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Abstract
Background: Although upper respiratory infections (URIs) are linked to multiple sclerosis (MS) attacks,
SARS-COV2 has not been compared to URIs for attack rates.
Objectives: This study aimed to evaluate the attack rate and the results of neuroimaging in MS patients
with URIs caused by COVID-19 and non-COVID-19 infections (NC-URI).
Methods: From May 2020 to April 2021, we followed 362 patients with relapsing-remitting MS in a pro-
spective cohort design. Patients were monitored regularly every 12 weeks; an magnetic resonance imaging
(MRI) scan was performed at enrollment and every time a relapse occurred. Poisson analysis was used to
determine exacerbation rate ratios (RR) and the MRI parameters were tested using chi-square analysis.
Results: 347 patients with an average age of 38 and a female ratio of 86% were included. A RR of 2.24 (p
< 0.001) was observed for exacerbations during the at-risk period (ARP). Attacks related to COVID-19
(RR= 2.13, p= 0.001) and NC-URIs (RR= 2.39, p< 0.001) were comparable regarding the increased
risk of exacerbation (p= 0.62). Exacerbations within or outside the ARP did not significantly alter the
number of baseline GAD-enhancing lesions (p> 0.05 for both).
Conclusion: COVID-19 has been shown to increase the risk of MS exacerbations, like other viral URIs.
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Introduction
Multiple sclerosis (MS) is considered a multifactorial
(mainly an immune-mediated) condition, which is
characterized by dysregulation of the peripheral
immune system that1 results in demyelination and
axonal injury in the central nervous system
(CNS).2,3 Relapse-remitting MS is the most
common subtype of the disease and consists of
mounting periodic attacks on the stable phase.4

Several lines of evidence suggest that the immune
system plays an integral and perhaps defining role
in the development of MS5; alternative theories of
MS pathogenesis state that a chronic viral infection

may contribute to its pathogenesis.6 It seems a
foreign antigen, such as a virus or bacteria, provides
an antigenic trigger for MS autoimmunity through
molecular mimicry.7 However, the cause of MS
remains unknown.8

Most upper respiratory tract infections are viral in
nature. According to previous studies, the risk of
MS is increased after infection with infectious mono-
nucleosis.9,10 Other than these widely inspected
viruses, some reports are suggesting an association
between MS and other infections like the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).6
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Simultaneous involvement of two mechanisms has
been proposed for this concurrence, first, an enhanced
inflammatory response, which results in blood–brain
barrier dysfunction and subsequent immune cell migra-
tion into the CNS, and the second is a direct neuroinva-
sion.11–13

MS attacks have been linked to upper respiratory
infections (URIs); however, SARS-COV2 has not
been compared to other URIs to determine whether
attack rates differ.14 This study aimed to evaluate
the attack rate and the results of neuroimaging in
MS patients with URI caused by COVID-19 and
non-COVID-19 infections (NC-URI). We conduct a
prospective, longitudinal investigation in a cohort of
Iranian men and women in Sina Hospital and an add-
itional outpatient clinic to assess MS during the
COVID-19 pandemic.

Method

Patients
A prospective, longitudinal study design was used to
follow a cohort of 362 patients aged between 20 and
65 years (from May 2020 to April 2021) and diag-
nosed with RRMS according to the 2017 McDonald
criteria.15 This study was conducted at the tertiary
MS Center of Sina Hospital in Tehran based on the
MS-COVID-19 registry system of Iran16 (The
Nationwide MS Registry of Iran [NMSRI] is a
dynamic, follow-up-based registry17). We enrolled
patients with (a) age between 20 and 65 years, (b) a
definitive diagnosis of RRMS per the revised
McDonald criteria15 (by a neurologist ANM), and
(c) the willingness to undergo a magnetic resonance
imaging (MRI) scan upon initial evaluation.
Exclusion criteria were as follows: (a) moribund
patients that were not expected to survive to the end
of the study, (b) the existence of a confounding under-
lying condition that would invalidate MS evaluation
like other neurologic diseases, anoxic brain injury, or
intracranial neurotrauma, and (c) inability to understand
Persian. All patients gave written informed consent.
The medical ethics committee of our hospital approved
the study protocol (IR.AJAUMS.REC.1399.222).

