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ARTICLE INFO ABSTRACT

Keywords: Background: There is no data regarding COVID-19 in Multiple Sclerosis (MS) and neuromyelitis optica spectrum

multiple sclerosis
NMOSD
COVID-19
registries

disorder (NMOSD) patients in Latin America.
Objective: The objective of this study was to describe the clinical characteristics and outcomes of patients
included in RELACOEM, a LATAM registry of MS and NMOSD patients infected with COVID-19.

Latin America

Methods: RELACOEM is a longitudinal, strictly observational registry of MS and NMOSD patients who suffer
COVID-19 and Dengue in LATAM. Inclusion criteria to the registry were either: (1) a biologically confirmed
COVID-19 diagnosis based on a positive result of a COVID-19 polymerase chain reaction (PCR) test on a naso-
pharyngeal swab; or (2) COVID-19-typical symptoms (triad of cough, fever, and asthenia) in an epidemic zone of
COVID-19. Descriptive statistics were performed on demographic and clinical variables. The cohort was later
stratified for MS and NMOSD and univariate and multivariate logistic regression analysis was performed to
identify variables associated with hospitalizations/intensive critical units (ICU) admission.

Results: 145 patients were included in the registry from 15 countries and 51 treating physicians. A total of 129
(89%) were MS patients and 16 (11%) NMOSD. 81.4% patients had confirmed COVID-19 and 18.6% were
suspected cases. 23 (15.8%) patients were hospitalized, 9 (6.2%) required ICU and 5 (3.4 %) died due to COVID-
19. In MS patients, greater age (OR 1.17, 95% CI 1.05 — 1.25) and disease duration (OR 1.39, 95%CI 1.14-1.69)
were associated with hospitalization/ICU. In NMOSD patients, a greater age (54.3 vs. 36 years, p=<0.001),
increased EDSS (5.5 vs 2.9, p=0.0012) and disease duration (18.5 vs. 10.3 years, p=0.001) were significantly
associated with hospitalization/ICU.

Conclusion: we found that in MS patients, age and disease duration was associated with hospitalization and ICU

admission requirement, while age, disease duration and EDSS was associated in NMOSD.

1. Introduction

Coronavirus disease (COVID-19) is caused by SARS-CoV-2 (severe
acute respiratory syndrome coronavirus 2). The first cases were reported
in Wuhan City, China, in late December 2019 producing an epidemic
illness that spread rapidly throughout the world and was declared a
pandemic by the World Health Organization (WHO) on March 11th,
2020 (WHO, 2020Db).

Multiple sclerosis (MS) and neuromyelitis optica spectrum disorder
(NMOSD) patients treated with disease-modifying therapies (DMTs) are
more vulnerable to infections and their serious complications than the
general population (Winkelmann et al., 2016). According to our current
knowledge, DMTs could predispose MS patients to a higher risk of either
community-acquired or opportunistic infections (Grebenciucova and
Pruitt, 2017; Luna et al., 2020). Traditional immunosuppressive treat-
ments and the emerging NMOSD treatments are also associated with an
increased risk of infections (viral and bacterial) (Holmoy et al., 2020).
Based on this background, it would be reasonable to hypothesize that
these therapies may increase the risk of COVID-19 infection predispos-
ing towards a severe infection and worse outcomes (Brownlee et al.,
2020). On the other hand, SARS Cov 2 being an emerging pathogen, the
need for data on the impact of this particular virus on these patients
grew up rapidly. Different scientific societies worldwide are trying to
explain and determine the characteristics of COVID-19 in people with

MS and NMOSD (Giovannoni et al., 2020; Louapre et al., 2020a; MSIF,
2020). As an attempt to gather information from many countries and
regions, the MS International Federation and the MS Data Alliance,
acting under the umbrella of the European Charcot Foundation, coor-
dinated an initiative with multiple data and analytical partners to
establish a global data-sharing initiative to investigate COVID-19 in
people with MS (Peeters et al., 2020). Despite previous initiatives, there
is currently a lack of information about COVID-19 in patients from Latin
America (LATAM). The objective of this study was to describe the
clinical characteristics and outcomes of MS and NMOSD patients
included in RELACOEM (Registro Latinoamericano de Covid-19 y
esclerosis multiple), a LATAM registry of MS and NMOSD patients
infected with COVID-19.

