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A B S T R A C T   

Background: The objective of the present study was to estimate the effectiveness of the BBIBP-CorV vaccine (VE) 
in preventing SARS-CoV-2 infection, related hospitalization, and death among people living with multiple 
sclerosis (PLWMS). 
Methods: In this population-based retrospective observational study, data on all PLWMS, vaccination, SARS-CoV- 
2 tests, hospitalization, and deaths were collected in Isfahan, Iran between February 9, 2021, and November 4, 
2021. We estimated the hazard ratio between vaccinated (partially and fully) and unvaccinated groups using the 
Andersen-Gill extension of the Cox proportional hazards model. We also performed Cox proportional hazards 
analysis to identify risk factors for breakthrough infection and COVID-19-related hospitalization in fully- 
immunized group. 
Results: Of the 9869 PLWMS, 1368 were in partially-vaccinated group, 4107 were in the fully-vaccinated group, 
and 3794 were in the unvaccinated group. In the partially-vaccinated group, the estimated VE against COVID-19 
infection was 39.3% (16%, 56.1%), hospitalization was 64.9% (1.3%, 87.5%), and mortality was 92.7% (88.8%, 
100%). The respective results for the fully-vaccinated group were 63.9% (56%, 70.3%), 75.7% (57.5%, 86.1%), 
and 100%. Progressive MS was independently associated with a greater risk of breakthrough infection 
(HR=1.952, 95%CI: 1.174–3.246, p = 0.010). Older adults (≥50 years vs. 18–49 years, HR=3.115, 95%CI: 
1.145–8.470, p = 0.026) and those on rituximab (HR=7.584; 95% CI: 1.864–30.854; p = 0.005) were at an 
increased risk of COVID-19-related hospitalization. 
Conclusion: This study showed that two doses of the BBIBP-CorV vaccine can effectively prevent COVID-19 
infection and hospitalization among PLWMS. Old PLWMS and those who treating with rituximab are at 
increased risk of hospitalization after receiving two doses of the vaccine.   

1. Introduction 

The coronavirus disease 2019 (COVID-19) has posed significant 
challenges for people living with multiple sclerosis (PLWMS). As 

PLWMS are mostly immunocompromised, they are more susceptible to 
develop severe viral and bacterial infections (Marrodan et al., 2019). In 
addition, infections are linked to an increased risk of MS relapse (Mar
rodan et al., 2019). According to a systematic review of 87 studies, the 
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COVID-19 mortality rate was 3.0% among PLWMS, which was 
marginally higher than the 2.2% rate in the general population (Bar
zegar et al., 2021a). Notably, the majority of infected MS patients in this 
review were female and young, which protects PLWMS from severe 
COVID-19. A recent study from Italy showed higher risk of hospitali
zation, intensive care unit (ICU) admission, and mortality in MS patients 
compared to age- and sex-matched controls (Sormani et al., 2022a). 
Aging, comorbidity, greater disability, and anti-CD20 agents increase 
the severity of SARS-CoV-2 infection (Salter et al., 2021). Current evi
dence suggests that COVID-19 could trigger exacerbation of MS (Bar
zegar et al., 2021b; Garjani et al., 2021). 

Vaccination is the best strategy to lessen the morbidity and mortality 
burden of COVID-19. The WHO has authorized the emergency use of 
BBIBP-CorV, an inactivated whole-virus vaccine that was developed by 
China National Pharmaceutical Group Corporation (Sinopharm). This 
vaccine has been administered in over fifty Asian, African, and European 
countries. On February 9, 2021, the Iranian Food and Drug Adminis
tration authorized the emergency use of BBIBP-CorV, which is currently 
the most widely administered vaccine in Iran, with over 50 million 
doses. 