Study design
The enrollment phase runs from May 2020 to July
2020. At baseline, the patients’ basic demographics,
Kurtzke’s Expanded Disability Status Scale (EDSS),
and functional system sub-scores were assessed by
trained individuals, independent of their medical
care. A study center staff member instructed the
patients to call when they felt sick or experienced

neurological impairment and visit the outpatient
clinic every 12 weeks (specific dates were set for
each patient). After a suspected infection or exacerba-
tion, an additional outpatient clinic visit was sched-
uled within 3 days. In the case of suspected
infection (worsening of cold symptoms, including
nasal congestion, nasal discharge, fever, cough,
myalgia, and headache). Nasal swab specimens
were collected in duplicate to detect SARS-CoV-2
(COVID-19) by reverse transcriptase-polymerase
chain reaction (RT-PCR). Patients kept a weekly
diary to ensure that infections and neurological com-
plaints were being reported to the clinician throughout
the entire study period. Each patient was prospect-
ively followed for 48 weeks (four outpatient visits
at intervals of 12 weeks). Patients kept a weekly
diary to ensure that infections and neurological com-
plaints were being reported to the clinician throughout
the entire study period. The data were analyzed using
Sibley’s definition of the at-risk period (ARP) for MS
attacks, extending from 2 weeks before to 5 weeks
after the URI.18 We embedded the relapse/infection
information with other questions to mask the specific
hypothesis under investigation. Independent exami-
ners, blind to the other factor, checked both relapses
and infections. An illustration of the study design
and follow-up strategies for enrolled participants is
presented in Figure 1.

Definitions
An exacerbation of multiple sclerosis was defined as
developing a new neurological symptom or worsen-
ing an existing symptom or symptoms attributable
to multiple sclerosis lasting >24 h after a period of
≥30 days of improvement or stability.19 Neurological
deterioration only temporarily associated with a period
of fever was not considered an exacerbation.
Infections were defined as the onset of or definite wor-
sening of cold symptoms, including nasal congestion,
nasal discharge, fever, cough, myalgias, and head-
ache. In the case of suspected infection, nasal swab
specimens were collected in duplicate to detect
SARS-CoV-2 (COVID-19) by RT-PCR. The PCR
results of COVID-19 captured URIs in two categor-
ies: COVID-19 and NC-URIs. Symptoms of gastro-
intestinal or urinary tract infections were not
included in this analysis. The state of COVID-19 vac-
cination was not assessed as a variable in this study
because only 18 patients got the first dose of
COVID-19 in the last 3 months of follow-up.

MRI protocol
AnMRI scan was performed on all patients before the
study; in case of exacerbation, an MRI scan was

University of Medical
Science, Tehran, Iran

Mona Sedaghat,
Faculty of Medicine, Razi
Educational and Therapeutic
Psychiatric Center,
University of Social Welfare
and Rehabilitation, Tehran,
Iran

Anahita Najafi,
Simin Khayatzadeh
Kakhki,
Pouya Torabi,
Faculty of Medicine, Tehran
University of Medical
Science, Tehran, Iran

Niloofar Jafarimehrabady,
School of Medicine,
University of Pavia, Pavia,
Italy

Ali Bitaraf,
School of Medicine,
Kermanshah University of
Medical Sciences,
Kermanshah, Iran

Houria Shariati,
Azad University of Medical
Science, Tehran, Iran

Golsa Gholampour,
Saminnaz Kazemi,
Faculty of Medicine, Tehran
University of Medical
Science, Tehran, Iran

Abdorreza Naser
Moghadasi,
Multiple Sclerosis Research
Center, Neuroscience
Institute, Tehran University
of Medical Sciences, Tehran,
Iran

