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Objective: To study the risk of acquiring Corona Virus Disease 2019 (COVID-19) and its outcomes in patients on
immunosuppressive therapy (IST) for chronic autoimmune neuromuscular disorders (aNMD) and multiple
sclerosis (MS).

Methods: We used TriNetX, a global health collaborative clinical research platform collecting real-time electronic
medical records data, which has one of the largest known global COVID-19 database. We included patients with
chronic autoimmune neuromuscular disorders (aNMD) [myasthenia gravis (MG), inflammatory myositis, and
chronic inflammatory neuropathies (CIN)] and MS, based on the International Classification of Disease-10 (ICD-
10) coding for one year before January 20th, 2020. We examined the use of IST, rate of COVID- 19, hospitali-
zation, intubation, and mortality among the patients with aNMD and MS.

Results: A total of 33,451 patients with aNMD and 42,899 patients with MS were included. Among them, 111
(0.33%) patients with aNMD and 115 patients (0.27%) with MS had COVID-19. About one third of them required
hospitalization. IST did not appear to have a significant impact on overall infection risk in either group; however,
risk of hospitalization for immunosuppressed patients with aNMD was higher (Odds ratio 2.86, p-value 0.011).
Conclusions: IST use does not appear to make patients with aNMD and MS more vulnerable to COVID-19. IST may
be continued during the pandemic, as previously suggested by expert opinion guidelines. However, it is
important to consider individualizing immunotherapy regimens in some cases. Additional physician reported
registry-based data is needed to further confirm these findings.

intubation and even death [2-4]. There is no established treatment for
COVID-19 and vaccine development is in early stages [5].

1. Introduction

A novel coronavirus, severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) causing COVID-19 (Corona Virus Disease 2019)
emerged in December 2019 and soon led to a worldwide pandemic [1].
COVID-19 can be asymptomatic, may cause mild upper respiratory
symptoms, or may lead to multi-system involvement including neuro-
logical manifestations, severe respiratory compromise requiring

Many patients with chronic autoimmune neurological disorders,
such as chronic autoimmune neuromuscular disorders (aNMD) and
multiple sclerosis (MS), require immunosuppression. Whether immu-
nosuppression increases the risk of COVID-19 or has any impact on the
disease outcome remains unclear. As there is a paucity of real-world
data, evidence-based management of patients with chronic aNMD and
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MS has been particularly challenging during this pandemic [6,7].
Consensus guidelines, based largely on expert opinion and experience,
were prepared to help clinicians [8-10]. However, there are no large-
scale data to date reporting the impact of COVID-19 on patients with
chronic autoimmune neurological disorders, in particular those on
immunosuppressive therapy (IST). In this study, we have examined the
risk of COVID-19 and clinical outcomes in patients with aNMD and MS.

2. Methods
2.1. Data source

De-identified patient information was extracted using TriNetX
COVID-19 Research Network platform (www.trinetx.com), which is a
global health collaborative clinical research platform collecting real-
time electronic medical records data from a network of health care or-
ganizations (HCOs) across the USA and some outside the US territories.
HCOs are typically academic medical centers and their affiliates. On
March 24, 2020, TriNetX fast-tracked updates to its real-world data
platform to incorporate specific COVID-19 terminology including the
diagnosis and the World Health Organization (WHO) and Centers for
Disease Control (CDC) specific coding guidelines to support COVID-19
related research. As a result, “COVID-19 Research Network” in Tri-
NetX global network of HCOs represents the one of the largest global
COVID-19 dataset. TriNetX is also being used by the Food & Drug
Administration (FDA) Sentinel Operations Center at the Harvard Pilgrim
Health Care Institute [11,12].

Queries were made through TriNetX using browser and accessing
real-time features. TriNetX does not allow data downloads, or individual
patient data for review. However, the TriNetX platform allows analysis
in the form of queries. The TriNetX platform is described in detail
elsewhere, and several similar studies on COVID-19 using TriNetX have
been published to date [13-17]. At University of Arkansas for Medical
Sciences the data from TriNetX is managed by the Arkansas Clinical Data
Repository (AR-CDR) and maintained by the Department of Biomedical
Informatics.

2.2. Study protocol

The University of Arkansas Institutional Review Board (IRB)
reviewed this study and assigned it an ‘exempt’ status as it is limited to
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global de-identified COVID-19 Research Network data designated for
research use.

