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ARTICLE INFO ABSTRACT
Keywords: Background and objective: The impact of COVID-19 infection and the effect of COVID-19 vaccinations on patients
Multiple Sclerosis with demyelinating central nervous system disease in low middle income countries (LMIC’s) have not been

Non MS disorders
COVID-19 infection
COVID-19 vaccinations

reported in detail earlier. We sought to identify risk factors associated with COVID-19 infection and the role of
vaccination in order to develop management guidelines relevant to our patients.

Disease Methods: A total of 621 patients from our registry that included 297 MS and 324 non MS disorders (Aquaporin- 4
Modifying therapy antibody positive [50], Myelin oligodendrocyte glycoprotein antibody positive [81], seronegative [162] and
Nonspecific immunosuppressants clinically isolated syndrome [31]) were contacted. COVID-19 infection and vaccination status were queried.
Patients who self reported COVID-19 infection based on a positive RT PCR report were compared with non
infected patients to identify factors associated with susceptibility for COVID-19 infection. Univariate and
multivariate analysis of potential risk factors included demographic and clinical features, body mass index (BMI),
presence of comorbidities, absolute lymphocyte count, treatment types and vaccination status.

Results: Sixty seven patients with MS and 27 with non MS disorders developed COVID-19 infection. Among them
81 patients had mild infection and remained quarantined at home. All 13 patients who needed hospitalization
recovered. Vaccination status was known in 582 patients among whom 69.8% had completed or taken one dose
of vaccine at the time of inquiry. Majority of treated patients (61.3%) were on nonspecific immunosuppressants.
In univariate analysis, presence of >1 comorbidity was significantly associated with COVID-19 infection in both
MS (p value 0.01, OR-2.28, 95%CI- 1.18-4.4) and non MS patients (p- 0.001, OR-4.4, 95% CI-1.88-10.24). In the
latter, BMI > 30 (p-0.04, OR-3.27, 95% CI- 0.98-10.87) and EDSS score > 3 (p-0.02, OR- 2.59,95% CI-
1.08-6.23) were other significant associations. History of prior COVID-19 vaccination was associated with
reduced frequency of COVID-19 infection among MS (p- 0.001,0R- 0.24,95% CI- 0.13-0.43) and non MS patients
(p- 0.0001,0R-0.14, 95% CI- 0.058-0.35). In multivariate analysis presence of comorbidities significantly
increased and prior vaccination significantly reduced frequency of COVID-19 infection for both MS and related
disorders. Concurrent disease modifying treatments showed a trend for association with infection. In the un-
vaccinated group, patients on disease modifying treatment were significantly at risk of infection, 81.5% un-
vaccinated and treated versus 18.5% who were unvaccinated and untreated (p- 0.0001, OR-10.1, 95% CI-
0.56-2.11).

Conclusion: Frequency and severity of COVID-19 infection was low among our patient cohort. Higher rate of
infection in the treated group was significantly seen among unvaccinated patients. Our preliminary results
suggests that in LMIC’s, where “off label therapies” with inexpensive immunosuppressives are the main disease
modifying drugs, mRNA vaccinations appear safe and effective against severe COVID-19 infection.

Abbreviations: RRMS, relapsing remitting MS; SPMS, secondary progressive MS; PPMS, primary progressive MS; AQP4-IgG ¥, Aquaporin4 IgG positive; MOGAD,
myelin oligodendrocyte glycoprotein associated disorder; CIS, clinically isolated syndrome; DMT, disease modifying therapy; IS, immunosuppressant; EDSS,
expanded disability status scale. BMI-body mass index; RTX, rituximab; IS, immunosuppressant, AZA-azathioprine; MMF, mycophenolate mofetil.
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1. Introduction

