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Investigation of the Risk Factors of COVID-19 
Seropositivity and Symptomatic COVID-19 in 
Patients With Multiple Sclerosis

Background and Aim: In the current situation of the COVID-19 pandemic, patients with 
multiple sclerosis (MS) represent a population of particular interest because they may be at 
higher risk of contracting COVID-19. The present study aims to determine the risk factors of 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) seropositivity and symptomatic 
COVID-19 in MS patients, in Qom Province, Iran.

Materials and Methods: In this cross-sectional study, 486 patients diagnosed with MS were 
included in the study. First, the demographic characteristics of patients were collected. Then, the 
patients underwent serology tests for anti-SARS-CoV-2 immunoglobulin G (IgG) antibodies. 
Later, the risk factors for SARS-CoV-2 seropositivity and symptomatic COVID-19 were 
assessed. Finally, SPSS software, version 22 was used to analyze the data.

Results: Fifty-five patients (11.8%) were seropositive for SARS-CoV-2 immunoglobulin G 
(IgG), of whom 25% were symptomatic. The results showed a significant difference between 
the seropositive and seronegative groups in terms of MS type and comorbidity. Further, 
comorbidities, including hypertension and hypothyroidism were identified as the major risk 
factors for developing symptomatic disease. However, none of the variables were statistically 
associated with the severity of COVID-19.

Conclusion: The present study revealed a significantly lower seroprevalence of COVID-19 
in MS patients than in the population. Based on the results, most seropositive patients were 
asymptomatic. Comorbidity was identified as the major risk factor for both SARS-CoV-2 
seropositivity and symptomatic COVID-19. However, no relationship was observed between 
patients’ characteristics and MS features with the severity of COVID-19, which reinforces the 
continuation of regular treatment during the COVID-19 pandemic.
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1. Introduction

ince the emergence of COVID-19 disease 
in Wuhan City, China, many attempts 
have been made to control the pandemic, 
of which massive vaccination has been of 
paramount importance. However, the pan-

demic persists and challenges the world’s health systems 
[1]. In the current situation of the COVID-19 pandemic, 
patients with multiple sclerosis (MS) represent a popula-
tion of particular interest because they may be at higher 
risk of infections due to immunosuppressive or immune-
modulatory agents’ administration [2]. Although the pre-
liminary studies indicated that the patients with B-cell-
depleting therapies were more likely to develop severe 
COVID-19, others did not support the negative associa-
tion between the disease-modifying treatment (DMT) 
class and COVID-19 susceptibility [3-7]. Regarding the 
National MS Society guidelines, DMT decisions should 
be individualized and made collaboratively between the 
patient and the healthcare provider [8].

On the other hand, a large number of COVID-19-pos-
itive cases are asymptomatic or mildly symptomatic, 
making it difficult to estimate the confirmed prevalence 
of COVID-19. As the extent of circulating severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) re-
mains unclear, serology tests may help determine whether 
a person has been exposed to SARS-CoV-2 in the past [9].

To the best of our knowledge, COVID-19 seropreva-
lence in the MS population is not reported, which may 
play a crucial role in identifying the risk factors for both 
symptomatic and asymptomatic COVID-19. Given the 
uncertainty about the risk factors of COVID-19 and its 
complications in MS patients, and the perpetual need to 
continue the DMTs, the present study was conducted to 
determine the seroprevalence of COVID-19 in MS pa-
tients in the pre-vaccination era, in Qom Province, Iran, 
with a focus on the predisposing factors for symptomatic 
COVID-19.

2. Materials and Methods

Study designs

This cross-sectional study was conducted at the MS 
Clinic of Qom Province, Iran, between July and August 
2020. Additionally, all patients fulfilled the informed 
consent before they participated in this study. 

Study population 

All patients diagnosed with MS based on McDonald 
Criteria 2017, and aged over 18 years, who were referred 
to the MS clinic, were included in the study. Patients 
who were pregnant or in the postpartum period, patients 
who received COVID-19 vaccination, and those who 
did not consent to participate were excluded. Eventually, 
468 patients met the eligibility criteria.