Immune system dysregulation in PLWMS treated with immunosup
pressive agents can result in vaccine hyporesponsiveness (Otero-R
omero et al., 2021). A growing body of literature showed a diminished 
humoral immune response following COVID-19 vaccine among MS pa
tients receiving anti-CD20 agents and fingolimod (Apostolidis et al., 
2021; Capuano et al., 2022; Etemadifar et al., 2022; Holroyd et al., 2022; 
Maniscalco et al., 2022; Ozakbas et al., 2022; Satyanarayan et al., 2022; 
Tallantyre et al., 2022; Yeo et al., 2022). This finding was also observed 
after the booster dose of the vaccine (Maniscalco et al., 2022; Wallach 
et al., 2022). Despite a low seroconversion rate, these studies have found 
a robust T-cell response. Therefore, the level of protection conferred by 
vaccination in PLWMS with insufficient humoral immunity, particularly 
those on anti-CD20 agents is unknown. Concerns exist regarding the 
effectiveness of SARS-CoV-2 vaccines in PLWMS in light of these find
ings and a slightly decreased protection against SARS-CoV-2 reinfection 
in this population (Barzegar et al., 2022). 

This study aimed to assess the effectiveness of the BBIBP-CorV vac
cine against confirmed SARS-COV2 infection, hospitalization, and 
mortality in PLWMS residing in Isfahan province, Iran. In addition, we 
sought to identify risk factors for breakthrough COVID-19 infection and 
infection-related hospitalization among fully-immunized group. 

2. Methods 

2.1. Data sources 

This retrospective population-based observational study was con
ducted in Isfahan, Iran, between February 9, 2021, and November 4, 
2021, using four datasets from the Isfahan University of Medical Sci
ences also known as Medical University of Isfahan (MUI). MUI is 
responsible for providing healthcare to all 5.2 million residents of Isfa
han province, excluding those who reside in Kashan. Since the first case 
of COVID-19 was identified in Iran, the MUI launched the Isfahan 
COVID-19 Registry (I-CORE) to collect data on all individuals who un
derwent a SARS-CoV-2 polymerase chain reaction (PCR) or rapid anti
gen test at any public or private laboratory in the province (Javanmard 
et al., 2020). The SARS-CoV-2 PCR and rapid antigen test results were 
captured regardless of the testing reason and symptoms associated with 
COVID-19. I-CORE database also included the date of hospitalization of 
all patients who were hospitalized in for-profit or non-profit hospitals 
across the province with a suspected or confirmed COVID-19 diagnosis. 
Nearly all hospitalized patients suspected of having COVID-19 were 
tested for SARS-CoV-2. The community health center stores the death 
records of Isfahan province residents who die of any cause. 

In Iran, PLWMS were given priority for COVID-19 vaccination, which 
began on February 9, 2021. Vaccine regimens in Iran included BBIBP- 

CorV, ChAdOx1 nCoV-19, Gam-COVID-Vac, Covaxin, and COVIran 
Barekat, each was administered in two doses. Isfahan MS society rec
ommended the use of the BBIBP-CorV, since this vaccine was safe, well- 
tolerated, and easily available in the province. Individual-level data on 
the date and type of SARS-CoV-2 vaccination were stored in the Inte
grated Health System’s electronic health records. 

The electronic health record (EHR) of the Vice-Chancellery for 
Clinical Affairs contains the information of nearly all confirmed PLWMS 
residing in Isfahan province (n = 10,639), except for those residing in 
Kashan. PLWMS in Isfahan province are registered with the Vice- 
Chancellery to alleviate the disease’s financial burden. The demo
graphical and clinical data included age, gender, MS duration, MS 
courses (clinically isolated syndrome [CIS], relapsing-remitting MS 
[RRMS], and progressive MS [PMS]), and disease-modifying therapy 
(DMT). 

On January 5–15, 2022, data on the demographic and clinical 
characteristics of PLWMS, testing for SARS-CoV-2, hospitalization, 
mortality, and vaccination status were extracted from the datasets and 
linked using their national identification numbers. 

This study is part of a larger project investigating the effect of SARS- 
CoV-2 vaccination on SARS-CoV-2 infection, hospitalization, and mor
tality in the Isfahan population. The study was approved by the regional 
bioethics committee of Isfahan University of Medical Sciences (IR.MUI. 
MED.REC.1400.483). 

2.2. Study population 

PLWMS who resided in Isfahan province and were 18 years or older 
were included in the study. PLWMS with a positive PCR or rapid antigen 
test for SARS-CoV-2 before or on February 9, 2022, were excluded from 
the study. We focused on the effectiveness of BBIBP-CorV since the 
majority of PLWMS had received this vaccine in the current study. 