Several studies from high income countries (HICs) have evaluated
the impact of COVID-19 on patients with MS (Berger et al., 2020;
Louapre et al., 2020; Parrotta et al., 2020; Loonstra et al., 2020; Bar-
zegar et al., 2021). While the overall susceptibility to COVID-19 infec-
tion was not found to be higher in patients with MS than the general
population (Berger et al., 2020), some studies showed that patients who
were not on treatment with disease modifying therapy (DMT) for MS
were at greater risk for COVID-19 infection (Louapre et al., 2020).
Several risk factors were identified that were associated with hospital
admissions and intensive care (Louapre et al., 2020; Parrotta et al.,
2020; Loonstra et al., 2020). Overall ~20% of MS patients diagnosed
with COVID-19 infection in HICs were hospitalized among whom ~3%
died (Barzegar et al., 2021). There were fewer studies that looked at the
impact on “non MS” disorders including AQP4-IgG positive neuro-
myelitis optica spectrum disorders (AQP4-IgG+ NMOSD), MOG-IgG
associated disorders (MOGAD) and other monophasic and recurrent
demyelinating disorders. Data from limited patient series suggested a
high risk for severe COVID-19 (Stastna et al., 2021; Alonso et al., 2021)
and higher mortality among NMOSD patients. All deaths occurred in
patients on rituximab, were older and had higher expanded disability
status scale (EDSS)scores and longer duration of disease (Alonso et al.,
2021).Impact of COVID-19 vaccinations in patients with MS and related
disorders has not been studied in detail. Recommendations were based
on available data on the immunology of these disorders, mechanism of
actions of disease modifying drugs and COVID-19 vaccines (Nojszewska
etal., 2021; Coyle et al., 2021). Limited studies on safety (Achiron et al.,
2021) and immune response (Dreyer-Alster et al., 2022) after COVID-19
mRNA vaccine in patients with MS have been published.

2. Prevailing conditions in lower middle income countries
(LMICs) differ vastly from advanced nations

Limited health capacities, human densities, crowded housing and
lack of government resources have challenged community compliance
with shelter at home campaign during the ongoing COVID-19 pandemic.
Due to financial constraints patients rely on generic versions of DMT and
biosimilars. In India, country wide pandemic mitigation strategies
included intermittent lockdowns, mandatory social distancing and
masking in public. COVID-19 vaccinations (Covishield™/ Vaxzerviria,
AstraZeneca and Covaxin / Bharat Biotech which are mRNA vaccines),
were started in January 2021 prioritizing frontline workers, older pop-
ulations and those with comorbidities initially.As per the ministry of
health and family welfare (www.cowin.gov.in), currently 80% of
eligible population (> 15 years of age) are fully vaccinated and another
15% have received at least one dose of the vaccine. In this background
we assessed the impact of COVID-19 infection and the effect of vacci-
nation among our patients, in order to develop guidelines which would
be informative for patient management in LMIC’s.

2.1. Methodology

Six hundred and twenty one patients (51.6%) from our demyelin-
ating disease registry in Southern India(Mangalore demyelinating dis-
ease registry [MANDDIR] (Malli et al., 2021) who are under regular
follow up were contacted. These patients were reviewed telephonically
between August 2020 and December 2021. Patient demographics,
diagnosis, clinical details, medication history, the last recorded EDSS,
comorbidities (smoking, obesity, hypertension, coronary artery disease,
diabetes, other autoimmune disorders) and treatment details were ob-
tained from our data base. Responders were queried about confirmed
COVID-19 infection (at least one positive molecular test -RT- PCR on
nasal and pharyngeal swabs), potential source of exposure, whether
medications were discontinued or modified, specific treatments if any
including hospitalization and outcome. Vaccination status was
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determined. Absolute lymphocyte counted reported within the previous
3 months to our registry and or at the time of COVID-19 infection was
reviewed. Our registry patients had been advised to continue first line
DMT (generic dimethyl fumerate [DMF], teriflunomide or beta inter-
feron [IFN-f]) and nonspecific immunosuppressants (IS) namely generic
versions of mycophenolate mofetil [MMF],Azathioprine [AZA] or rit-
uximab[RTX] biosimilar (Pandit, 2021). We encouraged all patients to
get vaccinated while on DMT, MMF&AZA. For patients on RTX, vacci-
nations were advised towards the end of the infusion cycle and treat-
ment resumed4 weeks after vaccinations (Kelly et al., 2021).In addition,
during COVID-19 infection peaks RTX infusions were postponed or
dosing modified. Since ~ 70% of patients in our registry are dependent
on subsidized medications regularly couriered to their homes or visit our
hospital for infusions, we were able to monitor treatment compliance.

