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Few studies have focused on immune status and disease activity in MS patients during the coronavirus disease 2019 (COVID-19) pandemic. The aim of this study is to investigate immune status, COVID-19 infection, and attacks in MS patients during the pandemic. An online questionnaire about COVID-19 infection, MS attack, and MS treatment during the pandemic was administered to all 525 MS patients registered in our hospital database from January 1, 2011, to June 1, 2020. Only 384 responded, of which 361 patients could be included in the final analysis. During the pandemic, 42.1% of the 361 patients and 65.0% of the 234 patients on immunotherapies were exposed to teriflunomide. Compared to patients who didn't receive treatment, patients exposed to DMTs had significantly lower levels of neutrophils (P < 0.01) and immunoglobulin G (P < 0.01), and patients exposed to immunosuppressants had significantly lower levels of immunoglobulin G (P < 0.05). Over 80% of our patients followed effective protective measures and none of the 361 MS patients in our cohort contracted COVID-19. Patients whose treatment was disrupted had a significantly higher annualized relapse rate (ARR) during than before the pandemic (P < 0.01), while the ARR of patients with continuous treatment or without treatment remained unchanged. During the pandemic, the risk of MS attack due to treatment disruption possibly outweighs the risk of COVID-19 infection under preventive measures, and MS treatment maintenance might be necessary.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syndrome coronavirus type-2 (SARS-CoV-2), has quickly developed into a global pandemic.1 As of June 1, 2020, a total of 842,739 confirmed COVID-19 cases had been reported around the world (WHO Coronavirus Dashboard, accessed: https://covid19.who.int) and 84,570 confirmed COVID-19 cases had been reported in China (National electronic government platform, accessed: http://gjzwfw.www.gov.cn/index.html). The distribution of the confirmed cases of COVID-19 in China and the population density of China are presented in Figure 1A. This raises health concerns for patients with multiple sclerosis (MS), an inflammatory demyelinating and neurodegenerative disorder of the central nervous system. Although MS primarily affects young adults, there are some patients older than 60 years with comorbidities such as hypertension and diabetes, a population with a demonstrated higher risk of severe disease and mortality from COVID-19 (1). MS-related functional limitations, such as inability to cough and clear the lungs, a condition associated with increased risk from infectious diseases (2), may increase the susceptibility to and severity of COVID-19. Furthermore, long-term use of disease-modifying therapies (DMTs) or immunosuppressants for MS may confer additional risk by suppressing the patient's immune status (3). Recently, several large cohort studies have been published regarding the association of DMTs and the severity of COVID-19 (4, 5). Anti-CD20 agent was reported significantly associated with increased risk of severe COVID-19 (6), while interferon β-1b (IFNB) (7) and teriflunomide (8–10) might benefit COVID-19 patients. On the other hand, viral infection itself and COVID-19 related treatment discontinuation could in turn increase the disease activity of MS (11). Therefore, balancing the risks of SARS-CoV-2 infection and MS disease activity in MS patients is a huge challenge for neurologists during the pandemic, and there is a significant need for reliable, real-world information about the impact of COVID-19 on MS patients.
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FIGURE 1. Distribution map of confirmed COVID-19 cases across China, population density in mainland China, and MS patients in the MS/NMO database. (A) Population density of China and distribution map of confirmed COVID-19 cases across China during the pandemic (From December 15, 2019, to June 1, 2020). (B) Distribution map of MS patients in the MSNMOBase across China. COVID-19, coronavirus disease 2019; MS, Multiple Sclerosis.


Until now, few studies have explored COVID-19 susceptibility, severity, and mortality in MS patients, and most existing studies suggest that there is no association between DMT exposure and COVID-19 severity (3, 12, 13). However, there are limited data available to guide the management and clinical decision-making of MS patients during the COVID-19 pandemic. In addition, few studies focus on the impact of MS relapse brought on by COVID-19. To better understand the impact of COVID-19 on the MS population, we sent an online survey to all MS patients registered in our Multiple sclerosis and Neuromyelitis optica database (MSNMOBase) from 2011 to 2020. The goals of the survey and the current manuscript were to investigate both the morbidity of COVID-19 and the disease activity of MS in a cohort of MS patients during the pandemic.