2.3. Vaccine and outcomes 

PLWMS were categorized into three groups based on their vaccina
tion status: (a) partially-immunized (≥14 days after receiving the first 
dose), (b) fully-immunized (≥14 days after receiving the second dose), 
and (c) unvaccinated. We set a cutoff of 14 days because BBIBP- CorV’s 
immunogenicity is not fully realized until 13 days after receiving the 
vaccine (Al Kaabi et al., 2021; Pérez et al., 2021). In Iran, the recom
mended time between the first and second doses of BBIBP-CorV was 28 
days. PLWMS who received the second BBIBP-CorV dose less than 24 
days before (≥4 days earlier than the recommended interval) or more 
than 34 days after (≥7 days more than the recommended interval) the 
first dose were excluded from the vaccinated group (Pawlowski et al., 
2021). We used this interval since the reason for delaying vaccination 
was not documented. However, PLWMS who received the vaccine 
outside of this window were considered unvaccinated until the date of 
their first vaccination. The unvaccinated group also included PLWMS 
who had received no COVID-19 vaccine during study and those who had 
received vaccines rather than BBIBP-CorV. 

We defined three primary outcomes: (a) incidence of infection after 
vaccination as determined by positive SARS-CoV-2 PCR or rapid antigen 
test, (b) incidence of COVID-19-associated hospitalization in infected 
PLWMS, and (c) incidence of COVID-19-associated mortality in infected 
PLWMS. The date of the first positive PCR or rapid antigen test result 
was considered the infection date. Hospitalization associated with 
COVID-19 was defined as hospitalization within 15 days of a positive 
SARS-CoV-2 PCR or rapid antigen test (Ioannou et al., 2020). We defined 
this interval to identify hospitalized patients with confirmed COVID-19. 
COVID-19-associated mortality was defined as death occurring within 
30 days of a positive SARS-CoV-2 PCR or rapid antigen test (Ioannou 
et al., 2020; King et al., 2020). We identified factors associated with 
COVID-19 breakthrough infection after BBIBP-CorV vaccine and 
COVID-19-related hospitalization among fully-immunized group as 
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secondary outcomes. 

2.4. Statistical analysis 

Our analysis model was largely based on Jara et al. (2021) models for 
estimating the effectiveness of the CoronaVac vaccine in Chile. The Cox 
regression model was utilized to calculate the hazard ratio between the 
vaccinated and unvaccinated groups. We employed the Andersen-Gill 
extension of the Cox proportional hazards model, which allowed us to 
account for the time-varying vaccination status. Using Kaplan-Meier 
analysis, we estimated the cumulative incidence of positive 
SARS-CoV-2 testing among the unvaccinated group, PLWMS who 
received only one dose of BBIBP-CorV vaccine, and PLWMS who 
received both doses of the BBIBP-CorV vaccine. 

The date of vaccine availability for PLWMS (February 09, 2021) was 
considered the baseline date. All included subjects were followed until 
the end of the study (November 4, 2021), occurring primary outcomes, 
or death, whichever occurred first. PLWMS who received a vaccine 
rather than BBIBP-CorV were considered unvaccinated and were fol
lowed up until the date of receiving the first dose of vaccine or other end- 
points. To assess the effectiveness of the initial vaccine dose, PLWMS 
with a positive COVID-19 test within 13 days of vaccination were 

excluded from the partially-vaccinated group. To analyze the effec
tiveness of the second dose, those who had a positive test up to 13 days 
after receiving the second dose were excluded from the fully-vaccinated 
group. Vaccine effectiveness (VE) (%) was calculated as 100 * (1 - 
adjusted hazard ratio). The models were adjusted for potential con
founding variables such as age, gender, MS course, and MS duration. 