Data collection

First, in face-to-face interviews with patients, the fol-
lowing information was collected, demographic data, 
disease characteristics, including disease duration, type 
of MS, consumed DMT, clinical status based on the ex-
panded disability severity scale score (EDSS), date of 
recent relapse and corticosteroid therapy. Then, the pa-
tients were divided into two groups, patients with a his-
tory of COVID-19 which was confirmed by polymerase 
chain reaction assays, and patients without a clear his-
tory of COVID-19. In the first group, the severity of 
COVID-19 was classified into mild, moderate, severe, 
and critical based on the recommendations of the World 
Health Organization (WHO). 

Immunoassay for detection of SARS-CoV-2 im-
munoglobulin G (IgG)

All patients underwent serology tests for IgG antibod-
ies against SARS-CoV-2 at the end of the interview. IgG 
levels were tested by chemiluminescent immunoassay 
(CLIA) Kits (Food and Drug Administration [FDA] ap-
proved), manufactured by Pishtaz Teb Company (Cata-
log No.Pt.Covid.100) in Tehran Province, Iran. The 
sensitivity and specificity of the kits were estimated to 
be 97% and 95%, respectively. The cut-off for positive 
IgG level was determined as >1.1 binding antibody units 
(BAU/mL).

Statistical analysis

Statistical analysis was performed using SPSS soft-
ware, version 22. Data were expressed as Mean±SD 
for quantitative variables and counts (%) for categorical 
variables. One-sample Kolmogorov-Smirnov test, chi-
square test, and Mann-Whitney U statistical test were 
used for data analysis, and an ordinal regression model 
was used to evaluate the relationship between the patient 
and disease characteristics, and severity of COVID-19. 

S
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3. Results

Patient population 

In our cross-sectional study, 468 MS patients between 
July–August 2020 participated. A total of 373 patients 
(79.7%) were women with a mean age of 37.60±8.64 
years. Most patients (77.6%) had an EDSS score ≤2(0 
to 8 score) with a mean score of 1.61. Relapse remitting 
MS (RRMS) was found as the most frequent MS type in 
all patients (58.7%). The mean duration of the disease 
was (6.5±30.9) years. Approximately, 25% had one or 
more comorbidity, with hypothyroidism being the most 
frequently reported. Moreover, comorbidities were more 
common in elder patients. 

Seroprevalence of SARS-CoV-2 IgG

Based on the results, 55 patients (11.8%) were sero-
positive for SARS-CoV-2 IgG as shown in Table 1. The 
patients in the seropositive and seronegative groups 
were similar in sex, age, history of recent corticosteroid 
therapy, and EDSS score (P=0.310, P=0.396, P=0.411, 
and P=0.823). While the mean age and disease duration 
were higher in the seropositive group, no significant rela-
tionship was observed between age and disease duration 
with SARS-CoV-2 IgG status (P=0.396 and P=0.919). 
Moreover, a considerable difference was observed be-
tween SARS-CoV-2 seropositive and seronegative 
groups in terms of MS type (P=0.04) and comorbid-
ity (P=0.008). Secondary progressive MS (SPMS) and 
hypertensive patients were more susceptible to SARS-
CoV-2 seropositivity.

Table 1. Clinical characteristics of seropositive and seronegative severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) in patients with MS

Variables

Mean±SD/No. (%)

PSARS-CoV-2 IgG Level (BAU/mL) 

Positive Negative

Age (y) 38.53±5.65 37.47±8.65 0.396†

Gender 
Male 13(23.6) 82(19.9)

0.310‡

Female 42(76.4) 331(80.1)

Recent relapse or corticosteroid therapy
Yes 8(14.5) 70(16.9)

0.411‡

No 47(85.5) 343(83.1)

Type of MS course 

CIS 1(1.8) 1(0.2)

0.044‡
RRMS 41(74.5) 234(56.6)

SPMS 9(16.4) 131(31.7)

PPMS 4(7.3) 47(11.4)

EDSS mean score ranges (0-8) 1.43 1.81 0.823‡

Disease duration (d) 9.38±5.92 9.29±5.98 0.919†

Comorbidity (HLP, DM, HTN, hypothyroidism) 14(25.5) 101(24.5) 0.008‡

Abbreviations: SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; MS: Multiple sclerosis; CIS: Clinically isolated 
syndrome; RRMS: Relapse remitting multiple sclerosis; SPMS: Secondary progressive multiple sclerosis; PPMS: Primary pro-
gressive multiple sclerosis; EDSS: Expanded disability status scale; DM: Diabetes mellitus; HLP: Hyperlipidemia; HTN: Hy-
pertension. 