MATERIALS AND METHODS


Study Design and Population

This cross-sectional cohort study used data from the MSNMOBase, a hospital-based electronic database established in 2011 by the Center of Multiple Sclerosis and Related Disorders of Neurology Department in Peking Union Medical College Hospital (PUMCH). The patients registered in this database are from all over China (Figure 1B) and are followed annually or semiannually (14). One hundred and seventy-eight (49.3%) patients were on DMTs, including teriflunomide (n = 152), interferon β1-b (n = 18), and fingolimod (n = 8), while 56 (15.5%) patients were treated with immunosuppressants, including mycophenolate mofetil (n = 42), azathioprine (n = 11), cyclosporine (n = 1), cyclophosphamide (n = 1), and tacrolimus (n = 1) (Table 1).


Table 1. Demographic, clinical characteristics, and behavior of patients in the pandemic.

[image: Table 1]

On June 1, 2020, when there were no newly diagnosed COVID-19 cases in mainland China for 1 week, an online questionnaire was sent to all patients with MS in the MSNMOBase to investigate incidence and impact of the COVID-19 pandemic (from December 15, 2019, to June 1, 2020) in MS patients. The questionnaire mainly included the following four parts: the infection of COVID-19, preventive approaches used in the COVID-19 pandemic, major changes to medical care and MS treatments, and emotional response to the COVID-19 pandemic.

MS relapse was defined as new MS-related symptoms or worsening of existing symptoms of neurological dysfunction, lasting more than 24 h. The identification of relapses and dates of attacks during the COVID-19 pandemic were derived from medical records and confirmed by neurologists of the Center of Multiple Sclerosis and Related Disorders in PUMCH through a follow-up visit face-to-face visit in the clinic or an on-line video consultation.

Of 525 patients initially contacted, 384 responded to the questionnaires. After excluding patients who filled out the forms incompletely, had insufficient baseline documentation, or stayed abroad during the pandemic, 361 patients were included in the final statistical analysis; all of them were relapsing-onset MS and met the 2017 McDonald diagnostic criteria for MS (15) (Figure 2), including 329 relapsing remitting MS (RRMS) and 32 secondary progressive MS (SPMS). This study was approved by the ethics committee of PUMCH. All patients gave their written informed consent for the use of data for research purposes.
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FIGURE 2. Flow chart of data processing and exclusions. COVID-19, coronavirus disease 2019; MOGAD, Myelin Oligodendrocyte Glycoprotein Antibody Associated Disorders; MS, Multiple Sclerosis; NMOSD, Neuromyelitis Optica Spectrum Disorder. aOther CNS demyelinating disease: acute myelitis, brain stem encephalitis, aute disseminated encephalomyelitis, autoimmune GFAP astrocytopathy, and connective tissue disease.




Data Collection

Demographic data, dates of all MS attacks, MS attack-related clinical manifestations, Expanded Disability Status Scale (EDSS) scores, and treatments (drug names, dates of initiation, and termination) were collected during the patients' initial and regular clinical visits. Tests for complete blood count (CBC), lymphocyte subsets, and immunoglobin levels were performed in every regular visit. All of the above data were extracted from the MSNMOBase on June 15, 2020.



Statistical Analysis

Descriptive statistics [percentage, median with interquartile range (IQR), or range and mean with standard deviation (SD)] were applied to describe results for baseline demographic data, baseline clinical characteristics, and patients' answers to the questionnaire. Student's t-test was used for the comparison of continuous variables, and a chi-square test or Wilcoxon test was used for the comparison of categorical data. Differences were considered significant when P-values were <0.05. All analyses were performed using SPSS software, version 26.0 (SPSS Inc., Chicago, IL, USA).



Data Availability

The data that support the findings of this study are available from the corresponding author upon reasonable request.




RESULTS


Baseline Patient Characteristics

Three hundred sixty-one patients with MS, including five from Hubei, were from 22 of 23 provinces, 4 of 5 autonomous regions, and 3 of 4 municipalities across China (Figure 1B). The demographic and clinical characteristics of the cohort are summarized in Table 1. Briefly, the median (IQR) age was 35.3 (28.8, 44.9) years, 12 (3.3%) were older than 60 years, 236 (65.4%) were women, and the median (IQR) disease duration was 4.1 (2.1, 8.2) years. The median (IQR) EDSS score at last follow-up was 1.0 (0.0, 2.0). Two hundred thirty-four (64.8%) patients received immunotherapy during the pandemic, including teriflunomide (n = 152), IFNB (n = 18), fingolimod (n = 8), and immunosuppressants (n = 56). The median (IQR) duration of treatment was 1.0 (0.5–3.0) years.