We used Cox proportional hazards analysis to determine the associ
ation between clinical factors and breakthrough infection and COVID- 
19-related hospitalization among the fully-immunized group. Age 
(younger adults: 18–49 years vs. older adults: ≥50 years), gender, MS 
course (RRMS vs. progressive MS [PMS]), DMTs, and disease duration 
were identified as possible risk factors. To examine the association be
tween MS treatment and the study outcomes, DMTs were categorized as 
interferon, fingolimod, rituximab, and others (all other PLWMS). 
Inequality in the sample size of each DMTs (higher use of interferon and 
rituximab) could be problematic. Therefore, we categorized all PLWMS 
except those on interferon, fingolimod, and rituximab as a group. We 
selected this group as the reference category due to its high frequency. 
The significant factors associated with outcomes in the univariate model 
were incorporated into the final multivariate model using the backward 
stepwise selection method. P values <0.05 (two-tailed) were considered 
significant in all analyses. The statistical analysis was conducted with 

Fig. 1. Flowchart of the study.  
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SPSS version 23.0. (SPSS Inc., Chicago, IL). 

3. Results 

We excluded PLWMS who developed COVID-19 before receiving the 
COVID-19 vaccine (n = 663) and those who were 18 years or younger (n 
= 107), leaving 9869 as study subjects. Fig. 1 illustrates the study’s 
flowchart. In total, there were 1368 PLWMS in the partially-vaccinated 
group and 4107 in the fully-vaccinated group. During the study period, 
3794 PLWMS did not receive a COVID-19 vaccine. Table 1 summarizes 
the characteristics of the study groups. 

During the follow-up period, we recorded 377 (number of events/ 
10,000 person-days: 3.95) infections among the unvaccinated, 67 
(number of events/10,000 person-days: 1.72) infections among the 
partially-vaccinated, and 157 (number of events/10,000 person-days: 
1.44) infections among the fully-vaccinated. There were 56 (number 
of events/10,000 person-days: 13.41), 7 (number of events/10,000 
person-days: 8.82), and 27 (number of events/10,000 person-days: 
8.62) hospitalizations related to COVID-19 in the unvaccinated, 
partially-vaccinated, and fully-vaccinated groups, respectively. Six of 
the seven PLWMS who died from COVID-19 were unvaccinated, while 
one was partially-immunized. Fig. 2 depicts the crude cumulative inci
dence of COVID-19 infection and associated hospitalization after 
vaccination with BBIBP-CorV by vaccination status. In the partially- 
vaccinated group, the estimated effectiveness against COVID-19 infec
tion was 39.3% (16%, 56.1%), hospitalization was 64.9% (1.3%, 
87.5%), and mortality was 92.7% (88.8%, 100%). The respective results 
for the fully-vaccinated group were 63.9% (56%, 70.3%), 75.7% 
(57.5%, 86.1%), and 100%. 

According to the Cox univariate regression model, fully-immunized 
female PLWMS had a lower risk of infection (HR=0.686, 95%CI: 
0.486–0.967, p = 0.032) (Table 2). Progressive MS was also associated 
with breakthrough COVID-19 infection (HR=1.952, 95%CI: 
1.174–3.246, p = 0.010). Only the association between progressive MS 
and breakthrough infection remained statistically significant in the 
multivariate model (HR=1.952, 95%CI: 1.174–3.246, p = 0.010). 

Age (HR=1.049, 95%CI: 1.011–1.090, p = 0.012), disease duration 
(HR=1.055, 95%CI: 1.001–1.113, p = 0.048), and rituximab 
(HR=4.149, 95%CI: 1.197, 14.492, p = 0.025) were linked with an 
increased risk of COVID-19-related hospitalization (Table 3). In the 

multivariate model, a one-year increase in age was connected with a 
6.4% increase in the risk of COVID-19-related hospitalization 
(HR=1.064, 95%CI: 1.022–1.108, p = 0.003). Those treated with rit
uximab had a 5.81-fold increased risk of hospitalization compared to 
those in the reference group (HR=5.813; 95% CI: 1.636, 20.833; p =
0.006). 

4. Discussion 

Despite numerous clinical trials and real-world studies investigating 
the effectiveness of SARS-CoV-2 vaccination, there is still a significant 

Table 1 
Characteristics of PLWMS.  

