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Abstract
Background  The SARS-CoV-2 Omicron variant appears to cause milder infections, however, its capacity for immune eva-
sion and high transmissibility despite vaccination remains a concern, particularly in immunosuppressed patients. Herein, 
we investigate the incidence and risk factors for COVID-19 infection in vaccinated adult patients with Multiple Sclerosis 
(MS), Aquaporin-4-antibody Neuromyelitis Optica Spectrum Disorder (AQP4-Ab NMOSD), and Myelin Oligodendrocyte 
Glycoprotein-antibody associated disease (MOGAD) during the Omicron subvariant BA.1/2 wave in Singapore.
Methods  This was a prospective observational study conducted at the National Neuroscience Institute, Singapore. Only 
patients who had at least two doses of mRNA vaccines were included. Data on demographics, disease characteristics, COVID-
19 infections and vaccinations, and immunotherapies were collected. SARS-CoV-2 neutralising antibodies were measured 
at various time points after vaccination.
Results  Two hundred and one patients were included; 47 had COVID-19 infection during the study period. Multivariable 
logistic regression revealed that receipt of a third SARS-CoV-2 mRNA vaccination (V3) was protective against COVID-19 
infection. No particular immunotherapy group increased the risk of infection, however, Cox proportional-hazards regression 
showed that patients on anti-CD20s and sphingosine-1-phosphate modulators (S1PRMs) had a shorter time to infection after 
V3, compared to those on other immunotherapies or not on immunotherapy.
Conclusions  The Omicron subvariant BA.1/2 is highly infectious in patients with central nervous system inflammatory dis-
eases; three doses of mRNA vaccination improved protection. However, treatment with anti-CD20s and S1PRMs predisposed 
patients to earlier infection. Future studies are required to determine the protective efficacy of newer bivalent vaccines that 
target the Omicron (sub)variant, especially in immunocompromised patients.
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Introduction

The introduction of effective vaccines against the SARS-
CoV-2 virus has seen a significant decline in COVID-19 
infection-related mortality and morbidity globally [1]. How-
ever, the emergence of new SARS-CoV-2 variants (and sub-
variants) has called into question the continued efficacy of 
these vaccines in preventing infections, in particular seri-
ous infections. The Omicron variant of SARS-CoV-2 was 
first reported in South Africa in November 2021 and rapidly 
became the dominant variant circulating globally at the end 
of 2021 [2]. While the Omicron variant appears to cause 
milder infections [3], its capacity for immune evasion and 
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high transmissibility, even within vaccinated individuals, 
remains a concern [4, 5].

Previous studies have reported that Multiple Sclerosis 
(MS) patients on anti-CD20 therapies (anti-CD20s) and 
sphingosine-1-phosphate receptor modulators (S1PRMs) 
have a higher risk of COVID-19 infection [6–8], and it is 
now established that patients who are older, male and have 
higher disability are at an increased risk of severe infection 
[9]. However, most of these studies were performed dur-
ing the earlier phases of the COVID-19 pandemic; it is not 
clear whether these risk factors persist within vaccinated 
individuals in an environment where new SARS-CoV-2 
variants (and subvariants) have emerged. In this study, we 
aim to investigate the incidence of symptomatic COVID-19 
infection in vaccinated adult patients with MS, Aquaporin-
4-antibody Neuromyelitis Optica Spectrum Disorder (AQP4-
Ab NMOSD) and Myelin Oligodendrocyte Glycoprotein-
antibody associated disease (MOGAD) during the Omicron 
subvariant BA.1/2 wave in Singapore, and to delineate the 
factors associated with infection.

Methods

Study and follow up periods

This was a prospective observational study conducted at 
the Department of Neurology, National Neuroscience Insti-
tute, Singapore, under local ethics approval (CIRB number 
2020/2410, 2021/2222). A study period from 1st January 
2022 to 30th April 2022 was specified to define the Omi-
cron subvariant BA.1/2 wave in Singapore. The start date 
was chosen as this represented the inflection point at which 
the Delta variant wave ended, followed closely by the surge 
in Omicron subvariant BA.1/2 infections in Singapore [10, 
11]. The study end date was selected as this corresponded to 
the decline in the incidence of Omicron subvariant BA.1/2 
infections before the emergence of the Omicron subvari-
ant BA.4/5 wave; the first community case of the Omicron 
subvariant BA.4/5 being detected on 15th May 2022. There-
fore, it was reasonable to assume the infections that occurred 
within the study period was predominantly of the Omicron 
BA.1/2 subvariant.As it was no longer compulsory to see 
a medical practitioner for the confirmation of COVID-19 
infection since January 2022 and the real-time medical 
records of some patients who had COVID-19 infection did 
not reflect this, infection status was difficult to establish dur-
ing the study period. To ensure accurate identification of 
infected and non-infected individuals, a follow-up period 
from 1st May to 31st August 2022 was specified, during 
which patients were prospectively reviewed by the clinical 
team and ascertained if they had COVID-19 infection during 
the study period. Patients who contacted the clinical team 