The current study included data as of June 15th 2020 in the TriNetX
COVID-19 Research Network. Individuals >18 years of age with a pre-
existing chronic autoimmune neurological disorders which included
multiple sclerosis (MS), and other chronic aNMD (including myasthenia
gravis (MG), chronic inflammatory neuropathies (CIN), or inflammatory
myositis) were identified by using ICD-10 codes G35, G70, G61.8 and
G61.9, G72.49, M60.8 and M60.9 between January 20th 2019 to
January 19th 2020. We then examined the number of patients with a
confirmed diagnosis of COVID-19 in this cohort using ICD-10 codes and
laboratory codes B34.2 Coronavirus infection, unspecified, B97.29
Other coronavirus as the cause of diseases classified elsewhere, which
also includes, U07.1 COVID-19, U07.2 COVID-19, virus not identified
(WHO), J12.81Pneumonia due to SARS-associated coronavirus and
Only positive lab value for 9088 SARS Coronavirus 2 and related RNA
(presence), which includes Logical Observation Identifiers Names and
Codes (LOINC).

We also captured and examined hospitalization, critical care stay,
intubation, and mortality data from the day of diagnosis to one month
after the diagnosis of COVID-19. Details of search criteria using admis-
sion and procedure codes are provided in Fig. 1 as a flow chart.

We examined baseline demographics data and clinical outcomes in
this cohort. Additional details regarding specific use of IST in the past
year were identified using specific medication codes. If any group on the
query had less than ten observations, a specific number could not be
obtained, it was reported as <10 by the software.

These queries were performed independently by two researchers
(SRO and KN) using same search criteria which yielded same results,
with active support from a data scientist at the Arkansas Clinical Data
Repository (AR-CDR). Moreover, direct guidance was obtained from
TriNetX to ensure accuracy of the data.

2.3. Statistical analysis

Descriptive statistics were reported as number of observations and
percentage or mean =+ standard deviation as applicable. To compare the
means between groups unpaired t-test was used. For nominal data chi
squares test was performed. Odds ratio was calculated as applicable. To
reduce false discovery rate, we have used Benjamini-Hochberg correc-
tion [18]. Statistical analyses were performed in SPSS (IBM Corporation)

Identified all patients Age >18 years with autoimmune
NMDs and MS between 01/20/2019 to 01/19/2020

Examined how many of them were on
immunosuppression therapies

On ISTs

How many of them had COVID-19 (based on

ICD-10 diagnosis code) and the outcome of COVID-19
(Hospitalization, ICU stay, intubation, mortality)

Fig. 1. Study flow chart.

Not on ISTs

How many of them had COVID-19 (based on

ICD-10 diagnosis code) and the outcome of COVID-19
(Hospitalization, ICU stay, intubation, mortality)

Flow chart showing the search methodology. IST: Immunosuppressive Therapy, COVID-19: Corona Virus Disease 2019, ICD: International classification of disease,

ICU: Intensive care unit.
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and R software (version 3.5.2, R Foundation for Statistical Computing,
Vienna, Austria).

3. Results

A total 33,451 patients with aNMD and 42,899 patients with MS
were identified. Of these 75,898 patients, 224 patients had COVID-19
(0.29%). Approximately one third (74/224, 33%) required hospitaliza-
tion, and 19 (8.5%) died due to COVID-19 or COVID-19 related com-
plications (Table 1). Of note, there were 452 patients who had both MS
and an aNMD. Two patients with overlap disease had COVID-19 and
were included in both groups for comparative analysis. Excluding pa-
tients with overlap disease did not make any significant difference to the
overall outcome.

The COVID-19 cohort comprised of 111 (0.33%) patients with aNMD
and 115 patients (0.27%) with MS. Patients with aNMD were older and
had a lower percentage of women when compared to MS (Table 2). To
ensure the validity of our finding, we also examined the number of pa-
tients with aNMD and MS for the last 6 months and the last 24 months,
and observed similar odd-ratios (6-month: 1.1, p-value 0.603, 24-month:
1.23, p-value 0.083). Next, we examined the impact of IST on the
outcome of COVID-19 patients. In the aNMD group, patients on immu-
nosuppression were more likely to be hospitalized (OR 2.86, CI
1.27-6.51). Similarly, patients with aNMD who were on additional IST
(any IST but not on steroid) were also more likely to be hospitalized (OR
4.05, CI 1.42-11.58. No other significant differences in clinical out-
comes were identified between those on IST and those not on IST in
either the aNMD or the MS groups. Similarly, no significant impact of
IST was noted between the subgroups of aNMD (CIN, MG, and myositis)
in terms of risk of COVID-19 (Supplementary Table 1).

For patients with autoimmune NMD on different IST, percentage of
COVID-19 ranged between 0% (plasma exchange, deflazacort, eculizu-
mab) to <6.1% (cyclophosphamide) (Supplementary Table 2). For pa-
tients with MS, percentage of COVID-19 varied between 0% (cladribine,
peginterferon beta-1a, siponimod) to <9.1% (mitoxantrone) (Supple-
mentary Table 3).