Variables Unvaccinated N 
= 3794 

Partially 
vaccinated N 
= 1368 

Fully 
vaccinated N 
= 4107 

Sex; n (%) Female 2891 (76.2) 1090 (79.7) 3220 (78.4) 
Male 903 (23.8) 278 (20.3) 887 (21.6) 

Age; mean (SD) 38.95 (9.75) 38.54 (9.05) 40.93 (10.11) 
MS type; 

n (%) 
CIS 172 (5) 93 (7.5) 146 (3.9) 
RRMS 3075 (88.9) 1103 (89) 3377 (89.6) 
Progressive 
MS 

213 (6.2) 43 (3.5) 244 (6.5) 

MS 
drugs; 
n (%) 

Interferon 1702 (44.9) 604 (44.2) 1649 (40.2) 
Glatiramer 
acetate 

316 (8.3) 127 (9.3) 319 (7.8) 

Fingolimod 236 (6.2) 107 (7.8) 381 (9.3) 
Rituximab 679 (17.9) 209 (15.3) 859 (20.9) 
Dimethyl 
fumarate 

364 (9.6) 157 (11.4) 440 (10.7) 

Teriflunomide 172 (4.5) 63 (4.6) 255 (6.2) 
Natalizumab 27 (0.7) 4 (0.3) 22 (0.5) 
Others 173 (4.5) 51 (3.7) 141 (3.4) 
No treatment 13 (0.3%) 2 (1) 6 (0.1) 

Disease duration; mean 
(SD) 

7.66 (5.19) 7.22 (4.97) 8.33 (5.76) 

Follow up time; mean (SD) 251 (53.68) 263.2 (23.65) 265.3 (15.04) 

PLWMS: people living with multiple sclerosis; CIS: clinically isolated syndrome 
RRMS: relapsing-remitting multiple sclerosis. 

Fig. 2. Cumulative incidence of SARS-CoV-2 infection (A) and COVID-19- 
related hospitalization (B). 
The cumulative incidence of COVID-19 infection at 3 and 6 months were 0.037 
and 0.071 among the unvaccinated, 0.017 and 0.032 among the partially- 
vaccinated, 0.013 and 0.026 among the fully-vaccinated, respectively. The 
cumulative incidence of COVID-19-related hospitalization at 3 and 6 months 
were 0.1 and 0.26 among the unvaccinated, 0.03 and 0.15 among the partially- 
vaccinated, and 0.01 and 0.11 among the fully-vaccinated, respectively. 

Table 2 
Factors associated with breakthrough SARS-CoV-2 infection after vaccination 
among fully-immunized group.  

Variables Univariate Multivariate 
HR (95% CI) P 

value 
HR (95% CI) P 

value 

Sex (Ref.=Male) 0.686 
(0.486–0.967) 

0.032 0.760 
(0.526–1.099) 

0.145 

Age (Ref.=less than 50) 1.003 
(0.804–1.250) 

0.981 – – 

MS type (Ref.=RRMS) 1.952 
(1.174–3.246) 

0.010 1.952 
(1.174–3.246) 

0.010 

DMTs 
(Ref.= All 
other 
patients) 

RTX 1.349 
(0.894,2.036) 

0.153 – – 

FNG 0.526 (0.248, 
1.113) 

0.093 – – 

IFN 0.914 (0.622, 
1.344) 

0.651 – – 

Disease duration 1.002 
(0.976–1.029) 

0.872 – – 

Ref: reference; RRMS: relapsing-remitting multiple sclerosis; DMTs: disease- 
modifying therapies, RTX: rituximab; FNG: fingolimod; IFN: interferon. 
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knowledge gap regarding the effectiveness of vaccines in the MS popu
lation. This population-based observational study provided strong evi
dence that the full dose of BBIBP-CorV vaccine can effectively prevent 
COVID-19 infection and hospitalization among PLWMS. We observed 
an increased risk of hospitalization in fully-immunized COVID-19 peo
ple who were treated with rituximab. 

A single dose of the vaccine was estimated to be 39% effective in 
preventing infection, which is lower than the estimate of 85.4% in 
Serbian adults aged ≥60 (Petrović et al., 2022) but higher than the es
timate of 15.5% after the first dose of CoronaVac reported by Jara et al. 
(2021). A partial vaccination was associated with a 64.9% (1.3%−

87.5%) reduction in the risk of hospitalization. Although this is strong 
statistical evidence that a single dose of the vaccine reduced the risk of 
COVID-19-related hospitalization, the large confidence interval result
ing from the small sample size and the low number of events reduces the 
estimate’s accuracy. Inactive vaccines induce a weak immune response 
after the initial dose, necessitating additional doses to provide adequate 
protection against infection (Pérez et al., 2021; Xia et al., 2020). As a 
result, precautions should be taken until the second dose is received. 