(via phone or email) from 1st January to 31st August 2022 
to inform that they had COVID-19 infection during the study 
period were also included.

Participants

Only patients who had at least 2 doses of either the 
BNT162b2 (Pfizer-BioNTech) or mRNA-1273 (Moderna) 
vaccines were included in this study. Infection was defined 
as the presence of symptoms consistent with COVID-19 
infection with a positive polymerase chain reaction or anti-
gen rapid test. Patients who had prior COVID-19 infection 
(after at least 2 vaccinations) preceding the current study 
period were excluded; they (n = 19) had been reported in 
our earlier study on the Delta infection wave (from 1st Sep-
tember to 31st December 2021) [12]. The rationale for their 
exclusion was that recent infection would have conferred 
protective immunity that is likely to reduce their infective 
risk during the current study period and this would also have 
precluded them from receiving follow up vaccinations in the 
short term (i.e. during the current study period) as it was 
recommended to postpone vaccination for at least 3 months 
after infection according to local guidelines. Additionally, in 
the event that these patients did receive follow up vaccina-
tions, measurements of their post vaccination neutralising 
antibodies (NAbs) levels would likely have been altered by 
recent prior infection (see below).

All MS patients fulfilled the 2017 McDonald criteria 
[13], and all AQP4-NMOSD and MOGAD patients had 
positive antibodies tested using cell-based assays. Data 
on demographics, disease characteristics, SARS-CoV-2 
mRNA vaccinations, COVID-19 infection, and immuno-
therapies were collected. Immunotherapies were classified 
into 5 groups: (1) anti-CD20s and S1PRMs; (2) disease-
modifying anti-rheumatic drugs (DMARDs); (3) immune 
reconstitution therapies (IRTs); (4) other disease-modify-
ing therapies (DMTs); and (5) nil (refer to Supplemental 
Material for the full list of medications under each immu-
notherapy group). Anti-CD20s and S1PRMs were grouped 
together as these treatments are associated with attenuated 
humoral responses post SARS-CoV-2 vaccination; addition-
ally, emerging studies have demonstrated an increased rate 
of breakthrough COVID-19 infections in patients on these 
therapies despite vaccinations [6–8]. We established strict 
criteria to determine if a patient was ascribed to a particular 
immunotherapy; the immunotherapy must be commenced at 
least 3 months prior to first vaccination (V1) and maintained 
till the administration of V2. Patients who had received IRTs 
were ascribed to these treatments regardless of the dura-
tion between treatment and V1, while individuals on anti-
CD20s were classified under these treatments if they had 
received treatment within 8 months prior to V1. Untreated 
patients were ascribed as such if they had not been on any 
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immunotherapy for at least 3 months prior to V1 and main-
tained till V2.

Measurement of SARS‑CoV‑2 neutralising 
antibodies

We determined the levels of NAbs against SARS-CoV-2 in 
patients at the following time points during their routine 
clinical reviews: (1) at 2–6 weeks post V2; (2) at 8–16 weeks 
post V2; and at (3) 2–16 weeks post V3. NAbs were meas-
ured using the Genscript® cPass™ surrogate virus neu-
tralisation test according to the manufacturer’s instructions. 
NAbs levels were expressed quantitatively as inhibition 
percentage; greater values indicated higher levels of NAbs. 
An inhibition percentage of ≥ 30% represented a detect-
able NAbs response, as per the manufacturer's technical 
specifications.