2. Methods
2.1. Data collection

RELACOEM is a longitudinal, strictly observational registry of MS
and NMOSD patients infected with COVID-19 in LATAM. The registry is
open to all practicing neurologists and to MS specialists and their teams
in LATAM. It tracks the outcomes in a web-based platform that allows
researchers to enroll and follow up their infected patients. The registry is
facilitated by the Latin American Committee for Treatment and
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Research in MS (LACTRIMS). Patients included in the registry are
required to provide an oral or signed consent form (pending on each
approval) authorizing release of their coded medical information ano-
nymized to the central registry of the COVID-19 and MS global data
sharing initiative (Peeters et al., 2020). Each patient included in this
study was followed up by their treating physician by telephone contact
or video consultation with the patient or family member and in some
cases, face-to-face consultation after discharge for COVID-19. The
incorporated data was requested directly from patients or medical
centers. Patients were enrolled as of March 2020 and the first cut-off for
this analysis was made on August 30™, 2020. A core questionnaire
regarding COVID-19 infection as well as relevant demographic and
neurological information is completed by treating clinicians and shared
into the global platform. For COVID-19 condition, the status reported by
clinicians in the dataset was defined as confirmed, based on a positive
diagnostic test, or suspected, based on clinician judgement of exposure
and/or typical symptoms (Peeters et al., 2020).

2.2. Population of interest

Inclusion criteria for the analysis were MS and NMOSD patients and
at least 1 of the following criteria: (1) a biologically confirmed COVID-
19 diagnosis based on a positive result of a COVID-19 polymerase chain
reaction (PCR) test on a nasopharyngeal swab; (2) Suspected COVID-19
cases according to the WHO definition (WHO, 2020a). The exclusion
criteria for the analysis were MS and NMOSD patients with incomplete
data during follow-up.

2.3. Definition of variables and study endpoints

Age, gender, and ethnicity were collected for included patients. MS
phenotype was grouped into relapsing-remitting MS (RRMS) and pro-
gressive MS (SPMS, PPMS). Treatment for MS or NMOSD was collected
considering the current treatment (if any) and last dose received by the
patient at COVID-19 infection. Disability was assessed by the Expanded
Disability Status Scale (EDSS). Obesity was defined by body mass index
(BMI) >30. Presence of comorbidities includes conditions such as car-
diovascular disease, arterial hypertension, diabetes, chronic liver dis-
ease, kidney disease, other neurological/neuromuscular disorder, lung
disease, or presence of a malignant tumor. Regarding COVID-19 out-
comes, hospitalization, ICU admission, need for artificial ventilation,
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and death were collected. The primary end point was the combination of
hospitalization and/or ICU admission (hospitalization/ICU).

2.4. Statistical analysis

Descriptive statistics were performed on demographic and clinical
variables for the entire cohort. Demographic data were then analyzed
for patients that required hospitalization or ICU. The cohort was later
stratified by MS and NMOSD and univariate and multivariate logistic
regression analysis were performed to identify variables associated with
hospitalizations/ICU in the evaluated cohort. Group comparisons were
performed using the Mann-Whitney U test for numerical and ordinal
variables and the Fisher test or y2 test when appropriate for categorical
variables. Any 2-sided p < .05 was considered statistically significant.
Multivariate logistic regression model was performed to determine
which variables were independently associated with hospitalization/
ICU. Variable selection was done through backward elimination and
forward selection by minimizing Akaike information criterion. Results
were expressed as odds ratios (ORs) and 95% Cls. Data analyses were
performed in Stata 15.1 Software.

3. Results

As of October 1st, 2020, 145 patients were included in the registry
from 15 countries and 51 treating physicians (Fig. 1). Contributions per
country are shown in Table 1. A total of 129 (89%) were MS patients and
16 (11%) NMOSD. The mean (SD) age for the entire cohort was 41 (13)
years, 71.7% were female, median EDSS 4 (range 0-8.5) and 17.3% were
obese. Regarding COVID-19 status, 81.4% were confirmed and 18.6%
were suspected cases. During the evolution, 23 (15.8%) patients were
hospitalized, 9 (6.2%) required ICU and 5 (3.4 %) died due to COVID-19.
Complete baseline aspects of included patients are shown in Table 2.