Maryam Vajihinejad,
Department of Pathology,
Shahid Sadoughi University
of Medical Sciences, Yazd,
Iran

Multiple Sclerosis Journal—Experimental, Translational and Clinical

2 www.sagepub.com/msjetc



performed 4 weeks after the onset of exacerbation.
A 1.5 T MRI system (Philips NT, Best, The
Netherlands) was used to obtain SE T1-weighted pre-
and post-GAD-DTPA (diethylenetriaminepentaacetic
acid) images (5 mm slices with 0.5 mm gap, TR [repe-
tition time]= 450ms, TE [echo time]= 15ms, FOV
[field of view]= 230 mm, matrix= 256× 256); the
dose of GAD-DTPA was 0.1 mmol/kg. The number
of enhancing lesions and the estimated volumes of the
enhancing tissue were measured in all scans performed.

Statistical methods
We used Sibley’s “at-risk” period for MS attacks,
which begins 2 weeks before a URI and ends 5
weeks afterward.18 The ARP was determined for
each patient, and the number of exacerbations occur-
ring within and outside the ARP was counted.
Exacerbation rates during and outside ARPs were
compared using Poisson analysis and determined
exacerbation rate ratios (RR). The MRI parameters
were tested with chi-square analysis. The results are
expressed as an odds ratio with 95% confidence inter-
vals (95% CIs).

Results

Patient characteristics
Three hundred sixty-two patients were included (312
women and 50 men) in the enrollment phase. Fifteen

patients withdrew after the intake visit (excluded from
the study); 13 patients withdrew after the first regular
visit; 12 after the second one, and 18 after the third
visit. Three hundred and twelve of the subjects
(86%) were female, similar to the general RRMS
population. The average age was 38.3 years (range
20–65 years), and the average disease duration from
diagnosis was 5.7 years (range 2–28 years). The
average EDSS at entry was 1.9 (range 0–6.0), and
the average number of exacerbations in the 2 years
preceding enrollment was 1.8. A total of 301 patient-
years (15,684 weeks) of follow-up were recorded,
with an average follow-up of 45 weeks per patient.
There was a total of 1307 visits to the outpatient
clinic (approximately 3.7 visits per patient).

MS attacks and URIs
A total of 187 URIs was recorded in 122 patients, an
average of 0.7 (range: 0–3) infections per year. A total
of 57% of URIs were classified as COVID-19 and
43% as NC-URI. There were no statistically signifi-
cant differences between exacerbations occurring
during or outside the ARP according to age, gender,
or DMT type. A total of 311 exacerbations occurred
in 240 patients, resulting in an average exacerbation
rate of 1.03 per patient per year (range: 0–4 per
year). Fifty-three out of the total number of 311
exacerbations (17%) started during the ARP. These

Figure 1. The study design and the follow-up strategy for the enrolled subjects. #Weeks of follow-up for patients who had
remained in the study throughout. *Patients’ follow-up weeks were determined based on the last stage they reached before
their departure (If a patient left prior to their initial visit, they were omitted from the study and their follow-up weeks were not
recorded).
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exacerbations started on average 6 days after the clin-
ical onset of infection, with only five exacerbations
(9%) preceding the onset of infection.

Increased risk of exacerbation around the time of URIs
There was a higher rate of exacerbations during the
infection period (Table 1). For this period, the exacer-
bation RR was 2.24 (95% CI: 1.7–5.3, p < 0.001,
χ2= 16.8). NC-URIs (RR= 2.39, 95% CI: 1.7–6.7,
p < 0.001, χ2= 13.2) or COVID-19 (RR= 2.13, 95%
CI: 1.5–5.3, p= 0.001, χ2= 11.1) infection have
both resulted in an increased risk of exacerbation,
but COVID-19’s effect was not different from
NC-URIs (p= 0.62, χ2= 0.23).