Statistical analysis

Statistical analysis and graphical representation were per-
formed using SAS software version 9.4 for Windows (Cary, 
NC: SAS Institute Inc) and GraphPad Prism (version 6, 
GraphPad Software, San Diego, California USA). Univari-
ate and multivariable logistic regression were performed to 
identify potential factors associated with an increased risk 
of COVID-19 infection, and odds ratios (OR) along with 
95% confidence intervals (CI) were calculated. The good-
ness-of-fit of the logistic regression models were assessed 
via Hosmer and Lemeshow test. Cox proportional-hazards 
regression was conducted to investigate the association of 
variables of interest with time to COVID-19 infection, and 
the results were expressed as hazard ratios (HR) with 95% 
CI. The adequacy of the Cox regression model was assessed 
via checking the proportional hazards assumption by cumu-
lative sums of martingale residuals over follow-up times 
or covariate values. For both logistic and Cox regression 
models, Firth’s penalised likelihood approach was applied 
to reduce bias in parameter estimates. NAbs levels between 
immunotherapy groups were compared using one-way 
analysis of variance with post-hoc Bonferroni correction. 
Statistical significance was set at p < 0.05.

Results

Study population

Two hundred and one patients who completed at least 2 
doses of SARS-CoV-2 mRNA vaccination met the inclu-
sion criteria—125 (62.2%) MS, 65 (32.2%) AQP4-NMOSD 
and 11 (5.5%) MOGAD, the proportions of which were 
consistent with recent local disease epidemiological data 

[14]. Fifty-four (26.9%) patients were on anti-CD20s and 
S1PRMs, 51 (25.4%) on DMARDs, 20 (10.0%) on IRTs, 
22 (10.9%) on other DMTs, and 54 (26.9%) were not on 
immunotherapy. Prior to the study end date, 176 patients 
(87.6%) had received V3 (Pfizer BioNTech 144/176 [81.8%]; 
Moderna 32/176 [18.2%]) at a median of 24.3 weeks (inter-
quartile range [IQR] 20.9–27.5) from V2, while 8 individu-
als had taken V4. Figure 1 illustrates the bar chart of the 
number of patients who received V3 by month within the 
study cohort.

COVID‑19 infections

Forty-seven COVID-19 infections occurred during the 
study period. Figure 1 shows the number of infections strati-
fied by month—4 infections occurred in January 2022, 21 
in February, 17 in March, and 5 in April. This mirrored 
the infection rates in the Singaporean population during 
the Omicron subvariant BA.1/2 wave that began in early 
January 2022, peaking towards the end of February with 
a 7-day rolling average of over 18,000 new cases, before 
declining and reaching a nadir in end April [10, 11]. Forty-
five (95.7%) infected patients had mild infections while 2 
(4.3%) had infections of moderate severity—both patients 
were on Rituximab at V1 receipt and at the time of infection; 
1 of whom was hospitalised. No patients required oxygen 
supplementation or high-dependency care and all patients 

Fig. 1   SARS-CoV-2 mRNA vaccinations and COVID-19 infections 
in the study cohort by month. Blue: number of V3 received within the 
cohort from September 2021 (the earliest receipt of V3 was on 20th 
September 2021) till April 2022. Red: number of COVID-19 infec-
tions during the study period (i.e. 1st January to 30th April 2022). 
Boxed inset: 7-day rolling average of new infections in Singapore 
during the study period (data obtained from references 10 and 11 
with permissions). V3 third mRNA vaccination
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recovered. Three patients received antiviral medication (i.e. 
Paxlovid); 2 with mild infections and 1 with infection of 
moderate severity. Fourteen (29.8%) of the infected patients 
were on anti-CD20s—10 were on Rituximab and 4 on Ocre-
lizumab, with a median duration from last infusion to infec-
tion of 17.3 weeks (IQR 11.1–24.4). Four (8.5%) infected 
patients were on S1PRMs (all on Fingolimod). In total, one 
third (18/54) of all patients on anti-CD20s and S1PRMs 
were infected. The clinical details of infected and uninfected 
patients are tabulated in Table 1.

Protective and risk factors for COVID‑19 infection

To identify factors associated with an increased risk of 
COVID-19 infection, we performed univariate logistic 
regression using COVID-19 infection as a binary outcome 
with the clinical parameters as independent variables. 
This revealed that the non-receipt of V3 was significantly 
associated with COVID-19 infection (OR 5.401, 95% CI 
2.252–12.95, p = 0.0002), while a trend towards signifi-
cance was observed for immunotherapy group (omnibus 
p = 0.099), female gender (OR 3.092, 95% CI 0.781–12.24, 

Table 1   Demographic and clinical characteristics of the study population, with univariate logistic regression of these characteristics (independ-
ent variables) for COVID-19 infection (outcome)