One hundred and fifty-nine patients with sufficient baseline documentation in the MSNMOBase were not included in the final analysis. We compared the baseline characteristics of these patients to the 361 patients included in final analysis and found no significant difference in age, gender, disease duration, EDSS score at last follow-up, immunotherapies, treatment duration, and ARR before treatment.



Immune Status, Preventive Approaches, and COVID-19 Morbidity in MS Cohorts

The complete blood cell (CBC) counts, lymphocyte subsets, and immunoglobulin levels within 6 months of the start of the pandemic were recorded in 272, 247, and 238 patients, respectively. Detailed median (range) levels of different immune cells and immunoglobulins in patients exposed to DMTs, patients exposed to immunosuppressants, and patients without immunotherapy are shown in Figure 3. Patients exposed to teriflunomide had the lowest median (range) levels of CD19+ B cells [183.0 (40.0–1,195.0)/μl], CD3+ T cells [1,307.0 (371.0–4,950.0)/μl], CD4+ T cells [713.5 (38.8–3,774.0)/μl], CD8+ T cells [491.0 (2.1–1,525.0)/μl], white blood cells [5.91 (3.51–19.36)/109/L], neutrophil granulocytes [3.59 (1.49, 150.00)/109/L], and total lymphocyte counts [1.82 (0.75–6.52)/109/L]. Patients exposed to interferon β1-b had the lowest median (range) level of CD16+CD56+ NK cells [190.0 (144.0, 714.0)/μl] while patients exposed to immunosuppressants had the lowest median (range) level of immunoglobin G [8.75 (6.09, 19.66) g/L].
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FIGURE 3. Immune status of MS patients on immunotherapies in COVID-19 pandemic. (A) T/B lymphocyte subsets of MS patients on immunotherapies in COVID-19 pandemic, categorized according to DMTs. (B) White blood cells, neutrophil granulocytes, and total lymphocyte counts of MS patients in COVID-19 pandemic, categorized according to DMTs. (C) Immunoglobin levels of MS patients in COVID-19 pandemic, categorized according to DMTs. CBC, Complete Blood Count; COVID-19, coronavirus disease 2019; DMTs, Disease-Modifying Therapies; Ig, Immunoglobin; MS, Multiple Sclerosis; N, neutrophil granulocytes; NK cells, Natural Killer cells; TLC, Total Lymphocyte Counts; WBC, White Blood Cells.


In patients exposed to DMTs, compared with interferon β1-b, patients exposed to teriflunomide had significantly lower median (range) levels of CD19+ B cells [315.0 (204.0, 512.0)/μl vs. 183.0 (40.0–1,195.0)/μl, P = 0.017] and CD4+ T cells [1,001.0 (719.0, 1,255.0)/μl vs. 713.5 (38.8–3,774.0)/μl, P = 0.026] while patients exposed to fingolimod had significantly lower median (range) levels of immunoglobin G [10.14 (9.44, 15.71) g/L vs. 8.80 (6.62, 10.09) g/L, P = 0.011]. The median (range) levels of CD3+ T cells, CD8+ T cells, CD16+ CD56+ NK cells, white blood cells, neutrophil granulocytes, and total lymphocyte counts had no significant difference among patients exposed to the three different DMTs. Patients exposed to DMTs had significantly lower median (range) levels of neutrophils than patients without immunotherapy [3.58 (1.49–13.46)/109/L vs. 4.45 (1.52, 16.50)/109/L, P < 0.01]. Compared with patients without immunotherapy, patients exposed to DMTs [9.43 (4.51–25.16) g/L vs. 10.39 (6.04–31.69) g/L, P < 0.01] and immunosuppressants [8.75 (6.09–19.66) g/L vs. 10.39 (6.04, 31.69) g/L, P < 0.05] had significantly lower median (range) levels of immunoglobulin G (Table 2).


Table 2. Immune status of patients with and without immunotherapy during the pandemic.
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The major COVID-19 preventive approaches used in our patient cohort included avoiding non-essential outdoor activities, using a mask, and washing hands frequently (Table 1). None of our MS patients were diagnosed with or suspected to have COVID-19, regardless of whether they received immunotherapies, were older than 60 years, or were from high-risk areas such as Hubei.