Infection did not affect GAD enhancement
The average number of GAD-enhancing lesions per
MRI was 0.52 at baseline. MRI scans were performed
4 weeks after clinically established exacerbations in
230 of the 311 cases. There were 22 and 23 scans
taken after exacerbations that had been triggered
by COVID-19-URIs and NC-URIs, respectively,
while 188 scans were taken after exacerbations
without URIs present. GAD-enhancing lesions were
observed in 5 (25%) exacerbations triggered by
COVID-19-URIs, 6 (26%) exacerbations triggered
by NC-URIs, and 53 (28%) without URIs; none
of which differed significantly from each other
(p > 0.05).

Discussion
This prospective, longitudinal cohort study evaluated
the attack rate and the results of neuroimaging in MS
patients with URI caused by COVID-19 and NC-URI.
Our research revealed higher rates of exacerbations
during both COVID-19 URIs and NC-URIs. Our find-
ings were comparable with the previous studies that
have reported the association of different respiratory
viral infections with MS attacks and exacerba-
tions.20–23 A recent study recorded a relative risk of
2.56 for exacerbations during ARP of COVID-19
over exacerbations outside ARP.14 Nevertheless,
another recent study revealed contradicting results
that not only COVID-19 infection does not promote
MS exacerbations but also can reduce the incidence
risk of acute relapses.24

Although the presence of new GAD-enhancing
lesions confirms exacerbations, their absence does
not invalidate a clinical diagnosis of exacerbation.
It has always been challenging for neurologists to
diagnose infection-induced worsening of symptoms,
even though the symptoms meet the criteria for
exacerbation. During the course of our study, we

attempted to minimize this diagnostic problem. In
our study, newly detected GAD-enhancing lesions
were comparable between exacerbations caused by
URIs and those without URIs. Also, exacerbations
reported by participants were considered pseudo-
exacerbations if their neurological examination did
not support an MS exacerbation. A prospective
cohort study has documented that, while viral infec-
tions lead to an increased rate of MS relapse, these
relapses are not accompanied by the formation of new
GAD-enhancing lesions.22 On the other hand, several
studies suggest parasitical infections and microbial
agents such as Helicobacter pylori might have pro-
tective effects against MS exacerbations and asso-
ciated disability, and prevent the development of
new enhancing lesions in MRI.25–30

Psychological stress is another possible contributing
factor to the observed association between COVID-19
infection and MS exacerbations. Immunosuppressive
therapies and fear of relapse have posed a great psy-
chological burden on MS patients during the current
pandemic, and as shown in previous studies, anxiety,
and stressful events are associated with an increased
relapse rate in the patients.31,32 Increased blood–
brain barrier (BBB) permeability during inflammation
is considered an important step in MS relapse patho-
genesis which is mitigated by the production of
inflammatory cytokines such as IL-1β, IL-6, and
TNF-α.23 However, similar to a previous study, we
did not observe any significant increase in gadolinium
enhancement in MRI imaging of patients after
COVID-19 infection, which contradicts the BBB
penetration hypothesis.22

An increase in the inflammatory cytokines, alongside
the activation of autoreactive T-cells during infections,
plays an important role in MS exacerbation pathogen-
esis.23 Several mechanisms contribute to the provoking
factors of MS relapses. First antigen-presenting cells,
including B cells, may activate CD4+ T cells in
response to foreign and endogenous antigens, leading
to inflammatory responses and tissue damage.33