* Data available for 58 patients: 19 infected and 39 uninfected. **Data available for 53 patients: 12 infected and 41 uninfected. ***Data available 
for 99 patients: 27 infected and 72 uninfected. The number of patients in the ‘Detectable NAbs response within 2–16 weeks post V2’ analysis 
was lesser than the number of patients in both the ‘2–6 weeks post V2’ and ‘8–16 weeks post V2 inhibition %’ analyses combined because some 
patients had NAbs measured at both the ‘2–6 weeks’ and ‘8–16 weeks’ time points but they contributed to only one data point for the ‘Detect-
able NAbs response within 2–16 weeks post V2’ analysis
Anti-CD20s anti-CD20 therapies, AQP4-Ab NMOSD aquaporin-4-antibody Neuromyelitis Optica Spectrum Disorder, DMARDs disease-modi-
fying anti-rheumatic drugs, DMTs disease-modifying therapies, EDSS expanded disability status scale, IQR inter-quartile range, IRTs immune 
reconstitution therapies, MOGAD myelin oligodendrocyte glycoprotein-antibody associated disease, MS multiple sclerosis, NAbs neutralising 
antibodies, S1PRMs sphingosine-1-phosphate receptor modulators, V1 first mRNA vaccination, V2 second mRNA vaccination, V3 third mRNA 
vaccination

Variable Infected
(n = 47)

Uninfected
(n = 154)

Univariate logistic regression
(outcome: infection)

Event vs. reference level Odds ratio (95% CI) p value Omnibus
p value

Age, years (median [IQR]) 39.2 (32.3– 46.1) 44.0 (32.8– 55.4) – 0.981 (0.984–1.017) 0.118
Female, no. (%) 45 (95.7) 132 (85.7) Female vs. male 3.092 (0.781–12.24) 0.108
Diagnosis – – – – – 0.570
 MS, no. (%) 32 (68.1) 93 (60.4) – – –
 AQP4-Ab NMOSD, no. (%) 14 (29.8) 51 (33.1) AQP4-NMOSD vs. MS 0.810 (0.398– 1.649) 0.561
 MOGAD, no. (%) 1 (2.1) 10 (6.5) MOGAD vs. MS 0.411 (0.066– 2.566) 0.341

EDSS ≥ 6, no. (%) 7 (14.9) 28 (18.2) EDSS ≥ 6 vs. EDSS < 6 0.809 (0.332–1.970) 0.640
Immunotherapy group – – – – – 0.099
 Anti-CD20s, S1PRMs, no. 

(%)
18 (38.3) 36 (23.4) Anti-CD20s, S1PRMs vs. Nil 1.917 (0.807– 4.555) 0.140

 DMARDs, no. (%) 6 (12.8) 45 (29.2) DMARDs vs. Nil 0.540 (0.188– 1.556) 0.254
 IRTs, no. (%) 7 (14.9) 13 (8.4) IRTs vs. Nil 2.102 (0.682– 6.477) 0.196
 Other DMTs, no. (%) 5 (10.6) 17 (11.0) Other DMTs vs. Nil 1.189 (0.366– 3.865) 0.774
 Nil, no. (%) 11(23.4) 43 (27.9) – – –

Received Pfizer-BioNTech 
vaccine for V1 and V2, no. 
(%)

41 (87.2) 135 (87.7) Pfizer-BioNTech vs. Moderna 0.919 (0.348– 2.425) 0.865

Not received V3, no. (%) 14 (29.8) 11 (7.1) Not received vs. received 5.401 (2.252–12.95) 0.0002
Neutralising antibodies – – – – –
 2–6 weeks post V2, inhibi-

tion % (median [IQR])*
18.2 (0–94.3) 67.5 (20.9–96.1) – 0.988 (0.974– 1.003) 0.109

 8–16 weeks post V2, inhibi-
tion % (median [IQR])**

85.1 (10.3–96) 82.3 (22.1–94.1) – 1.000 (0.984– 1.017) 0.991

 Detectable NAbs response 
within 2–16 weeks post 
V2 (i.e. ≥ 30% inhibition), 
no. (%)***

16/27 (59.3) 50/72 (69.4) Detectable NAbs response vs. 
negative response

0.639 (0.257– 1.593) 0.337
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p = 0.108), and NAbs levels 2–6 weeks post V2 (median 
[IQR]; infected 18.2% [0.0–94.3] versus uninfected 67.5% 
(20.9–96.1); OR 0.988, 95% CI 0.974–1.003, p = 0.109) 
(Table 1). When stratified by immunotherapy groups, NAbs 
levels at 2–6 weeks post V2 were lower in individuals on 
anti-CD20s and S1PRMs compared with patients on other 
immunotherapies and untreated patients (Fig. 2a); a similar 
observation was made at 8 to 16 weeks after V2 (Fig. 2b).