†Mann-Whitney U, ‡Chi-square. 
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The frequency of distribution on the comorbidities is shown 
in independent–samples Kruskai Wallis test (Figure 1).

However, a difference in DMT type was seen in seropos-
itive patients, as patients treated with interferon β (INF-β) 
exhibited lower levels of SARS-CoV-2 antibodies in in-
dependent–samples Kruskai Wallis test (Figure 2).

The Table 2 presents the medication history of patients. 
Of the overall sample, 449(95.94%) used DMT, the most 
common of which were INF-β (41.4%) and rituximab 
(20.1%), respectively. The type of DMT was not associat-
ed with SARS-CoV-2 seropositivity (P=0.283) (Table 2).

Risk factors of symptomatic COVID-19

The results indicated a 25% chance of being symptom-
atic in seropositive patients. Except for the pre-existing 
comorbidity (P=0.016), none of the variables included 
age (P=0.643), sex (P=0.238), MS type (P=0.510), EDSS 
score (P=0.319), and DMT type (P=0.754) were associ-
ated with an increased risk of symptomatic disease.

Severity of COVID-19 

A sensitive analysis revealed that 113 patients had a 
history of symptomatic COVID-19, of whom 30 were 
SARS-CoV-2 seropositive. Most patients experienced 

Figure 2. Distribution of DMT class in seropositive MS patients for SARS-CoV-2

Abbreviations: DMT: Disease-modifying treatment; MS: Multiple sclerosis; SARS CoV 2: Severe acute respiratory syndrome 
Cov2; IFN-beta 1α IM: Interferon-β 1α intramuscular; IFN-beta 1α SC: Subcutaneous; GA: Glatiramer acetate; DMF: Dimethyl 
fumarate; RTX: Rituximab.
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mild to moderate COVID-19. Only three people had 
severe COVID-19, and one of them had critical CO-
VID-19. Among patients with severe COVID-19, two 
men were with a mean age of 40 years old, and a mean 
EDSS score of 1.75. Two RRMS patients were treated 
with INF-β, and one PPMS patient was treated with 
rituximab. The person with critical COVID-19 was a 
42-year-old man who was otherwise healthy and was 
being treated with INF-β. He was initially admitted to 
the intensive care unit (ICU) and received the standard 
of care for COVID-19 with mechanical ventilation for 
10 days. Then, he was transferred to the infectious ward 
for 20 days to continue treatment. Although he did not 
develop a clinical relapse, his neurological status wors-
ened with an increase in EDSS score from 2 to 4.5 at the 
time of discharge. 

Moreover, all patients with mild and moderate COV-
ID-19 underwent home quarantine and contacted their 
physicians to adjust their medications. 

Based on the results, none of the variables, including 
age (P=0.972), sex (P=0.385), comorbidity (P=0.213), 
MS type (P=0.566), disease duration (0.190), recent cor-
ticosteroid therapy (P=0.649), EDSS score (P=0.138) 
and DMT category (P=0.421) were statistically associ-
ated with the severity of COVID-19 symptoms.

4. Discussion

Prevalence of COVID-19

The results of the present study indicated an estimated 
seroprevalence of 11.8% in MS patients which was sig-

nificantly lower than the report of 58.5% in the popu-
lation of Qom Province, Iran [10]. Similarly, another 
study demonstrated a significantly higher prevalence 
of SARS-CoV-2 antibodies in MS patients compared to 
high-risk populations (2.9% vs. 10.6%) [11, 12]. It is as-
sumed that the difference in the values of our data may 
be related to the different serology tests used in these 
studies (chemiluminescent immunoassay [CLIA] com-
pared to enzyme-linked immunosorbent assay [ELISA] 
and fluorescence immunoassays [FIA] methods). On the 
other hand, 25% of the seropositive patients developed 
symptomatic COVID-19, which was relatively compa-
rable to the population, according to the previous reports 
[13, 14].

