughs
(2.6% among fully vaccinated patients). The remaining 11 cases occurred
in unvaccinated patients (all during pre-vaccination era), and COVID-19
was asymptomatic/mild in seven (63.6%) patients, one (9.1%) patient
was hospitalized with moderate COVID-19 and one (9.1%) was hospital-
ized with severe disease. For the two vaccine breakthroughs, the first
patient was a male aged 59 years, with secondary progressive MS, an
Expanded Disability Status Scale (EDSS) of 7.5, a disease duration since
diagnosis of 22.6 years, and coronary heart disease. He started ocrelizu-
mab therapy in May 2019, having his last infusion 4.3 months before
COVID-19 infection. He was hospitalized with moderate COVID-19 and
fully recovered. The second patient was a pregnant woman aged 37 years,
with relapsing remitting MS, an EDSS of 5.5, a disease duration since
diagnosis of 14 years, and no underlying conditions reported. She was 36-
weeks pregnant at time of COVID-19 infection. She started ocrelizumab
therapy in May 2019 and discontinued ocrelizumab due to pregnancy (her
last ocrelizumab infusion was 11 months before COVID-19). COVID-19
severity was mild, not requiring hospitalization, and she fully recovered.

4. Discussion

This study on two cohorts of PLwMS treated with ocrelizumab in Israel
who largely completed full vaccination scheme suggests that the occur-
rence of SARS-CoV-2 infection after COVID-19 mRNA vaccination (i.e.,
vaccine breakthroughs) was low (3.7% and 2.6%, respectively) and
limited in severity (no ICU admission and no deaths observed) compared
to COVID-19 cases diagnosed among unvaccinated patients. Several real-
world studies conducted during the pre-vaccination era of the pandemic

found that PLWMS treated with anti-CD20 agents including ocrelizumab
and rituximab have an increased risk of COVID-19-related hospitalization
(Salter et al., 2021; Sormani et al., 2021a, 2021b; Simpson-Yap et al.,
2021). The impact of DMTs on the clinical effectiveness of SARS-CoV-2
vaccines in preventing infections and severe disease remains to be deter-
mined. A large study on the entire population of PLWMS receiving DMTs in
England found that SARS-CoV-2 vaccines offered less protection against
infection (symptomatic and asymptomatic) to patients taking ocrelizumab
or fingolimod (Garjani et al., 2022). An Italian study also reported similar
results of a higher breakthrough infection rate in PLwWMS treated with
fingolimod and ocrelizumab than patients on other DMTs, but did not
observe a significant reduction in hospitalization rate after vaccination in
patients on ocrelizumab compared to those on the same treatment in the
pre-vaccination era (16.7% post-vaccination vs. 19.4% pre-vaccination
era, relative reduction=14%, RR=0.86, 95% CI=0.38- 1.91, p = 0.74)
(Schiavetti et al., 2022). However, the Italian CovaXiMS (Covid-19 vaccine
in Multiple Sclerosis) study found that the rate of infection requiring
hospitalization was significantly reduced after vaccination, including in
PLwMS treated with ocrelizumab with hospitalization rate reduced by
70% as compared to pre-vaccination hospitalization rate (Sormani et al.,
2022). Disease-modifying therapies affect the immunological response to
SARS-CoV-2 vaccines (Gombolay et al., 2022). It has been suggested that
increased risk of breakthrough SARS-CoV-2 infections is associated with
impaired humoral immune response, while preserved cellular immune
response appears to play a critical role in preventing severe infections
requiring hospitalization, also for SARS-CoV2 variants of concerns (Sor-
mani et al., 2022; Ledford, 2022). Attenuated humoral response to
SARS-CoV-2 mRNA vaccines has been reported, while a robust T-cell
response was induced in patients treated with ocrelizumab (Brill et al.,
2021; Madelon et al., 2021; Apostolidis et al., 2021). Such a T-cell
response was significantly boosted after a third vaccine dose (Brill et al.,
2022), and preserved against SARS-CoV-2 Delta or Omicron variants
(Madelon et al., 2022). A better understanding of immunity against
SARS-CoV-2 upon infection or vaccination is critical to determine the role
and importance of humoral and cellular immune responses in conferring
appropriate clinical protection against severe COVID-19.