To further delineate the effect of non-receipt of V3 on 
COVID-19 infection, we proceeded with multivariable 
logistic regression, adjusting for gender and immunother-
apy group, and confirmed that not receiving V3 was a sig-
nificant independent risk factor for infection (adjusted OR 
4.377, 95% CI 1.742–11.00, p = 0.002) (Table 2). We did not 

include NAbs levels (at 2–6 weeks post V2) in this model-
ling as only over a quarter of patients had NAbs measure-
ments performed, in addition, multicollinearity was likely to 
be present between NAbs levels and immunotherapy group.

While V3 appeared to be a protective against infection, 
it was possible that those who received V3 managed to do 
so because they did not get COVID-19 infection during the 
study period (i.e. confounding by indication bias). However, 
this was unlikely as 58.5% (103/176) of the study cohort had 
received V3 before the start of the study period. To further 
address this potential bias, we calculated the crude cumu-
lative risk of patients who had received only V2 (n = 25) 
versus those who had V3 (n = 176). For those who had only 
V2, the time-at-risk for infection was from V2 to infection 

Fig. 2   Mean NAbs levels after V2 and V3, stratified by immuno-
therapy groups. Lower NAbs levels were observed in patients on anti-
CD20s and S1PRMs at (a) 2–6 weeks post V2, (b) 8–16 weeks post 
V2, and (c) 2–16  weeks post V3, compared with patients on other 
immunotherapies and without immunotherapy. Dashed line indicates 
30% inhibition; values at or above this indicate a detectable NAbs 
response as specified by the assay manufacturer. ****p < 0.0001 by 

Bonferroni post hoc test after one-way analysis of variance. Error 
bars represent standard deviation. Anti-CD20s anti-CD20 therapies, 
DMARDs disease-modifying anti-rheumatic drugs, DMTs disease-
modifying therapies, IRTs immune reconstitution therapies, NAbs 
neutralising antibodies, S1PRMs sphingosine-1-phosphate receptor 
modulators, V2 second mRNA vaccination, V3 third mRNA vaccina-
tion

Table 2   Multivariable logistic 
regression modelling for 
COVID-19 infection

Overall model p value = 0.0007. Model performance was assessed via Hosmer and Lemeshow goodness-
of-fit test (p value = 0.949)
Anti-CD20s anti-CD20 therapies, DMARDs disease-modifying anti-rheumatic drugs, DMTs disease-modi-
fying therapies, IRTs immune reconstitution therapies, S1PRMs sphingosine-1-phosphate receptor modula-
tors, V3 third mRNA vaccination

Variable Multivariable logistic regression (outcome: infection)

Event vs. reference level Odds ratio (95% CI) p value Omnibus
p value

Female Female vs. male 2.549 (0.641–10.13) 0.184
Immunotherapy group – – – 0.253
 Anti-CD20s, S1PRMs Anti-CD20s, S1PRMs vs. Nil 1.840 (0.748–4.527) 0.193
 DMARDs DMARDs vs. Nil 0.611 (0.207–1.805) 0.065
 IRTs IRTs vs. Nil 1.688 (0.505–5.639) 0.489
 Other DMTs Other DMTs vs. Nil 1.561 (0.466–5.226) 0.604

Non-receipt of V3 Not received vs. received 4.377 (1.742–11.00) 0.002
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for infected patients, while this was from V2 to 30th April 
2022 (i.e. censored at the study end date) for uninfected indi-
viduals. In those who received V3, the time-at-risk for infec-
tion was from V3 to infection for infected patients, and for 
uninfected patients, this was from V3 to 30th April 2022 or 
to V4 (if V4 was given within the study period), whichever 
came first. This analysis revealed that in patients who had 
only V2, there were 14 infections in 642.1 person-weeks (i.e. 
21.8 [95% CI 10.4–33.2] infections/1000 person-weeks). 
In contrast, in those who had received V3, 33 infections 
occurred in 2895.9 person-weeks, translating to 11.4 (95% 
CI 7.5–15.3) infections/1000 person-weeks. If the crude 
cumulative risk after V3 was assumed to be similar to that 
after V2, an estimated 63.1 infections (95% CI 30.1–96.2) 
infections would have occurred during the time-at-risk post 
V3, however only 33 infections occurred. Therefore, the pro-
tective effect of V3 as elucidated from our regression models 
was unlikely to be confounded by indication bias.