As anticipated, administering the second dose of BBIBP-CorV 
increased the VE against COVID-19 infection and hospitalization. 
Among those who received the full vaccination, 64% were protected 
from contracting the disease. This is comparable to the 68.7% estimate 
reported in Hungary (Vokó et al., 2022) but lower than some earlier 
studies. The interim analysis of a phase-3 randomized clinical trial 
conducted in the United Arab Emirates and Bahrain demonstrated 
78.1% efficacy against symptomatic COVID-19 infection (Al Kaabi et al., 
2021). In an Iranian retrospective cohort study, the VE against the 
infection was 79.9% (Mirahmadizadeh et al., 2022). In our study, the VE 
against hospitalization was 75.7%, which is lower than the 100% re
ported in clinical trials for preventing COVID-19-related hospitalization 
and severe infection (Al Kaabi et al., 2021; Tanriover et al., 2021). 
However, this finding is consistent with a recent meta-analysis of nine 
real-world studies that reported the pooled effectiveness of inactivated 
vaccines to be 79.10% (95% CI: 71.69 to 86.51) (Fu et al., 2022). 

In this study, only one death was detected in the vaccinated group 
(partially-vaccinated group), possibly leading to an overestimation of 
the VE against death. During the follow-up, however, there were six 
deaths in the unvaccinated group. We, therefore, hypothesized that two 
doses of BBIBP-CorV could prevent mortality in the MS population. Our 
estimate falls within the 85% to 97% range reported by real-world 
studies for the VE against COVID-19-related mortality (Al Kaabi et al., 
2022; AlHosani et al., 2022; Mirahmadizadeh et al., 2022). 

Our results showed that people with progressive MS were at a greater 

risk for breakthrough COVID-19 infection. This may be due to advanced 
age and multiple comorbidities in progressive MS patients (Sun et al., 
2022). A greater disability could also contribute to severe COVID-19 
outcomes after receiving the vaccine. Another possible explanation is 
the poor humoral and cellular immune response in progressive MS pa
tients, as observed in convalescent COVID-19 patients (Zabalza et al., 
2022). Antibody level following the second dose of mRNA vaccine was 
the only significant factor for breakthrough infection in the CovaXiMS 
study from Italy (Sormani et al., 2022b). Studies on the general popu
lation found that a prior COVID-19 infection, being male, obesity, and 
smoking may have an association with an increased risk of vaccine 
breakthrough infection (Basso et al., 2022; Stouten et al., 2022). 

We found an association between aging and increased hospitaliza
tion risk. This is supported by previous studies with unvaccinated in
dividuals indicating that aging contributes to an adverse COVID-19 
outcome (Li et al., 2021; Sun et al., 2022). Studies showed that the ef
ficacy of SARS-CoV-2 vaccines varied by age. We observed an increased 
odd of hospitalization among older PLWMS compared to the younger 
adult people (50–79 years vs. 18–49 years). In a prospective nested case 
control study, compared to people aged 18–64 years, those who were 
65–84 and ≥80 years had a greater risk of hospitalization and death 
from COVID-19 after receiving first dose of BNT162b2 or ChAdOx1 
vaccines (Agrawal et al., 2021). A study from the United Kingdom found 
an increased risk of severe COVID-19 outcome after receiving two doses 
of mRNA-1273 or BNT162b2 in patients who were 50 years or older 
compared to younger patients (Agrawal et al., 2022). This suggests that 
the effect of age on COVID-19 outcomes after vaccination in MS people 
might be similar to what was observed among the general population. 
However, due to the small sample size, we were unable to identify the 
age threshold for severe COVID-19 outcomes after vaccination. 