4. Discussion

Current evidence examining the impact of COVID-19 on patients
with aNMD and MS who are on IST is crucial to implement a safe and
appropriate management strategy. Our findings, despite the inherent
limitations of a large database-based study, can help to address some of
the key knowledge gaps in managing these patients and provide
important insights into possible risk factors and outcomes.

Overall the rate of COVID-19 infection in patients with aNMD and
MS (0.29%) was similar to the rate of reported positive COVID-19 cases
among the total US population (0.48% || 1,584,239/329,986,480) as of

Table 1
Baseline demographics and clinical outcome of patients with chronic autoim-
mune neurological disorders during the COVID-19 pandemic.

Total patients with NMD/MS NMD/MS + COVID-19

Number of patients 75,898 224
Age (years) 53.5 +15.7 55+ 16.8
Woman 52,588(69.3%) 144(64.3%)
Race
White 57,059(75.2%) 132(58.9%)
African American 9206(12.1%) 58(25.9%)
Asian 858(1.1%) 0

Hispanic (ethnicity)
Clinical outcomes

5037 (6.6%) 18(8.0%)

Hospitalization NA 74(33.0%)
ICU NA 27(12.1%)
Intubation NA 11(4.9%)

Death NA 19 (8.5%)

NA-Not applicable.
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Table 2
Comparison demographics and clinical outcomes of COVID-19 patients with
chronic autoimmune neuromuscular disorders and MS.

COVID-19 positive Autoimmune Multiple p-
patients neuromuscular disorders sclerosis value
Number of patients 111/33451 (0.33%) 115/42899 0.107
(0.27%)
Age (years) 58.4+17.5 52 +£15.5 0.003
Woman 62 (56.9%) 83 (72.2%) 0.011
Race
White 61(55.9%) 72 (62.6%) 0.241
African American 29(26.1%) 29 (25.2%) 0.887
Asian 0 0 0.999
Hispanic (ethnicity) 12(10.8%) 4 (3.5%) 0.031
Clinical outcomes
Hospitalization 37 (33.3%) 38 (33.0%) 0.999
ICU 18 (16.2%) <10 (<£8.7%) NA
Intubation <10 (£9.0%) <10 (<8.7%) NA
Death 14 (12.6%) <10 (<8.7%) NA

NA-Not applicable, ICU-Intensive Care Unit, no definitive number could be

obtained for an observation if the total number was below 10.

Table 3

Comparison of COVID-19 patients with autoimmune neuromuscular disorders

and MS based on immunosuppressive therapy use status.

Autoimmune neuromuscular disorders (n = 111) with COVID-19

On Not on p-
immunosuppression immunosuppression value
Number of patients 53/12839 (0.41%) 58/20612 (0.28%) 0.042*
(%)
Age (years) 59.1 £16.3 57.7 £18.7 0.829
Woman 29 (54.7%) 33 (56.9%) 0.823
Clinical outcome
Hospitalization 24 (45.3%) 13 (22.4%) 0.011
ICU 12 (22.6%) 6 (10.3%) 0.079
Intubation <10 (<18.9%) <10 (<£17.2%) NA
Death <10 (<18.9%) <10 (£17.2%) NA
Multiple Sclerosis (n = 115) with COVID-19
On Not on p-
immunosuppression immunosuppression value
Number of patients 42/15859 (0.26%) 73/27040 (0.27%) 0.920
(%)
Age (years) 45.5 +13.7 55.8 + 15.3 0.005
Woman 32 (76.2%) 51 (69.9%) 0.467
Clinical outcome
Hospitalization 10 (23.8%) 28 (38.4%) 0.110
ICU <10 (£23.8%) <10 (< 13.7%) NA
Intubation 0 <10 (£ 13.7%) NA
Death 0 <10 (< 13.7%) NA

Table 3: Baseline demographics and clinical outcome of COVID-19 in patients
with autoimmune neurological disorders based on immunosuppression therapy.
NA: Not applicable, ICU: Intensive Care Unit, * did not remain statistically sig-
nificant after correcting for false discovery, no definitive number could be ob-
tained for an observation if the total number was below 10.

June 15, 2020 [19]. It appeared that IST did not have any differential
impact on COVID-19 risk between aNMD and MS. While relative age and
gender differences between the groups might have played a role, we
could not adjust for such differences, and were only able to report risk
for the group as a whole.

Patients with aNMD who were on immunosuppression were at
greater risk of hospitalization. Factors that we were unable to account
for might have played a role. For example, as about 10-15% of patients
with MG may have uncontrolled disease with bulbar symptoms and
respiratory muscle weakness, [20] it can be hypothesized that these
patients would be more likely to have severe symptomatic COVID-19
secondary to respiratory compromise leading to hospitalization.
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There are controversies regarding the role of IST in MS patients on
the clinical outcome of COVID-19 [7,21-23]. Some have hypothesized a
potential beneficial role of IST. The acute respiratory distress syndrome
(ARDS) associated with COVID-19 can be related to the immune
response triggered by the virus [24], and mild to moderate immuno-
suppression provided by disease modifying therapy (DMT) may be
beneficial to prevent these severe COVID-19 related complications in MS
patients [21,22,25] We did not observe a ‘protective’ effect of immu-
nosuppression among the patients with MS [8,9].