Time to COVID‑19 infection

Although there seemed to be an overall effect of immuno-
therapy group on COVID-19 infection (Table 1), our analy-
sis did not demonstrate any particular immunotherapy group 
(referenced to no immunotherapy) to have an increased 
risk of COVID-19 infection during the Omicron subvari-
ant BA.1/2 wave. However, it was possible that certain 

immunotherapies may predispose patients to earlier infec-
tion. To investigate this, we performed Cox proportional-
hazards regression using COVID-19 infection as the event 
and the various clinical parameters as independent vari-
ables. We restricted our analysis to only patients who had 
received V3 (i.e. a standardised start point) and had no 
change in immunotherapy from V1 through to V3 to ensure 
consistency in immunotherapy exposure at all vaccination 
time points. A total of 157 patients were included in this 
analysis; 30 were infected and 127 uninfected. Time-at-
risk of infection was defined as such: for infected patients, 
this was from V3 to infection; for uninfected patients, this 
was from V3 to 30th April 2022 or to V4 (if V4 was given 
within the study period), whichever came first. Univariate 
Cox regression revealed that patients on anti-CD20s and 
S1PRMs had a faster time to infection after V3 (HR 3.201, 
95% CI 1.150–8.907, p = 0.026) (Table 3); this remained 
significant after adjusting for age (adjusted HR 3.200, 
95% CI 1.189–9.269, p = 0.022). In 48 patients who had 
NAbs levels measured at 2–16 weeks after V3, a detect-
able NAbs response (i.e. ≥ 30% inhibition) appeared to be 
associated with a longer time to infection (HR 0.464, 95% 
CI 0.182–1.183, p = 0.108), however, the underlying propor-
tional hazard assumption was not satisfied due to the small 
sample size. Similar to observations made after V2, NAbs 
levels at 2–16 weeks post V3 were lower in individuals on 

Table 3   Univariate Cox regression for time to infection post V3 in 157 patients (30 infected, 127 uninfected) who had no change in immuno-
therapy group from V1 through to V3

* Data available for 48 patients: 5 infected and 43 uninfected. For the 5 infected patients, there was no correlation between NAbs levels and time 
to infection (r =  – 0.226, p = 0.715)
The adequacy of the Cox regression model was assessed via proportional hazard assumption by Kolmogorov-type supremum test of 1000 simu-
lated patterns. Only ‘Detectable NAbs response within 2–16 weeks post V3’ variable could not satisfy the underlying assumption which was due 
to the small sample size

Variable Univariate Cox regression
(outcome: time to infection post V3)

Event vs. reference level Hazard ratio (95% CI) p value Omnibus
p value

Age Year 0.978 (0.952–1.004) 0.103
Female Female vs. male 2.198 (0.589–8.198) 0.241
Diagnosis – – – 0.642

AQP4-Ab NMOSD vs. MS 0.745 (0.330–1.682) 0.479
MOGAD vs. MS 0.541 (0.099–2.949) 0.477

EDSS EDSS ≥ 6 vs. EDSS < 6 1.025 (0.422–2.490) 0.956
Immunotherapy group – – – 0.059

Anti-CD20s, S1PRMs vs. Nil 3.201 (1.150–8.907) 0.026
DMARDs vs. Nil 0.853 (0.249–2.920) 0.800
IRTs vs. Nil 1.419 (0.299–6.738) 0.660
Other DMTs vs. Nil 1.956 (0.530–7.226) 0.314

Detectable NAbs response within 2 – 
16 weeks post V3 (i.e. ≥ 30% inhibition)*

Detectable NAbs response vs. nega-
tive response

0.464 (0.182– 1.183) 0.108
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anti-CD20s and S1PRMs compared with those on other 
immunotherapies or not on immunotherapy (Fig. 2c).