Previous studies have revealed that MS patients, re-
gardless of their treatment, are theoretically at higher 
risk for infections than the population [15]. However, 
the lower prevalence of COVID-19 in our study may be 
covered by several factors. First, a substantial number of 
patients were women and young without serious comor-
bidities. Second, MS patients were more likely to adhere 
to strict quarantine and social distancing guidelines [4]. 
Third, most patients (41.6%) used INF-βs. The role of 
INFs in both an autocrine and paracrine manner has been 
shown to activate the Janus kinase signal transducer and 
activator of transcription signaling pathway, leading to 
downstream expression of IFN-stimulated genes, and as 
a result, contributes to control the viral infection. More-
over, INFs are well-recognized as crucial immunomodu-
latory cytokines for the development of the adaptive 
immune response to infection. Considering this and the 
promising results from several clinical trials on the ben-
eficial effect of INFs on COVID-19 outcomes, the use of 

Table 2. The DMT medication of MS patients and association between severe acute respiratory SARS-CoV-2, IgG level and 
DMT category (Ordinal regression model)
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(n=55) 15(27.27) 6(10.90) 4(7.27) 4(7.27) 5(9.09) 1(1.81) 8(14.54) 0 0 12(21.81) 0

0.283
Negative 
(n=413) 102(24.69) 55(13.31) 14(3.38) 51(12.34) 36(8.71) 7(1.69) 60(14.52) 1(0.24) 0 83(20.09) 0

Abbreviations: DMT: Disease-modifying treatment; MS: Multiple sclerosis; SARS CoV 2: Severe acute respiratory syndrome 
Cov2; IFN-β 1α IM: Interferon-β 1α intramuscular; IFN-β 1α SC: Subcutaneous; DMF: Dimethyl fumarate.

Hejazi SA, et al. Multiple Sclerosis and COVID-19. JVC. 2022; 3(4):165-172.

http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1
https://en.wikipedia.org/wiki/Teriflunomide


170

Autumn 2022. Volume 3. Number 4

INF-βs in MS patients appears to have a fairly inhibitory 
role against some SARS-CoV- 2 products [15, 16].

Risk factors of COVID-19

Based on the results, comorbidity (P=0.008) and MS 
type (P=0.044) were identified as the risk factors for 
SARS-CoV-2 seropositivity. SPMS patients and hyper-
tensive patients were more susceptible to SARS-CoV-2 
seropositivity.

In a similar pattern, comorbidity was recognized as the 
major risk factor for symptomatic COVID-19. Comor-
bidity was identified as a risk factor for acquiring COV-
ID-19, as epidemiological evidence has shown its role in 
both the incidence and severity of COVID-19 [13, 17]. 
We postulated that the lack of significant association be-
tween age and sex with COVID-19 may be related to 
the relatively younger age, and the predominant female 
gender in our participants, which both resulted in selec-
tion bias. 

In addition, our results did not demonstrate a negative 
effect of the DMT type on both SARS-CoV-2 seroposi-
tivity and symptomatic COVID-19. However, patients 
treated with INF-β particularly have lower levels of 
SARS-CoV-2 antibodies, which may indicate an immu-
nogenic role of INF-β. In some DMTs, it is well-known 
to be associated with an increased risk of infections, of 
which B-cell-depleting agents are of great importance. 
There are conflicting results in the literature on the role 
of B-cell-depleting agents in the development of COV-
ID-19. While some studies reported a higher prevalence 
of COVID-19 in patients treated with B-cell-depleting 
agents [4, 6, 18], others did not support this negative as-
sociation [3, 5, 19-21]. Noteworthy, recent meta-analy-
ses did not demonstrate whether a specific DMT signifi-
cantly modifies the progression of SARS-CoV-2 in the 
MS population [22, 23]. However, interpretation of our 
results should be made with extreme caution. Patients 
with mild to moderate COVID-19 participated more in 
this study. Consequently, the small number of patients 
with severe COVID-19 limited the possibility of accu-
rate conclusions.

Severity of COVID-19 

In the present study, most patients had mild COV-
ID-19, and the rate of hospitalization was 7.27%, which 
was similar to the global statistics in the general popu-
lation. However, reports indicated either a higher inci-
dence of mild COVID-19 [3, 5, 20] or a lower incidence 
(70%-80%) [4, 6, 11]. Moreover, the results did not dem-

onstrate a significant relationship between demographic 
and MS characteristics, and the DMT category with the 
severity of COVID-19 (P>0.05). 

Inconsistent results for the prognosis of COVID-19 in 
the MS population may be related to factors, such as dif-
ferences in the sample size, study design, endemic dis-
ease status, socioeconomic status, and health in different 
studies. Consistent with a recent meta-analysis [22], our 
data did not suggest a significant increase in the mortal-
ity of MS patients with COVID-19. In addition, our re-
sults did not identify an even poorer prognosis in patients 
treated with B-cell-depleting agents, which appears to be 
related to the small sample size of our severe COVID-19 
patients.