In conclusion, despite the potential limitations of our study (particu-
larly the small cohort size and few events), our findings appear to provide
preliminary information suggesting a benefit of COVID-19 vaccination in
PLWMS treated with ocrelizumab. Further studies are warranted to
confirm that clinical protection against severe COVID-19 from SARS-CoV-
2 vaccination is not impaired in PLWMS treated with ocrelizumab.
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Table 1
Overall patient characteristics and for COVID-19 cases in PLwMS treated with
ocrelizumab at Maccabi Health Services.

Characteristic Ocrelizumab cohort All Ocrelizumab cohort
patients (n = 269) COVID-19 cases (n = 29)
Female sex 154 (57.2%) 16 (55.2%)
Age (years)
Mean (SD) 50.8 (11.7) 49.4 (11.9)
MS subtype*

Relapsing-remitting MS 104 (38.7%) 10 (34.5%)

Primary progressive MS 95 (35.3%) 11(37.9%)
Progressive form 45 (16.7%) 6 (20.7%)
(unspecified)
MS general (unspecified) 25 (9.3%) 2 (6.9%)
MS disease duration (years)
Mean (SD) 12.0 (6.8) 12.2 (7.2)
Ocrelizumab exposure time
(years)
Mean (SD) 2.0 (0.3) 2.0 (0.4)
Underlying conditions
Current cancer or history 14 (5.2%) 1 (3.4%)
of cancer
Moderate liver disease 31 (11.5%) 3(10.3%)
Hemiplegia/paraplegia 35 (13.0% 4 (13.8%)
Dementia 18 (6.7%) 1 (3.4%)
Cardiovascular disease 16 (5.9%) 4 (13.8%)
Hypertension 55 (20.4%) 9 (31.0%)
Diabetes 17 (6.3%) 4 (13.8%)
COPD 21 (7.8%) 2 (6.9%)
Chronic kidney disease 23 (8.6%) 4 (13.8%)
COVID-19 outcomes®
All cases NA 29
Mild/moderate (non- 20 (69.9%)
hospitalized)
Severe (Hospitalized/ 9 (31.0%)
ICU/death)
Hospitalized 5 (17.2%)
ICU admission 3 (10.3%)
Death 1 (3.4%)
Pre-vaccination era/ NA 21
partially vaccinated
Mild/moderate (non- 14 (66.7%)
hospitalized)
Severe (Hospitalized/ 7 (33.3%)
ICU/death)
Hospitalized 3 (14.3%)
ICU admission 3 (14.3%)
Death 1 (4.8%)
Fully vaccinated NA 8
Mild/moderate (non- 6 (75.0%)
hospitalized)
Severe (Hospitalized/ 2 (25.0%)
ICU/death)
Hospitalized 2 (25.0%)
ICU admission 0
Death 0

COPD,chronic obstructive pulmonary disease; COVID-19, coronavirus disease
2019; ICU, intensive care unit; MS, multiple sclerosis; PLwMS, patients living
with multiple sclerosis; SD, standard deviation; NA, not applicable.

# Categories are mutually exclusive and based on recorded worse outcome by
patient (i.e., death > ICU > hospitalization > non hospitalized).

" Based on Maccabi Health Services specific codes for MS subtypes (i.e.,
Y12601 Multiple sclerosis, Y21012 Multiple Sclerosis Remitting Relapsing,
Y21013 Multiple Sclerosis Progressive Form, Y21014 Multiple sclerosis Pro-
gressive Primary, Multiple Sclerosis Progressive Secondary).
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