As patients on DMARDs, IRTs and other DMTs did not 
have a shorter to infection (as compared to patients not on 
immunotherapy), we combined these 3 treatment groups into 
a single group (termed ‘all others’) and proceeded with uni-
variate Cox regression to compare time to infection between 
patients on (1) anti-CD20s and S1PRMs, (2) ‘all others’, and 
(3) no immunotherapy. This showed that patients on ‘all oth-
ers’ treatments (HR 0.342, 95% CI 0.155–0.758, p = 0.008) 
and patients with no immunotherapy (HR 0.314, 95% CI 
0.114–0.859, p = 0.024) had longer time to infection, com-
pared with individuals on anti-CD20s and S1PRMs (Fig. 3). 
When referenced to patients without immunotherapy, the 
HR for patients on anti-CD20s and S1PRMs was 3.189 
(95% CI 1.164–8.738, p = 0.024); this was 3.324 (95% CI 
1.208–9.145, p = 0.020) after adjusting for age. There was 
no difference between patients with no immunotherapy ver-
sus ‘all others’ (HR 1.092, 95% CI 0.385–3.098, p = 0.869).

Discussion

In this study, we evaluated the incidence and factors associ-
ated with COVID-19 infection in vaccinated patients with 
MS, AQP4-Ab NMOSD and MOGAD during the Omicron 
subvariant BA.1/2 wave in Singapore. Consistent with obser-
vations made in the Singaporean populace [10, 11], we noted 
a corresponding surge in new infections within our patient 

cohort. Our previous study of vaccinated patients during the 
Delta variant wave showed a cumulative infection incidence 
of 5.2% (19 infections in 365 patients) over a 4-month period 
(from September to December 2021) [12], while this was 
23.4% (47 infections in 201 patients) (p < 0.001, chi-square 
test) for the Omicron BA.1/2 wave over a similar duration. 
More infections occurred in spite of the fact that a higher 
proportion of patients had already received V3 during the 
Omicron BA.1/2 wave (87.6%, 176/201) compared with dur-
ing the Delta variant wave (47.1%, 172/365) (p < 0.001, chi-
square test). Our result is similar to the CovaXiMS cohort 
in Italy (which delineated infections during the Omicron 
and Delta waves) where the Omicron variant was found to 
increase the risk of infection by about 6 times above that 
during the Delta variant wave [7]. While the Omicron vari-
ant appeared to be highly transmissible and infective, it 
is reassuring that most infections in our cohort were mild 
(45/47 [95.7%]), in keeping with observations from MS 
patient cohorts worldwide [7, 15]. Indeed, for our patients on 
anti-CD20s (which have been reported to have an increased 
risk of severe infections during previous infection waves) 
[16], 85.7% (12/14) were mild infections.

Several of our findings also mirror those made in the Ital-
ian CovaXiMS cohort, chiefly amongst them, the demonstra-
tion that the receipt of V3 was protective against infection 
during the Omicron subvariant BA.1/2 wave. This is impor-
tant from a public health perspective as it provides evidence 
to support the current strategy of continued vaccinations to 
prevent infections (and indeed severe infections) in patients 
with neuroinflammatory diseases, especially those who are 
immunocompromised, even as new (sub)variants emerge. 
Secondly, while there is female preponderance in MS and 
AQP4-Ab NMOSD, we observed that a higher proportion 
of females were infected during the Omicron BA.1/2 wave 
compared with the Delta variant wave; 95.7% (45/47) versus 
68.4% (13/19, data from our previous study of the Delta 
wave) (p = 0.006, Fisher’s exact test) [12]. This was likewise 
observed in the CovaXiMS cohort in which 74.5% (73/98) 
of those infected during the Omicron wave were female, in 
contrast to 54.5% (18/33) during the Delta wave [7]. It is not 
yet fully understood whether sex-based biological factors are 
determinants of Omicron infection, much less in individuals 
who are vaccinated and/or are on immunomodulatory medi-
cations. Social factors such as the rate of contacts follow-
ing relaxation of COVID-19 social restrictions and health-
seeking behaviour may also contribute to gender differences 
in infection incidence during the Omicron wave [17, 18]. 
Lastly, we noted that age, higher disability, and mRNA vac-
cine brand did not have any effect on the risk of Omicron 
infection, as reported likewise in the CovaXiMS cohort [7].