To estimate the risk of hospitalization/ICU, the cohort was stratified
by MS and NMOSD patients (Table 3 and 4). From 129 MS patients, 15
patients (11.6%) required hospitalization/ICU admission. Older age (OR
1.17, 95% CI 1.05 - 1.25) and longer disease duration (OR 1.39, 95%CI
1.14-1.69) were associated with hospitalization/ICU. There was no as-
sociation between gender (female OR 0.54, 95% CI .016-1.82), RRMS
phenotype (OR 0.89, 95%CI 0.15-5.5), obesity (OR 1.26, 95%CI 0.46-
3.85) and DMT use (OR 0.44, 95%CI 0.03-5.81) with hospitalization/
ICU requirement in the multivariate analysis. We did not observe risk

COUNTRY {=0X PERCENT

Argentina 46.
Aruba
Brazil
Chile
Colombia
Ecuador

El Salvador
Honduras
México

N

Nicaragua
Panama
Paraguay
Rep. Dominicana
Costa Rica
Venezuela

TOTAL

- ONNWUBLAENDO DO

Fig. 1. Patients included in the registry by country.
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Table 1
Baseline characteristics of the entire cohort.

N= 145
Mean age, SD, (range) 41+-13 (18-75)
Female, n (%) 104 (71.7)
Ethnicity, n (%)
Caucasian 55 (38)
Black -
African American 50 (34.5)
Asian 3(2)
Unknown/not reported 37 (25.5)
MS phenotype, n (%)
CIS 32
RRMS 115 (79.3)
SPMS 9(6.2)
PPMS 201.4)
NMOSD 16 (11.1)
Median EDSS, range 4 (0-8.5)
Comorbidity, n (%)
Cerebrovascular disease 2014
Hematological disease 5(3.4)
Coronary heart disease 201.49)
Hypertension 21 (14.5)
Diabetes 8 (5.5)
Chronic liver disease 201.49)
Chronic kidney disease 214
HIV 201.4)
Chronic pulmonary disease 16 (11)
Obesity 25(17.3)
Mean disease duration SD (years) 12.6 +-4.5
Current smoker, n (%) 7 (4.8)
Current MS treatments, n (%)
Interferon 21 (16.2)
Glatiramer acetate 2(1.5)
Fingolimod 30 (23.2)
Dimethyl fumarate 13 (10)
Teriflunomide 12 (9.3)
Cladribine 4(3.1)
Natalizumab 8(6.2)
Ocrelizumab 10 (7.7)
Alemtuzumab 5(3.8)
Rituximab 12 (9.3)
No treatment 12 (9.3)
Current NMOSD treatments n (%)
Azathioprine 2(12.5)
Mofetil mycophenolate 2(12.5)
Rituximab 11 (68.7)
No treatment 1(6.2)
Covid-19 status, n (%)
Suspected 27 (18.6)
Confirmed 118 (81.4)

SD= standard deviation; CIS= clinically isolated syndrome; RRMS= relapsing
remitting multiple sclerosis; SPMS= secondary progressive multiple sclerosis;
PPMS= primary progressive multiple sclerosis; NMOSD= neuromyelitis
optica spectrum disorders; DMT= disease modifying treatment;

association with specific treatments in MS patients (Table 3). No deaths
from COVID-19 occurred in MS patients.

From 16 NMOSD included patients, 9 patients (56%) required hos-
pitalization/ICU admission and 5 patients (31.2%) died from COVID-19.
Due to the low number of patients, a univariate analysis was done to
identify differences between groups.

The hospitalized/ICU admitted patients were older (54.3 vs. 36
years, p <0.001), had a higher EDSS (5.5 vs 2.9, p 0.0012) and longer
disease duration (18.5 vs. 10.3 years, p 0.001) compared to patients that
did not require hospitalization (Table 4). In addition, all deaths occurred
in patients under treatment with Rituximab.

4. Discussion
We describe the largest series to date in LATAM of MS and NMOSD

patients who developed an infection by COVID-19. In our cohort, the
majority patients had a diagnosis confirmed by PCR. COVID-19
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Table 2
Demographic and clinical characteristics of hospitalization, ICU admission and
dead of COVID included patients.