Rituximab was another factor that was independently associated 
with an increased risk of COVID-19-related hospitalization in fully- 
immunized group. Our result supports the growing evidence that rit
uximab may impair the vaccine-induced immune response in MS pa
tients (Apostolidis et al., 2021; Ciampi et al., 2022; Etemadifar et al., 
2022; Tallantyre et al., 2022). Studies on rituximab-treated patients 
with other autoimmune disorders such as inflammatory rheumatic dis
eases and musculoskeletal diseases showed impaired immune responses 
after SARS-CoV-2 vaccination (Batıbay et al., 2022; Furer et al., 2021; 
Kroon et al., 2022; Moor et al., 2021; Zheng et al., 2022). However, some 
found suitable immunity after vaccination among rituximab-treated 
patients (Takai et al., 2022). The protective response following 
SARS-CoV-2 in rituximab-treated patients is related to the interval be
tween the last rituximab exposure and receiving the vaccine, rituximab 
concentration, and/or B cell counts in peripheral blood (Ammitzbøll 
et al., 2022; Spiera et al., 2021; Takai et al., 2022; Woopen et al., 2022). 

The strength of this study lies in its use of a rich population-based 
dataset, which included information on all SARS-CoV-2 tests, COVID- 
19-related hospitalization, vaccination, and death in the province. In 
addition, our survey included a population-based database of nearly all 
PLWMS in the province. Second, with five COVID-19 peaks and over 
700,000 SARS-CoV-2 tests, an eight-month follow-up, and a large vac
cine campaign, we could estimate VE for three outcomes: COVID-19 
infection, hospitalization, and mortality. 

There are limitations to this study. The absence of data on comor
bidity, the severity of MS, and socioeconomic status, which are risk 
factors for acquiring COVID-19 and its severity, could influence the 
analyses. A systematic distinction exists between the vaccinated and 
unvaccinated groups. PLWMS who received SARS-CoV-2 vaccines could 
be more likely to follow the precautions to prevent catching COVID-19. 
These patients might have a more tendency to perform the SARS-CoV-2 
tests when they developed respiratory symptoms. This can lead to an 
overestimation of VE. We attempted to reduce the differences by 
adjusting for age, gender, MS duration, and MS course. Our database did 
not contain information on the severity of COVID-19, such as the need 
for oxygen therapy or intensive care admission. The reason for not 

Table 3 
Factors associated with COVID-19-related hospitalization after vaccination 
among fully-immunized patients.  

Variables Univariate Multivariable 
HR (95% CI) P 

value 
HR (95% CI) P 

value 

Sex (Ref.=Male) 1.422 
(0.613–3.298) 

0.412 – – 

Age (Ref.=less than 
50) 

2.504 
(1.045–6.003) 

0.040 3.115 
(1.145–8.470) 

0.026 

MS type (Ref.=RRMS) 2.271 
(0.933–5.529) 

0.071 – – 

DMTs (Ref.=
All other 
patients)  

RTX 4.149 (1.197, 
14.492) 

0.025 7.584 
(1.864–30.854) 

0.005 

FNG 2.564 (0.424, 
15.384) 

0.305 – – 

IFN 1.718 (0.442, 
6.666) 

0.434 – – 

Disease duration 1.055 
(1.001–1.113) 

0.048 1.041 
(0.971–1.117) 

0.258 

Ref: reference; RRMS: relapsing-remitting multiple sclerosis; DMTs: disease- 
modifying therapies, RTX: rituximab; FNG: fingolimod; IFN: interferon. 
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receiving the second dose of the vaccine in partially-vaccinated group 
was not documented. To identify hospitalization due to COVID-19, we 
established a positive test timeframe. A hospitalization for COVID-19 
infection near the end of this period may lead to misclassification. 
However, the risk of bias is low because the majority of hospitalizations 
occurred within two weeks of a positive test result (Nyberg et al., 2021). 
Not all individuals who died during the follow-up period were tested for 
COVID-19. Consequently, if some people died of COVID-19 but were not 
tested for COVID-19, this would go undetected and skew our mortality 
estimates. Our database did not include the SARS-CoV-2 variant. We 
were unable to include a representative control group of the general 
population because mass vaccination of the general population began 
after the study’s conclusion. We compared VE against hospitalization 
and mortality with previous real-world studies. Direct comparisons be
tween our results and those of other studies should be made with caution 
due to differences in health policy, vaccine coverage, infection preva
lence, predominant variant, research methodology, and follow-up 
period. 