We observed that patients on anti-CD20s and S1PRMs 
had a shorter time to Omicron subvariant BA.1/2 infec-
tion even after V3 (compared with patients on other 

Fig. 3   Kaplan–Meier survival curves showing the time to Omicron 
BA.1/2 infection after V3 across the 3 immunotherapy groups: (1) 
anti-CD20s and S1PRMs; (2) ‘all others’ (DMARDs, IRTs, other 
DMTs); and (3) no immunotherapy. Patients on anti-CD20s and 
S1PRMs had a shorter time to infection compared with the other 2 
groups. HRs indicated are from univariate Cox regression with the 
anti-CD20s and S1PRMs group as reference. Anti-CD20s anti-CD20 
therapies, DMARDs disease-modifying anti-rheumatic drugs, DMTs 
disease-modifying therapies, HR hazard ratio, IRTs immune reconsti-
tution therapies, S1PRMs sphingosine-1-phosphate receptor modula-
tors, V3 third mRNA vaccination
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immunotherapies or not on immunotherapy), although 
they did not have a higher cumulative infection incidence 
throughout the entire duration of the Omicron BA.1/2 wave. 
These results are similar to the CovaXiMS study which 
showed shorter time to Omicron infection after V2 in anti-
CD20s treated patients while demonstrating a decrease in the 
proportion of infected patients on anti-CD20s (Delta: 48.5%, 
Omicron 36.7%) and Fingolimod (Delta: 18.2%, Omicron: 
8.2%) during the Omicron wave [7]. These lines of evi-
dence imply that patients on other immunotherapies are also 
acquiring Omicron infections, albeit later. This is likely to be 
explained by the reduced/waning protective effect of post-
vaccination immune responses (developed against previous 
variants) against Omicron infection [19]. Post-vaccination 
humoral response can be assessed by measuring the levels 
of receptor-binding domain (RBD) or neutralising (NAbs) 
antibodies. The CovaXiMS study showed that while higher 
RBD antibody levels (measured at 4 weeks post V2) were 
still associated with reduced infection risk during the Omi-
cron wave, this protective effect was decreased by ~ 40% [7], 
suggesting that antibody response may be a less important 
determinant of infection during the Omicron wave compared 
with previous waves. We observed lower NAbs levels meas-
ured at 2–6 weeks post V2 in infected patients (versus unin-
fected) although this was not statistically significant, likely 
due to the small sample size (~ 30% of the cohort had NAbs 
measured at this time point). There was no difference in 
NAbs levels measured at a later time point, i.e. 8–16 weeks 
post V2, stratified by infection status. To date, no antibody 
threshold has been identified to confer absolute protection 
from COVID-19 infection and this is unlikely to be as the 
pandemic continues, in view of waning humoral response 
over time (and indeed at the time of infection) and the role of 
other immune components (e.g. T cell-mediated processes), 
modified by host biological factors and social considerations 
as specified above.

Our study’s main limitation is the small number of 
infected cases which limited the power of the study. Sec-
ond, we were not able to comprehensively sample the whole 
study cohort to assess their NAbs responses, particularly 
post V2, which was in part due to restrictions on clinical 
and research visits during that phase of the COVID-19 pan-
demic. This precluded the robust inclusion of NAbs lev-
els into our statistical models. Similarly, we did not assess 
post-vaccination T-cell immune responses which would have 
added clarity to its protective contribution against Omicron 
infection. The presence of a control group of unvaccinated 
patients to compare the effects of the Omicron BA.1/2 wave 
would have been informative; however, this was unavailable 
due to the high rate of SARS-CoV-2 vaccination within the 
Singaporean populace (~ 91% of the population had received 
V2 at the start of the study period) and amongst our patients 
[11]. There are several strengths in our study. We had strict 

criteria for patients to be ascribed to immunotherapy groups 
so that we could delineate the effect of treatment on infec-
tion and the inclusion of a follow up period allowed robust 
data capture, particularly with regards to infection status. 
Other notable strengths include the analysis of AQP4-Ab 
NMOSD and MOGAD patients which meant that the effect 
of DMARDs could be evaluated. Finally, the fact that Sin-
gapore is a small, densely populated city state reduced the 
variability in the degree of viral exposure amongst individu-
als in the study.

The COVID-19 epidemic has now transitioned to an 
endemic phase, and with this, the emergence of more (sub)
variants, e.g. Omicron subvariants BA.4/5, BQ.1, XBB. 
In Singapore, bivalent vaccines that target several Omi-
cron subvariants are now available as booster vaccinations. 
Recent reports have demonstrated that these bivalent vac-
cines conferred additional protection against symptomatic 
SARS-CoV-2 infection during the circulation of BA.4/BA.5 
in the United States, compared with monovalent vaccines 
alone [19]. Future studies are required to determine if the 
protective efficacy of these newer vaccines extend to patients 
on immunosuppressive therapies.
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