Hospitalization ICU admission Dead
N=23 N=9 N=5
Mean age, SD (years) 50.4+-10 52+4-11 56+-10
Median EDSS (SD) 4+4-2.5 5+-2.3 6+4-1.2
Mean disease duration, 15+-8 17+-3 18+-14
SD (years)
Female, N (%) 16 (70) 7 (77.8) 5 (100)
MS phenotype
RRMS 10 (43.5) 1(11.1) 0
Progressive 4(17.4) 1(11.1) 0
NMOSD 9(39.1) 7(77.7) 5 (100)
Obesity 6 (26.1) 4 (44.4) 2 (40)
Diabetes 4(17.4) 2(22.2) 2 (40)
DMT 15 (65.3) 8 (88.9) 5(100)

SD= standard deviation; RRMS= relapsing remitting multiple sclerosis; SPMS=
secondary progressive multiple sclerosis; PPMS= primary progressive multiple
sclerosis; NMOSD= neuromyelitis optica spectrum disorders; DMT= disease
modifying treatment; ICU= intensive critical unit.

symptom profiles were consistent with those described in the general
population and no deaths were described in MS patients (all the episodes
were identified in NMOSD patients). If we consider the overall mortality
of our cohort (including MS and NMOSD patients), it was slightly
increased compared to COVID-19 mortality in the general population
(PAHO/WHO, 2020). On the other hand, MS patient mortality in our
series was lower compared to another MS patient’s cohort (Louapre
et al., 2020a; Sormani and Italian Study Group on, 2020). During
follow-up, the total number of hospitalized patients and those who
required admission in the ICU was also like previous publications on MS
patients (Louapre et al., 2020a; Sormani and Italian Study Group on,
2020). A multicenter and collaborative French study with 347 MS pa-
tients showed that 21.0% had a COVID-19 severity score of 3 or more,
and 12 patients (3.5%) died of COVID-19 (Louapre et al., 2020a).

We found an increased proportion of hospitalizations in NMOSD
when compared to MS patients. More than half of the included NMOSD
patients were hospitalized and most of them were admitted to UCIL. One
third of NMOSD patients died, all on Rituximab treatment. Reports on
COVID-19 infection in patients with NMOSD are scarce, so it is not
possible to draw definite conclusions regarding the severity of the
infection in these patients. In a previous study in France, out of 15
NMOSD infected patients, 5 patients were hospitalized (all under
treatment with rituximab). Only one patient needed mechanical venti-
lation and no deaths were reported (Louapre et al., 2020b). Iranian
cohort, reported that out of 5 NMOSD infected patients, 3 required
hospitalization and no deaths were reported (Sahraian et al., 2020).

In our cohort, in MS patients the severity of COVID-19 was associated
with older age, higher EDSS and longer disease duration while no as-
sociation was found with others factors such as gender, obesity and DMT
use, neither in general or after stratification by specific treatments.
These finding are in line with results of a study from New York, which
identified older age, presence of comorbidities, progressive disease, and
a non-ambulatory status, but not DMTs, as risk factors for COVID-19
critical illness or related death (Parrotta et al., 2020). In the French
COVISEP study, using a multivariate analyses, author showed that age,
EDSS, male sex and obesity were independent risk factors of severe
forms of COVID-19, but report not association with exposure to DMTs
and the level of immunosuppression (Louapre et al., 2020a). In the
Italian MuSC-19 study, more than 80% of deaths occurred in persons
with advanced disease and disability (median EDSS of 7). Regarding
DMTs and the risk of severe COVID-19, recent large analysis showed that
MS patients treated with anti-CD20 DMTs (rituximab or ocrelizumab),
were at higher risk of more severe COVID-19 compared to other DMTs
(Steve Simpson et al., 2020; Sormani and Italian Study Group on, 2020).
Even in the group of patients with anti-CD20 therapies, the rate of
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Table 3
Risk factors of hospitalization and ICU in MS patients, N=129.
Non hospitalization /ICUN= 114 Hospitalization ICUN=15 P OR 95%CI
Female 69 (60.5) 8(53.3) 0.32 0.54 0.16-1.82
Age 40.3+-13 50.9+-12 0.006 1.17 1.05-1.25
RRMS 107 (82.9) 11 (73.3) 0.22 0.89 0.15-5.5

Median EDSS (SD) 3.5+-2.1 4+4-2.6 0.29 0.23 0.2-3.5
Obese 18 (15.7) 1(6.7) 0.40 1.26 0.46-3.85
Disease duration 9.5-+5 15+-3 0.001 1.39 1.14-1.69
Current smoker 7 (6.1) 0 - - -
DMT 92(94) 14 (93.3) 0.37 0.44 0.03-5.81

SD= standard deviation; RRMS= relapsing remitting multiple sclerosis; DMT= disease modifying treatment; ICU= intensive critical unit