Second, the phenomenon that we know as “molecular
mimicry” defines that sequence similarities among
foreign and self-peptides could lead to the cross-
activation of autoreactive T and B cells.34 Third,
epitope spreading, which is the induction of an auto-
immune response against normally tolerated host anti-
gens and epitopes as a consequence of the exposure of
these antigens and epitopes during immune-mediated
tissue inflammation.35–37 Fourth, pathogens may
trigger auto-reactive T and B cells bystander activation
in autoimmune susceptible individuals.22,38,39
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Our study has several limitations. First, we prospect-
ively conducted this study, which is prone to distor-
tions such as selection bias due to loss of follow-up
or patients’ informed refusal. Second, we did not
evaluate the severity of upper respiratory tract infec-
tions and long intervals between regular examinations
were another possible shortcoming. Third, since the
method of infection diagnosis was based on clinical
symptoms, patients with asymptomatic infections
were possibly underdiagnosed. Fourth, due to false-
negative RT-PCR results from upper respiratory spe-
cimens, we did not perform other characteristic
laboratory or imaging findings that can further
support the clinical diagnosis of COVID-19. In add-
ition, there is a limitation that 230 of the 311 exacer-
bations were followed by an MRI. This lack of
information may adversely affect our interpretation
of the MRI results.

Our results could be considered preliminary evi-
dence for the association between COVID-19 infec-
tion and MS exacerbations. These findings highlight

the increased risks of the recent pandemic for the
MS patient population and underscore the import-
ance of appropriate protective measures to prevent
further deterioration of the patient’s disease and
quality of life. Because of the controversy and the
scarcity of studies regarding this subject, additional
studies are required to be carried out to ascertain
the reproducibility of our results and for a more
robust conclusion. Further studies should consider
using more diagnostic tests and more serological
tests to distinguish URIs due to the overlap in
clinical signs.
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Table 1. Exacerbation rates for different upper respiratory tract infection (URI) conditions.

Condition
Follow-up
weeks Exacerbations

Annual
exacerbation rate

Rate ratio (vs.
absent-URIs) p-value (χ2)

No URIs 14,375 258 0.94 Reference Reference
COVID-19
URIs

753 29 2.00 2.13 (1.5–5.3) 0.001 (11.1)

Non-COVID
URIs

556 24 2.25 2.39 (1.7–6.7) <0.001 (13.2)

Total URIs 1309 53 2.11 2.24 (1.7–5.3) <0.001 (16.8)
Total 15,684 311 1.03 - -

This study examined exacerbation rates for different URI conditions, including COVID-19 URIs, non-COVID URIs, and
all URIs combined. The “No URIs” category represented exacerbation rates outside the ARP and served as a reference
point for comparison. During the ARP, individuals with COVID-19 URIs experienced a significantly higher exacerbation
rate compared to those without URIs. Over 753 weeks of follow-up, there were 29 exacerbations, resulting in an annual
exacerbation rate of 2.00. The RR, comparing to the No URIs group, was 2.13 (95% CI: 1.5–5.3). Similarly, individuals
with non-COVID URIs had a significantly higher exacerbation rate during the ARP. In 556 weeks of follow-up, there
were 24 exacerbations, with an annual exacerbation rate of 2.25. The RR compared to the No URIs group was 2.39 (95%
CI: 1.7–6.7). When considering all URIs, including both COVID-19 and non-COVID-19 cases, the exacerbation rate
during the ARP remained significantly higher. Over 1309 weeks of follow-up, there were 53 exacerbations, resulting in
an annual exacerbation rate of 2.11. The RR compared to the No URIs group was 2.24 (95% CI: 1.7–5.3). In the overall
analysis combining all conditions, the total number of exacerbations and weeks of follow-up were considered. The
annual exacerbation rate was calculated as 1.03. However, no RR or p-value was provided as it was not compared to the
No URIs group. Follow-up weeks: The total number of weeks of follow-up for each condition. Exacerbations: The
number of exacerbation events observed during the follow-up period. Annual exacerbation rate: The average number of
exacerbations per year based on the follow-up period. RR: the exacerbation rate of each condition to the exacerbation rate
of individuals without URIs (No URIs). The value in parentheses represents the 95% CI. p-value (χ2): The p-value
obtained from a χ2 test, indicating the statistical significance of the difference in exacerbation rates between each
condition and No URIs.CI: confidence interval; NC-URI: non-COVID-19 upper respiratory tract infection.
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