While some medications were associated with a higher rate of
COVID-19 in this cohort, further subgroup analysis was not pursued as
we were unable to correct for other potential confounders (i.e., co-
morbidities, combination immunotherapy) and as such these analyses
would not be valid. Importantly, high intensity immunotherapy regi-
mens are typically reserved for sicker patients and as such may not be a
true indication of their inherent risk but rather a reflection of disease
state. Similarly, combination IST are also used only to address uncon-
trolled disease.

Impact of IST on the risk of COVID-19 and its outcome is not well
studied. Some small scale single center studies on patients with other
immunological disorders and/or immunosuppressed reported possible
higher mortality rate [26] and more frequent hospitalization for patients
on glucocorticoids [27,28]. However, several other single center [29]
and multi-center cohort studies did not find any definitive detrimental
effects of IST in terms of risk of COVID-19 and related complications
[30,31].

Overall, our findings largely reinforce the proposed guidelines by the
expert communities where current IST (with a few exceptions) were
recommended to be continued even during the pandemic [8,23]. Our
study was limited to patients with chronic autoimmune neurological
disorders and intentionally excluded acute autoimmune neurological
disorders, such as Guillain-Barre Syndrome and immune-mediated en-
cephalitis. First, these diseases are either monophasic, or the duration of
treatment can considerably vary. The latter can be associated with an
underlying malignancy, and require additional treatment for cancer
[32-34]. Moreover, the use of immunosuppression in such diseases will
essentially depend on severity of the presentation and having concom-
itant COVID-19 may or may not influence the management plan. We
excluded Lambert-Eaton myasthenic syndrome (LEMS), where the
mainstay of therapy is usually 3,4-Diaminopyridine. Moreover, it also
can be related to underlying malignancy requiring chemotherapy [35].

There are several limitations of this study worth highlighting, and
some of them are inherent to large databases. First, findings are based on
reported data, with accuracy verification not being possible. The entered
diagnosis may not have been accurate; however, such inaccuracies are
likely to be of small scale and unlikely to significantly confound our
findings. Second, there are variations on how COVID-19 was tested and
some of the COVID-19 patients may just be false positive. Such limita-
tions exist in the majority of reports on COVID-19 [22,2.3,36], and this is
probably unavoidable during an ongoing pandemic. Third, we did not
have any data on COVID-19 severity or underlying co-morbidities. We
could not directly assess for respiratory symptoms. Fourth, we could not
make statistical inferences in some cases where the number of obser-
vations were less than 10. The software did not provide a specific
number in those cases. Fifth, this is a database-based study. Detailed
important patient level information, such as severity of NMD, MS,
timing of medication, treatment response, lymphocyte depletion etc.
could not be assessed. Lastly, TriNetX covers a large number health care
organization, but it may or may not include a particular tertiary care
center who are providing care for more serious cases COVID-19. They
may have higher intubation, ICU admission, and death, and there are
reported variations between outcomes of COVID-19 between hospitals
and also countries. While this limitation apparently can falsely reduce
the rate of serious outcomes from COVID-19, overall, this possibility gets
diluted by the inclusion of a big number HCOs providing care to
different communities [37-40].

Journal of the Neurological Sciences 420 (2021) 117230

These findings, albeit important, cannot replace the need for more
controlled longitudinal studies to understand the true impact of COVID-
19 in this complex patient cohort. Such efforts are already underway.
European Academy of Neurology (EAN) Neuro COVID-19 registry [41],
Coronavirus and MS Reporting Database (COViMS), COVID-19 Associ-
ated Risks and Effects in Myasthenia Gravis (CARE-MG) [42,43],
COVID-19 Global Rheumatology Alliance [44] are among the major
databases which are actively gathering data on COVID-19 in this pop-
ulation. The findings from these databases will help to further validate
our observations.

5. Conclusions

Our findings indicate that the majority of patients with chronic
autoimmune neurological disorders likely have mild-to-moderate
COVID-19 and do not require hospitalization. Overall, the impact of
immunosuppression in this cohort appears to be low and suggests that
IST may be continued. The influence of specific immunosuppressive
therapies, baseline autoimmune neurologic disease status/severity, and
other co-morbidities on relative risk and outcome remains unanswered
in this study. Re-thinking what defines a high-risk population and how
this designation might affect their overall medical care are important
considerations as definitive data emerges.
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