2.2. Statistics

Demographic and clinical features of demyelinating disorders were
recorded from chart reviews. Categorical variables were expressed in
percentages and continuous variables as mean and standard deviations.
Data was compared between patients with and without COVID-19
infection. Univariate logistic regression models were performed on
relevant variables to determine factors associated with susceptibility to
COVID-19 infection. These included current age (<50 versus > 50
years), primary disease duration, gender, body mass index (BMI), EDSS,
associated comorbidities including obesity, tobacco use, hypertension,
diabetes, cardiovascular disease and chronic lung disease and absolute
lymphocyte count. Concurrent disease modifying therapy and vaccina-
tion status was recorded. Therapy was categorized into 3 groups—i: first
line DMT (DMF, teriflunomide and IFN f); ii:RTX and iii:oral IS
(MMF&AZA). Based on these results, multivariate analysis was per-
formed in MS and non MS disorders separately to determine which
variable(s) was independently associated with risk of COVID-19 infec-
tion. Independent variables that showed a p value of < 0.20 were
included in the multivariate analysis (Fragoso et al., 2021). A p value <
0.05 was taken to be significant. Strength of association was expressed
as adjusted odds ratios (OR) and 95%confidence intervals (CI). Analysis
was performed on SPSS statistical software program (IBM, USA).

2.3. Standard protocol approvals, registrations and patient consents

This study was approved by the central ethics committee of Nitte
University and written informed consent was obtained from all partici-
pants in accordance with our registry research protocols.

3. Results

There were 237 patients with relapsing remitting, 49 with secondary
progressive and 11 with primary progressive multiple sclerosis. The non
MS cohort comprised of 50 AQP4-IgG+ NMOSD (Wingerchuk et al.,
2015), 81 MOGAD, 162 double seronegative (supplementary Tablel)
and 31 patients with clinically isolated syndrome (CIS). Live cell based
assay (CBA) (Pandit et al., 2021) and a commercial fixed CBA (Euro-
immun, Germany) were used to test forAQP4-IgG and MOG-IgG,
respectively.

3.1. COVID-19 infection and outcome

Sixty seven patients with MS (22%) and 27 patients with non MS
disorders (8.3%) had confirmed COVID-19 infection. They were mostly
woman (61.7%) and31.8% of patients had > 1 comorbidity. Eight pa-
tients with MS (2.7%) had asymptomatic infection. In both groups
~70% were on treatment either with first line DMT for MS or immu-
nosuppressants for both MS and non MS group (Table 2). Majority of
patients had a known family member with COVID-19 infection (60%),
others had contracted it at the work place (22%), attending social


http://www.cowin.gov.in

L. Pandit et al.

gatherings (10%) and in the remaining 8% the source was unknown.
Symptoms were mild in the majority (82/94) and included fever, cough,
sore throat, anosmia and or ageusia. They were home quarantined and
took symptomatic treatment. Eleven patients had moderate COVID-19
infection and were hospitalized (supplementary Table 2) with high
fever and or dyspnea.Two patients developed severe COVID-19 infection
and remained in intensive care for COVID-19 associated pneumonia.
Only 2/13(15%) admitted patients had been vaccinated. Median period
of hospital stay was 5 days (3-21 days) and all made a good recovery.

Among patients who remained free of COVID-19 infection, 6 patients
with MS and 5 patients with non MS disorders relapsed. While one MS
patient had postpartum relapse, all others were noncompliant with
medications due to pandemic related constraints. They were admitted in
local hospitals for intravenous steroids and reported improvement to
base line.

3.2. MS patients with COVID-19 infection

Demographic and clinical features are listed in Table 1. While
comparing MS patients who had COVID-19 infection with those who
were non infected, in univariate analysis (Table 2) presence of > 1 co-
morbidity was significantly associated (27.7% versus 14.3%,p value
0.01, OR-2.28, 95%CI- 1.18-4.4) with COVID-19 infection.

3.3. Non MS Patients

Among non-MS patients, BMI > 30 (p-0.04, OR-3.27, 95% CI-
0.98-10.87), associated comorbidities(p- 0.001, OR-4.4, 95% CI-
1.88-10.24)and an EDSS score > 3 (p-0.02, OR- 2.59,95% CI- 1.08-6.23)
were significantly associated with COVID-19 infection (Table 2). In
multivariate analysis, presence of > 1 comorbidities (p-0.01, OR 7.55,
95% CI-1.44-39.48) retained significance (Table 3).