5. Conclusion

The present study revealed that the seroprevalence of 
COVID-19 in MS patients was significantly lower than 
in the population in Qom Province, Iran. Moreover, a 25 
% chance existed to developing symptomatic COVID-19 
in seropositive patients. Comorbidity was identified as 
the major risk factor for both SARS-CoV-2 seropositiv-
ity and symptomatic COVID-19. However, neither de-
mographic nor MS characteristics were associated with 
the COVID-19 outcome. This highlights the importance 
of continuing DMTs and adhering to health instructions 
during the COVID-19 pandemic.

Limitations and recommendations

The main limitation of our work was a healthy user 
bias. Patients with more severe diseases were less likely 
to participate in the study, leading to an improper im-
pression of the COVID-19 patients. Further, the number 
of patients treated with high-efficacy DMTs was very 
small, which did not allow for a precise analysis of the 
association between DMT class and COVID-19.

The present study highlights the need for further epide-
miological studies with particular attention to vaccinated 
patients to evaluate the humoral and cellular response to 
vaccination.

Ethical Considerations

Compliance with ethical guidelines

This study was approved by the Ethics Committee of 
Qom University of Medical Sciences (Code: IR.MUQ.
REC.1399.155). Additionally, all patients fulfilled the 
informed consent before they participated in this study. 

Hejazi SA, et al. Multiple Sclerosis and COVID-19. JVC. 2022; 3(4):165-172.

http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1
http://www.muq.ac.ir/


171

Autumn 2022. Volume 3. Number 4

Funding

This research was supported by Department of Neurol-
ogy of Qom University of Medical Sciences.

Authors' contributions

All authors contributed to the design, running, and 
writing of all parts of the research.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

The authors express their gratitude to the staff of the 
MS association of Qom University of Medical Sciences 
and also thank Fereshteh Shahrab and Payam Molavi, 
contributor the interview of patients, for their support in 
data collection.

References

[1] Portaccio E, Fonderico M, Hemmer B, Derfuss T, Stankoff B, 
Selmaj K, et al. Impact of COVID-19 on multiple sclerosis care 
and management: Results from the European Committee for 
Treatment and Research in Multiple Sclerosis survey. Mult 
Scler. 2022; 28(1):132-8. [PMID] 

[2] Berger JR, Brandstadter R, Bar-Or A. COVID-19 and MS dis-
ease-modifying therapies. Neurol Neuroimmunol Neuroin-
flamm. 2020; 7(4):e761. [DOI:10.1212/NXI.0000000000000761] 
[PMID] [PMCID] 

[3] Louapre C, Collongues N, Stankoff B, Giannesini C, Papeix 
C, Bensa C, et al. Clinical characteristics and outcomes in pa-
tients with coronavirus disease 2019 and multiple sclerosis. 
JAMA Neurol. 2020; 77(9):1079-88. [DOI:10.1001/jamaneu-
rol.2020.2581] [PMID] [PMCID] 

[4] Safavi F, Nourbakhsh B, Azimi AR. B-cell depleting therapies 
may affect susceptibility to acute respiratory illness among 
patients with multiple sclerosis during the early COVID-19 
epidemic in Iran. Mult Scler Relat Disord. 2020; 43:102195. 
[DOI:10.1016/j.msard.2020.102195] [PMID] [PMCID] 

[5] Sormani MP. An Italian programme for COVID-19 infec-
tion in multiple sclerosis. Lancet Neurol. 2020; 19(6):481-2. 
[DOI:10.1016/S1474-4422(20)30147-2] [PMID] 

[6] Barzegar M, Mirmosayyeb O, Ghajarzadeh M, Nehzat N, 
Vaheb S, Shaygannejad V, et al. Characteristics of COVID-19 
disease in multiple sclerosis patients. Mult Scler Relat Disord. 
2020; 45:102276. [DOI:10.1016/j.msard.2020.102276] [PMID] 
[PMCID] 

[7] Rostami Mansoor S, Ghasemi-Kasman M. Impact of disease-
modifying drugs on the severity of COVID-19 infection in 
multiple sclerosis patients. J Med Virol. 2021; 93(3):1314-9. 
[DOI:10.1002/jmv.26593] [PMID] [PMCID] 

[8] Rivas K. What you need to know about coronavirus (COV-
ID-19). 