Table 4
Hospitalization and ICU in NMOSD patients, N=16.
Non Hospitalization P OR  95%
hospitalization ICUN=9 CI
/ICUN=7
Female 6 (85.7) 8(88.9) 0.87 - -
Age 36+-3 54+-3 <0.001 - -
Median 3 +-0.5 5.54-1 0.0012 - -
EDSS, SD
Obese 1(14.3) 5 (55.5) 0.09 - -
Disease 10.3+-5 18.5+-5 0.001 - -
duration
Current 0 0
smoker
Azathioprine 1(14.2) 1(11.1) 0.72
MMF 1(14.2) 1(11.1) 0.25
Rituximab 4 (71.6) 7 (77.7) 0.37

SD= standard deviation; NMOSD= neuromyelitis optica spectrum disorders;
ICU= intensive critical unit.

reported deaths is 3% (Mohn et al., 2020). A recent review of all MS
patients and SARS-CoV-2 infection published in the literature so far,
found that the numbers of serious or fatal cases remain surprisingly low
overall. Considering all published cases of MS patients with COVID-19,
the rate of fatal outcome is 4%. Regarding untreated MS patients, of the
83 people for whom the outcome was published, 17% died from
COVID-19 and another 7% needed non-invasive or mechanical ventila-
tion (Mohn et al., 2020). However, careful analysis should be done to
confirm those findings and emphasize the need for more research.

Although a small number of NMOSD patients were included, elderly
patients, increased EDSS and longer disease duration were associated
with hospitalization/ICU admission. These associations were also re-
ported in the French NMOSD and COVID-19 study, as well as all patients
requiring hospitalization being under treatment with rituximab
(Louapre et al., 2020a). This result should be cautiously analyzed
because it is possible that a larger cohort could identify a subgroup of
patients with risk factors that modify the risk of COVID-19. To date, a
few cases of NMOSD patients with COVID-19 infection were reported
(Ciampi et al., 2020; Creed et al., 2020; Fan et al., 2020; Sahraian et al.,
2020). Although it is possible that only the most severe cases of
COVID-19 have been reported in this study, as NMOSD is a rare condi-
tion, it will be difficult to obtain robust data to identify the risk factors
for the severity of COVID-19 infection. Further research to combine
NMSOD cases globally is needed so it would be necessary to share global
data.

To the best of our knowledge, this is the first study conducted in
LATAM evaluating risk of COVID-19 in patients with MS and NMOSD.
We are aware this study has limitations. First, it may include a potential
referral bias toward severe COVID-19 or risk factors in included patients.
Unlike previous studies mentioned above, we did not find a relationship
between the severity of the infection and some comorbidities like
obesity and the exposure to DMTs in patients with MS nor NMOSD. This
could be related to the number of patients included and the frequency of
events used to perform the analysis. Regarding MS patients, it is

important to note that some immunosuppressive treatments, notably
cladribine and alemtuzumab, are not commonly used in LATAM (mainly
due to access and cost problems). Furthermore, therapies targeting IL-6
receptor or C5 complement are not currently approved in LATAM for
NMOSD treatment. Therefore, their potential effect on the cytokine
storm during COVID-19 could not be studied. Also, although it is a large
cohort from LATAM countries it does not necessarily reflect the entire
LATAM population (e.g. there was scarce participation of Brazil in the
study). In addition, the number of patients from some countries was
limited, reducing the statistical power of the analyses and result inter-
pretation. Another limitation of our registry is that information is likely
to comprise a greater proportion of severe cases requiring medical
attention, potentially missing milder cases.

It is important to highlight that RELACOEM is a study carried out
within the framework of a LATAM registry of prevalent infections (and
not only COVID-19) in patients with MS and NMOSD that emerged
during the pandemic. In this way, it sets precedents to begin working in
this direction and to be able to develop longitudinal studies with greater
statistical power from our region.

In conclusion, we found that in MS patients, age and disease duration
were associated with hospitalization and ICU admission requirement,
while age, disease duration and EDSS were associated in NMOSD. DMTs
use was not associated with more severe evolution of COVID-19 infec-
tion. The current data on the cases published so far shows that COVID-19
severity or death rate among MS patients is comparatively low and that
it is probably not the DMTs themselves that pose a risk (Mohn et al.,
2020). Our results are in line with several cohort studies and future
analysis with an increased statistical power will clarify the behavior of
COVID-19 in MS and NMOSD patients from our region.
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