3.5. Treatment and effect on frequency of COVID-19 infection

Majority of MS patients (62.2%) were on treatment as follows - oral
IS (47.6%) followed by first line DMT (28%) and rituximab (24.40%). In
multivariate analysis concurrent treatment showed a trend for associa-
tion with infection (p-0.06, OR-2.4, 95%CI- 0.96-6.01). Treatment types
(first line DMT /IS) were evenly distributed between groups. In the non
MS cohort 36.1% were on treatment with either oral IS (91.1%) or RTX
(9.9%). Among the latter, univariate analysis showed a significant
number of infected patients were on concurrent IS therapy (70.4%) as
compared to the non infected group (33.1%) [p- 0.0001,0R 4.79, 95% CI
2.02-11.34]. In multivariate analysis, after adjusting for other param-
eters, those on treatment showed a trend for association (p-0.059, OR
2.8, 95% CI- 0.96-8.58) with COVID-19 infection. There was no asso-
ciation noted between any specific immunosuppressant and frequency

Table 1
Clinical and demographic features.
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of COVID-19 infection.

3.6. Vaccination and effect on frequency of COVID-19 infection among
patients on treatment with immunomodulatory therapy

Vaccination status was known in 582 patients among whom 69.8%
(406) had completed or taken at least one dose of vaccine prior to in-
quiry. Among vaccinated patients, 9.9% (40/406) developed COVID-19
infection which was mostly mild or asymptomatic. Prior history of
vaccination with Covaxin/Covishield vaccine was associated with sig-
nificant reduction in frequency of COVID-19 infection among MS (p-
0.001,0R- 0.24,95% CI- 0.13-0.43). In multivariate analysis vaccinated
status was the most significant factor that influenced susceptibility for
COVID-19 infection among MS (p-0.0001, OR- 0.17, CI -0.08-0.37).
Among non MS patients a similar effect was seen in both univariate (p-
0.0001,0R-0.14, 95% CI- 0.058-0.35) and multivariate analysis (p-
0.0001, OR 0.04, 95%CI- 0.01-0.15). In the unvaccinated group (sup-
plementary Table 3), patients on disease modifying treatment were
significantly at risk of COVID-19 infection, 81.5% unvaccinated and
treated versus 18.5% who were unvaccinated and untreated (p- 0.0001,
OR-10.1, 95% CI-0.56-2.11).

4. Discussion

We evaluated a homogenous cohort of MS and non MS patients from
southern India to determine risk factors associated with contraction of
COVID-19 infection and the effect of vaccination among them. Our study
had several distinctive features. There was real world data obtained
from a demyelinating disease registry in a LMIC and included MS and
non MS disorders such as AQP4+ NMOSD, MOGAD and other related
diseases.Patients received subsidized medications which were mostly
generic form of nonspecific immunosuppressants rather than specific
DMT. Remote monitoring of blood counts and treatment compliance
was possible. Besides, vaccination status was known. Additionally, pa-
tient outcome was relatively good.

All 94 patients who contracted COVID-19 survived. Similar to pre-
vious reports, a higher BMI and coexistence of comorbidities were risk
associations in our patients (Louapre et al., 2020; Parrotta et al., 2020;
Loonstra et al., 2020). Younger age (38.8 + 13.2), a stable disease with
low EDSS (< 3.0) in the majority (63.6%) and low frequency of
comorbidities (4.7%) may have possibly contributed to this good
outcome. In previous publications from HICs most patients were on MS
specific DMT and among them untreated patients had more severe
COVID-19 infection and death (Barzegar et al., 2021). With the excep-
tion of B cell depleting agents (Louapre et al., 2020; Stastna et al., 2021;
Zabalza et al., 2021), treatments were not associated with increased
susceptibility to COVID-19. Most notably vaccination status was not
known in these patients. In our patient cohort, rituximab was prescribed

MS (297) Non MS disorders (324)

RRMS (237) SPMS (49) PPMS(11) AQP4-1gG+(50) MOGAD(81) Seronegative(162) CIS(31)
Gender (Female) 169 24 10 46 40 84 19
Age (Mean & SD) 39.22 + 11.66 30.41 +13.28 37.98 + 14.63 40.1 + 14.7