The Impact of the COVID-19 Pandemic on Disease Activity

Fifty-one (13.9%) patients had at least one relapse of MS during the COVID-19 pandemic between December 15, 2019, and June 1, 2020 (Figure 4A). Compared with 1 and 2 years before the pandemic, the annualized relapse rate (ARR) of these patients during the pandemic increased significantly, with a median (IQR) difference of 2.16 (1.16, 2.16) (P < 0.01) and 2.16 (1.66, 2.16) (P < 0.01), respectively (Figure 4B).
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FIGURE 4. Impact of COVID-19 pandemic on MS attacks. (A) Relapses of 51 MS patients who had at least one relapse during pandemic and attacks of this group of patients in 1/2 years before COVID-19 pandemic. (B) For patients who had relapse during the pandemic (n = 51), compared with 1 year (P < 0.01) and 2 years (P < 0.01) before the pandemic, the ARR of patients during the pandemic increased significantly. (C) For patients with treatment interruption (n = 49), the ARR during the pandemic increased significantly compared with ARR after treatment but before the pandemic (P < 0.01). (D) For patients with continuous treatments during the pandemic (n = 185), compared to the ARR after treatment but before the pandemic, the ARR during the pandemic remained no significant change (P = 0.327). (E) For patients without immunotherapy (n = 127), there was no significant difference of ARR during the pandemic and 1 or 2 years before the pandemic. ARR, annualized relapse rate; COVID-19, coronavirus disease 2019; MS, Multiple Sclerosis.


A total of 49 of 234 (20.9%) patients who were being treated with immunotherapy experienced treatment interruption during the pandemic. The ARR for these patients after treatment but before the pandemic was significantly lower than the ARR before treatment, with a median (IQR) difference of −0.947 (−3.071, −0.286) (P < 0.01). Forty (81.6%) of these patients had an ARR of 0 and nine (18.4%) patients had an ARR of 0–3 after treatment but before the pandemic, while only 32 (65.3%) of these patients had an ARR of 0 and up to 17 (34.7%) patients had an ARR of 0–3 during the pandemic. Hence ARR for these patients during the pandemic increased significantly compared to ARR after treatment but before the pandemic (P < 0.01) (Figure 4C). For 185 patients who experienced continuous immunotherapy during the pandemic, the ARR after treatment but before the pandemic decreased significantly compared to the ARR before treatment, with a median (IQR) difference of −0.714 (−1.605, −0.379) (P < 0.01). There was no significant change in ARR in this population during the pandemic (P = 0.327) (Figure 4D). For 127 patients without immunotherapy, there was no significant difference between ARR during the pandemic and ARR 1 or 2 years before the pandemic (Figure 4E).

Among patients with treatment interruption during the pandemic, 28 of 49 (12.0%) discontinued their treatment due to fear of hospital visits, 15 (6.4%) of them discontinued their treatments because of fear of SARS-CoV-2 infection, and 6 (2.6%) of them reduced their dose of DMTs because of failure to obtain medication.




DISCUSSION

This cross-sectional cohort study is, to our knowledge, the first observational study investigating both the morbidity of COVID-19 and relapses in a cohort of MS patients during the pandemic. We found that, with effective preventive approaches (reducing unnecessary outdoor activity, mask use, and frequent hand washing), the risk of SARS-CoV-2 infection did not increase in patients with MS, regardless of age or whether they had received immunotherapies during the pandemic. However, the disease activity of MS increased significantly due to treatment discontinuation caused by the COVID-19 pandemic.

The mechanisms of MS immunotherapies span a wide range of targets in the adaptive and innate immune systems, both of which are involved in the response to viral infections, including COVID-19 (16). Levels of specific lymphocyte subsets and immunoglobulins, such as CD3+CD4+ T cells, CD3+CD8+ T cells, and immunoglobulin G, are reported to be related to infection in chronic autoimmune diseases (17). As a result, it is hypothesized that MS patients receiving immunotherapy might have a higher risk of SARS-CoV-2 infection and unfavorable COVID-19 outcomes. Over 85% of our patients treated with DMTs were exposed to teriflunomide, which selectively and reversibly inhibits dihydro-orotate dehydrogenase and lymphocyte proliferation (18). Consistent with previous studies (19), we also found that patients exposed to DMTs in our cohort had significantly lower levels of neutrophils and immunoglobulin G. In addition, patients exposed to immunosuppressants had significantly lower levels of immunoglobulin G than patients who did not receive immunotherapy. However, even with this immunosuppressed status, none of our patients were diagnosed with or suspected of having COVID-19 under the current protective measures. This result is consistent with that of a previous multicenter survey that enrolled 1,804 MS patients in mainland China, none of whom contracted COVID-19 (12). Additionally, two previous studies on Caucasian patients with MS also showed that exposure to first-generation DMTs (such as IFNB and teriflunomide) was not associated with an increased risk of COVID-19 (20, 21). The relatively high level of adherence to the preventive protocols suggested by the World Health Organization (WHO)2 shown in our online survey has undoubtedly contributed to the absence of COVID-19 in our cohort.