Overall, to the best of our knowledge, this is one of the first studies to 
examine the effectiveness of any COVID-19 vaccine in the MS popula
tion. According to the present study, two doses of the BBIBP-CorV vac
cine were associated with a 75.7% reduction in hospitalization risk and a 
100% reduction in mortality risk. After vaccination, elderly PLWMS and 
those receiving rituximab are more likely to develop a severe infection. 
Further research with a control group is required to compare the 
effectiveness of SARS-CoV-2 vaccines between PLWMS and the general 
population. 
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SARS-CoV-2 Vaccines in Preventing COVID-19 among Adults Aged≥ 60 Years in 
Vojvodina, Serbia. Vaccines 10 (3), 389. 

Salter, A., Fox, R.J., Newsome, S.D., Halper, J., Li, D.K., Kanellis, P., Costello, K., 
Bebo, B., Rammohan, K., Cutter, G.R., 2021. Outcomes and risk factors associated 
with SARS-CoV-2 infection in a North American registry of patients with multiple 
sclerosis. JAMA Neurol. 78 (6), 699–708. 

Satyanarayan, S., Safi, N., Sorets, T., Filomena, S., Zhang, Y., Klineova, S., Fabian, M., 
Horng, S., Tankou, S., Miller, A., 2022. Differential antibody response to COVID-19 
vaccines across immunomodulatory therapies for multiple sclerosis. Mult. Scler. 
Relat. Disord. 62, 103737. 

Sormani, M.P., Schiavetti, I., Carmisciano, L., Cordioli, C., Filippi, M., Radaelli, M., 
Immovilli, P., Capobianco, M., De Rossi, N., Brichetto, G., 2022a. COVID-19 severity 
in multiple sclerosis: putting data into context. Neurol. Neuroimmunol. 
Neuroinflamm. 9 (1). 

Sormani, M.P., Schiavetti, I., Inglese, M., Carmisciano, L., Laroni, A., Lapucci, C., 
Visconti, V., Serrati, C., Gandoglia, I., Tassinari, T., 2022b. Breakthrough SARS-CoV- 
2 infections after COVID-19 mRNA vaccination in MS patients on disease modifying 
therapies during the Delta and the Omicron waves in Italy. EBioMedicine 80, 
104042. 

Spiera, R., Jinich, S., Jannat-Khah, D., 2021. Rituximab, but not other antirheumatic 
therapies, is associated with impaired serological response to SARS-CoV-2 
vaccination in patients with rheumatic diseases. Ann. Rheum. Dis. 80 (10), 
1357–1359. 

Stouten, V., Hubin, P., Haarhuis, F., van Loenhout, J.A., Billuart, M., Brondeel, R., 
Braeye, T., Van Oyen, H., Wyndham-Thomas, C., Catteau, L., 2022. Incidence and 
risk factors of COVID-19 vaccine breakthrough infections: a prospective cohort study 
in Belgium. Viruses 14 (4), 802. 

Sun, J., Zheng, Q., Madhira, V., Olex, A.L., Anzalone, A.J., Vinson, A., Singh, J.A., 
French, E., Abraham, A.G., Mathew, J., 2022. Association between immune 
dysfunction and COVID-19 breakthrough infection after SARS-CoV-2 vaccination in 
the US. JAMA Intern Med 182 (2), 153–162. 

Takai, S., Nishida, H., Ito, H., Fukuhara, H., Nawano, T., Narisawa, T., Kanno, H., 
Yagi, M., Yamagishi, A., Sakurai, T., 2022. Immunogenicity and safety of two doses 
of SARS-CoV-2 mRNA vaccine in kidney transplant recipients with low-dose 
rituximab. Int. J. Urol. 29 (11), 1279–1286. 

Tallantyre, E.C., Vickaryous, N., Anderson, V., Asardag, A.N., Baker, D., Bestwick, J., 
Bramhall, K., Chance, R., Evangelou, N., George, K., 2022. Covid-19 vaccine 
response in people with multiple sclerosis. Ann. Neurol. 91 (1), 89–100. 
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