[9] Jacofsky D, Jacofsky EM, Jacofsky M. Understanding anti-
body testing for COVID-19. J Arthroplasty. 2020; 35(7S):S74-
81. [DOI:10.1016/j.arth.2020.04.055] [PMID] [PMCID] 

[10] Poustchi H, Darvishian M, Mohammadi Z, Shayanrad A, 
Delavari A, Bahadorimonfared A, et al. SARS-CoV-2 anti-
body seroprevalence in the general population and high-risk 
occupational groups across 18 cities in Iran: A population-
based cross-sectional study. Lancet Infect Dis. 2021; 21(4):473-
81. [PMID]  

[11] Capasso N, Palladino R, Montella E, Pennino F, Lanzillo R, 
Carotenuto A, et al. Prevalence of SARS-CoV-2 antibodies in 
multiple sclerosis: The hidden part of the iceberg. J Clin Med. 
2020; 9(12):4066. [DOI:10.3390/jcm9124066] [PMID] [PMCID] 

[12] Wiendl H, Gold R, Berger T, Derfuss T, Linker R, Mäurer M, 
et al. ‘Multiple Sclerosis Therapy Consensus Group’ (MSTCG). 
Multiple Sclerosis Therapy Consensus Group (MSTCG): Po-
sition statement on disease-modifying therapies for multi-
ple sclerosis (white paper). Ther Adv Neurol Disord. 2021; 
14:17562864211039648. [DOI:10.1177/17562864211039648] 
[PMID] [PMCID] 

[13] Barzegar M, Mirmosayyeb O, Gajarzadeh M, Afshari-Sa-
favi A, Nehzat N, Vaheb S, et al. COVID-19 among patients 
with multiple sclerosis: A systematic review. Neurol Neu-
roimmunol Neuroinflamm. 2021; 8(4):e1001. [DOI:10.1212/
NXI.0000000000001001] [PMID] [PMCID] 

[14] Cabreira V, Abreu P, Soares-Dos-Reis R, Guimarães J, Sá 
MJ. Multiple sclerosis, disease-modifying therapies and COV-
ID-19: A systematic review on immune response and vac-
cination recommendations. Vaccines (Basel). 2021; 9(7):773. 
[DOI:10.3390/vaccines9070773] [PMID] [PMCID] 

[15] Luna G, Alping P, Burman J, Fink K, Fogdell-Hahn A, Gun-
narsson M, et al. Infection risks among patients with multiple 
sclerosis treated with fingolimod, natalizumab, rituximab, 
and injectable therapies. JAMA Neurol. 2020; 77(2):184-91. 
[DOI:10.1001/jamaneurol.2019.3365] [PMID] [PMCID] 

[16] Palermo E, Di Carlo D, Sgarbanti M, Hiscott J. Type I inter-
ferons in COVID-19 pathogenesis. Biol (Basel). 2021; 10(9):829. 
[DOI:10.3390/biology10090829] [PMID] [PMCID] 

[17] McNab F, Mayer-Barber K, Sher A, Wack A, O'Garra A. 
Type I interferons in infectious disease. Nat Rev Immunol. 
2015; 15(2):87-103. [DOI:10.1038/nri3787] [PMID] [PMCID] 

[18] Sahraian MA, Azimi A, Navardi S, Ala S, Naser Moghadasi 
A. Evaluation of the rate of COVID-19 infection, hospitaliza-
tion and death among Iranian patients with multiple sclero-
sis. Mult Scler Relat Disord. 2020; 46:102472. [DOI:10.1016/j.
msard.2020.102472] [PMID] [PMCID] 

[19] Fan M, Qiu W, Bu B, Xu Y, Yang H, Huang D, et al. Risk 
of COVID-19 infection in MS and neuromyelitis optica spec-
trum disorders. Neurol Neuroimmunol Neuroinflamm. 2020; 
7(5):e787. [DOI:10.1212/NXI.0000000000000787] [PMID] 
[PMCID] 

Hejazi SA, et al. Multiple Sclerosis and COVID-19. JVC. 2022; 3(4):165-172.