37.0 £12.13 47.75 + 11.39 41.18 +10.34
Disease Duration (Mean & SD) 9.9 +6.28 16.12 +7.23 11.8 + 4.82 10.38 + 7.55 7.11 +£7.29 7.18 £ 5.24 9.58 + 4.85
EDSS (Mean & SD) 1.85+1.44 5.59 +£1.72 558 £ 1.2 2.75 + 1.86 1.23+1.15 2.02 £2.33 0.89 + 1.04
Treated with DMT/IS (no:) 157 26 2 43 34 40 0
COVID-19 infection (no:) 58 8 1 9 6 9 3
Vaccinated 167 26 11 37 45 103 17

(no:)

In all, 621 patients were contacted including 297 MS (Thompson et al., 2018) and 324 non MS disorders (Table 1).
Abbreviations: RRMS- relapsing remitting MS, SPMS- secondary progressive MS, PPMS- primary progressive MS, AQP4-IgG ' - Aquaporin4 IgG positive, MOGAD-
myelin oligodendrocyte glycoprotein associated disorder, CIS- clinically isolated syndrome, DMT- disease modifying therapy, IS — immunosuppressant, EDSS-

expanded disability status scale. SD- standard deviation.
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Table 2
Risk factors associated with COVID-19 infection- Univariate analysis.
Disease COVID+ COVID-MS p value Odds 95%CI COVID +NON COVID -NON p value Odds 95%CI
MS ratio MS MS ratio
Number 67 230 27 297
Male 24(35.8%) 68(29.5%) 0.33 0.75 0.42-1.33 12(44.4%) 123(41.4%) 0.73 0.87 0.39-1.92
BMI <30 59(91%) 204 0.85 1.09 0.41-2.85 20(74%) 229(94.2%) 0.04 3.27 0.98-10.87
(91.5%)
BMI >30 6(9%) 19(8.5%) 4(26%) 14(5.8%)
Age(Mean+ SD) 39.7 £12.8 38.7 £ 0.6 0.99 0.97-1.01 40.5 £ 15.6 36.2 £ 14.1 0.26 0.97 0.95-1.006
12.5
Age <50 48(71.6%) 180 0.26 1.4 0.76-2.6 19(70.4%) 242(82.3%) 0.12 1.96 0.81-4.71
(78.3%)
Age> 50 19(21.4%) 50(21.7%) 8(29.6%) 52(17.7%)
Disease Duration (Mean+sSD) 11.23 + 10.97 + 0.94 0.99 0.95-1.03 8.56 + 6.82 7.6 £5.5 0.43 0.97 0.91-1.03
7.28 6.63
Comorbidity > 1 18(27.7%) 33(14.3%) 0.01 2.28 1.18-4.4 11(42.3%) 41(14.3%) 0.001 4.4 1.88-10.24
EDSS <3 36(75%) 126 0.07 0.53 0.26-1.08 16(64%) 217(82.2%) 0.02 2.59 1.08-6.23
(61.4%)
EDSS >3 12(25%) 79(38.6%) 9(36%) 47(17.8%)
Treated (All) 47(70.1%) 138 0.14 1.55 0.86-2.78 19(70.4%) 98(33.1%) 0.0001 4.79 2.02-11.34
(60.3%)
Untreated (All) 20(29.9%) 91(39.7%) 8(29.6%) 198(66.9%)
RTX 9(19.1%) 37(26.6%) 0.3 0.65 0.28-1.48 1(5.3%) 7(7.1%) 0.76 0.72 0.08-6.23
Oral IS(AZA,MMF) 21(44.7%) 67(48.2%) 0.67 0.86 0.44-1.68 17(89.4%) 91(92.8%) 0.61 0.65 0.12-3.42
First line DMT 17(36.2%) 35(14.8%) 0.14 1.68 0.83-3.42 - - - - -
Vaccinated 33(49.3%) 171 0.0001 0.24 0.13-0.43 7(25.9%) 195(70.9%) 0.0001 0.14 0.058-0.35
(80.2%)
Unvaccinated 34(50.7%) 42(19.8%) 20(74.1%) 80(29.1%)
Lymphocyte count X1000/ul 1.98 £ 0.96 232+ 0.1 1 1.00-1.001 1.71 + 0.64 2.07 £ 0.88 0.39 1.001 0.99-1.002
(Mean+stdv) 0.91

Abbreviation: BMI-body mass index, EDSS- expanded disability status scale, RTX- rituximab, IS- immunosuppressant, AZA-azathioprine, MMF- mycophenolate mofetil,

DMT- disease modifying therapy.