Stressful events, such as natural disasters and certain life events, have been proven to induce immunological alterations (22–24), which led us to speculate that stress caused by the COVID-19 pandemic (25) could impact the course of MS. However, in this study, we observed a significantly increased relapse rate only in patients who experienced treatment disruption due to COVID-19, not in patients who received continuous treatment or who had no immunotherapy. These results emphasize the importance of ongoing treatment in MS patients during the pandemic. Similarly, Kanamori et al. (26) and Nisipeanu and Korczyn (27) reported no increased relapse in patients with MS exposed to the Great East Japan Earthquake in 2011 or the Persian Gulf War in 1991, respectively, and concluded that not all stress conditions increase exacerbations in patients with MS.

There is definitive evidence that the healthcare system was overwhelmed during the COVID-19 pandemic and that medical care for regular patients was negatively impacted (28, 29). Consequently, over 20% of our MS patients reported discontinuation or dose reduction of their DMTs due to failure to obtain medication during the pandemic and fear of infection or hospital visits, which might account for the high relapse rate during the COVID-19 pandemic. The global COVID-19 pandemic is expected to linger for possibly years, and neurologists must find the safest balance between protecting their patients from SARS-CoV-2 infection and ensuring the best care for patients with chronic diseases such as MS.

Our study has some limitations. First, although MS patients at our center were from all over China, this single-center study might not reflect the immune status of Chinese MS patients as a whole, and the number of patients from COVID-19 high-risk regions was not large. Second, we only analyzed patients who responded to the questionnaire. Although we did a descriptive analysis and found no significant differences of baseline characteristics between the patients included in the final analysis and ones who didn't, a selection bias might still exist. Third, since fingolimod was approved by the National Medical Products Administration (NMPA) not long before the pandemic, the number of patients exposed to fingolimod was rather small in our study, which might have limited the power to detect the impact of fingolimod on the immune status of MS patients. Fourth, lymphocytes depleting treatments, such as anti-CD20 therapies and alemtuzumab, which were believed to have a greater impact on infection severity, were not used in our MS patients. Last, the absence of cases of COVID-19 infection in our cohort could not lead to an estimation of the impact of DMTs on the risk or severity of infection. Besides, the observation period of our study is relatively short and the ARR regression toward the mean might not be completely excluded. Additional larger, multicenter, prospective cohort studies with a longer observational period are needed to further explore the impact of the COVID-19 pandemic on patients with MS.



CONCLUSION

Despite some limitations, this observational cohort study suggests that continuing treatment with DMTs such as teriflunomide, IFNB, and fingolimod, as well as immunosuppressants such as mycophenolate mofetil and azathioprine, during the pandemic might be safe for patients with MS who use recommended COVID-19 preventive approaches, while withdrawal of the above treatments during the pandemic definitely increases MS disease activity.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by The Institutional Review Board of Peking Union Medical College Hospital. All patients gave their written informed consent for participating in the present study and for the use of their data for publication.



AUTHOR CONTRIBUTIONS

YX, YZ, and HY contributed to the study concept and design. Data collection and analysis were performed by YZ, YX, TX, and HY. Statistical analysis was performed by YZ, YX, and TX. The first draft of the manuscript was written by YZ. Critical revisions of the manuscript for important intellectual content were performed by YX, BP, LC, and SZ. Study supervision was YX. All authors read and approved the final manuscript.



FUNDING

This study was supported by the National Key Research and Development Program of China (Grant Number 2016YFC0901500); CAMS Innovation Fund for Medical Sciences (CIFMS) (Grant Number 2020-12M-CoV19-001); and Peking Union Medical College Education Reform Fund (Grant Number 2017zlgc0121).



FOOTNOTES

1World Health Organization. (2020). Novel coronavirus situation report: 99. https://www.who.int/news-room/detail/28-04-2020-who-calls-for-healthy-safe-and-decent-working-conditions-for-all-health-workers-amidst-covid-19-pandemic [Accessed Apr 28, 2020].
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