http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1
http://www.muq.ac.ir/
http://www.muq.ac.ir/
https://pubmed.ncbi.nlm.nih.gov/33764197/
https://doi.org/10.1212/NXI.0000000000000761
https://www.ncbi.nlm.nih.gov/pubmed/32414755
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7238896
https://doi.org/10.1001/jamaneurol.2020.2581
https://doi.org/10.1001/jamaneurol.2020.2581
https://www.ncbi.nlm.nih.gov/pubmed/32589189
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7320356
https://doi.org/10.1016/j.msard.2020.102195
https://www.ncbi.nlm.nih.gov/pubmed/32460086
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7219389
https://doi.org/10.1016/S1474-4422(20)30147-2
https://www.ncbi.nlm.nih.gov/pubmed/32359409
https://doi.org/10.1016/j.msard.2020.102276
https://www.ncbi.nlm.nih.gov/pubmed/32652473
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7278648
https://doi.org/10.1002/jmv.26593
https://www.ncbi.nlm.nih.gov/pubmed/33044760
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7675642
https://doi.org/10.1016/j.arth.2020.04.055
https://www.ncbi.nlm.nih.gov/pubmed/32389405
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7184973
https://pubmed.ncbi.nlm.nih.gov/33338441/
https://doi.org/10.3390/jcm9124066
https://www.ncbi.nlm.nih.gov/pubmed/33339402
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7766741
https://doi.org/10.1177/17562864211039648
https://www.ncbi.nlm.nih.gov/pubmed/34422112
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8377320
https://doi.org/10.1212/NXI.0000000000001001
https://doi.org/10.1212/NXI.0000000000001001
https://www.ncbi.nlm.nih.gov/pubmed/34016734
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8142838
https://doi.org/10.3390/vaccines9070773
https://www.ncbi.nlm.nih.gov/pubmed/34358189
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8310076
https://doi.org/10.1001/jamaneurol.2019.3365
https://www.ncbi.nlm.nih.gov/pubmed/31589278
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6784753
https://doi.org/10.3390/biology10090829
https://www.ncbi.nlm.nih.gov/pubmed/34571706
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8468334
https://doi.org/10.1038/nri3787
https://www.ncbi.nlm.nih.gov/pubmed/25614319
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7162685
https://doi.org/10.1016/j.msard.2020.102472
https://doi.org/10.1016/j.msard.2020.102472
https://www.ncbi.nlm.nih.gov/pubmed/32890817
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7456295
https://doi.org/10.1212/NXI.0000000000000787
https://www.ncbi.nlm.nih.gov/pubmed/32503092
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7286663


172

Autumn 2022. Volume 3. Number 4

[20] Loonstra FC, Hoitsma E, van Kempen ZL, Kil-
lestein J, Mostert JP. COVID-19 in multiple sclerosis: 
The Dutch experience. Mult Scler. 2020; 26(10):1256-60. 
[DOI:10.1177/1352458520942198] [PMID] [PMCID] 

[21] Parrotta E, Kister I, Charvet L, Sammarco C, Saha V, Charl-
son RE, et al. COVID-19 outcomes in MS: Observational 
study of early experience from NYU Multiple Sclerosis Com-
prehensive Care Center. Neurol Neuroimmunol Neuroin-
flamm. 2020; 7(5):e835. [DOI:10.1212/NXI.0000000000000835] 
[PMID] [PMCID] 

[22] Möhn N, Konen FF, Pul R, Kleinschnitz C, Prüss H, Witte T, 
et al. Experience in multiple sclerosis patients with COVID-19 
and disease-modifying therapies: A review of 873 published 
cases. J Clin Med. 2020; 9(12):4067. [DOI:10.3390/jcm9124067] 
[PMID] [PMCID] 

[23] Diaz de la Fe A, Peláez Suárez AA, Fuentes Campos M, 
Cabrera Hernández MN, Goncalves CA, Schultz S, et al. 
SARS-CoV-2 infection and risk management in multiple scle-
rosis. Diseases. 2021; 9(2):32. [DOI:10.3390/diseases9020032] 
[PMID] [PMCID] 

Hejazi SA, et al. Multiple Sclerosis and COVID-19. JVC. 2022; 3(4):165-172.

http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1
https://doi.org/10.1177/1352458520942198
https://www.ncbi.nlm.nih.gov/pubmed/32662742
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7493197
https://doi.org/10.1212/NXI.0000000000000835
https://www.ncbi.nlm.nih.gov/pubmed/32646885
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7357412
https://doi.org/10.3390/jcm9124067
https://www.ncbi.nlm.nih.gov/pubmed/33339436
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7766122
https://doi.org/10.3390/diseases9020032
https://www.ncbi.nlm.nih.gov/pubmed/33921878
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8167598