Table 3

Risk factors associated with COVID-19 infection- Multivariate analysis.
Disease MS Non MS
Variables p value 0Odds ratio 95%CI p value 0Odds ratio 95%CI
Age (<50/ >50 0.53 1.36 0.51-3.59 0.56 1.57 0.33-7.32
Vaccination 0.0001 0.17 0.08-0.37 0.0001 0.04 0.01-0.15
Treatment 0.06 2.4 0.96-6.01 0.059 2.8 0.96-8.58
Comorbidity 0.23 1.87 0.66-5.26 0.01 7.55 1.44-39.48
EDSS<3 />3 0.19 0.54 0.21-1.34 0.46 1.63 0.44-6.08

Abbreviations: BMI- body mass index, EDSS — expanded disability status scale.

in 54/302 treated patients (17.9%), among whom only one unvacci-
nated patient developed severe COVID-19infection. Frequency of
COVID-19 infection was significantly more among treated patients,
61.3% (196/302) of the latter were on nonspecific immunosuppressants
(MMF&AZA) .To our knowledge, they were not on other concurrent or
past medications with potential immune modulatory effect. Both MMF
and AZA are purine synthesis inhibitors which causes immunosuppres-
sion of both T and B cells and known to increases risk of common viral,
bacterial and fungal infections (Sormani et al., 2021; Kimbrough et al.,
2012; Abboud et al., 2020; Mealy et al., 2014). In vivo studies of
MERS-CoV animal models suggest that MMF could be associated with
severe disease especially in those with associated leukopenia (Russell
et al., 2020). Treated patients had no lymphopenia and similar to pre-
vious studies (Zabalza et al., 2021) lymphocyte count did not correlate
with COVID-19 infection.

Real life data on effect of COVID-19 vaccines in patients with
demyelinating disorders and concomitant disease modifying medica-
tions is limited (Achiron et al., 2021). Our study evaluated the clinical
efficacy of COVID-19 vaccination in our patients, majority of whom had
been fully vaccinated . No serious adverse effects were reported after
vaccinations. Frequency of COVID-19 infection was significantly low in

vaccinated patients with both MS and related disorders in this study.
Among vaccinated patients~10% developed mild infection. Despite
taking precautions, most patients contracted COVID-19 from an infected
family member which in part reflects on the limitations for social
distancing within their homes. Further our analysis showed that patient
who were unvaccinated and on treatment were significantly at risk of
COVID-19 infection when compared to vaccinated and treated patients.
Underscoring this point is the fact that among the 13 hospitalized pa-
tients, 11 were unvaccinated. A similar result was reported in a recent
study from China. Among 535 vaccinated patients with NMOSD
concomitant treatment with general immunosuppressants or B cell
depleting therapy did not predispose them to COVID-19 infection (Yin
et al., 2021). Treatment interruption was associated with relapse in a
small number of patients similar to our cohort.

There were several limitations in this study. The number of patients
enrolled was small. Quantification of COVID-19 antibody titres at
baseline and following vaccination was not done to monitor vaccine
efficacy. Some bias may have been introduced inadvertently in corre-
lating recent vaccinations with reduced frequency of COVID-19 infec-
tion. In addition, though our patient database maintains details of
medications concurrently taken or in the recent past, the effect of other
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medications with potential immunomodulatory effect cannot be
completely excluded among those that showed greater vulnerability/
protection from COVID-19 infection. Though our patient number was
modest, in the absence of a national data base for demyelinating dis-
orders in India, studies such as ours may provide a representation of
patient management in LMIC settings during the COVID-19 pandemic.

5. Conclusions

The results of this study suggest that patients on disease modifying
treatment with off label therapies, particularly nonspecific immuno-
suppressants may have increased vulnerability for COVID-19 infection.
Our analysis suggests that COVID-19 vaccinations are safe and signifi-
cantly mitigates the risk of severe infection especially when patients are
on concurrent medications. In the background of the ongoing COVID-19
pandemic we would not only recommend the continuation of these
drugs in patients with stable disease but encourage vaccination against
COVID-19 infection especially for those on disease modifying off label
therapies.
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