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ARTICLE INFO ABSTRACT
Keywords: Background: Various studies indicated blunted humoral responses to COVID-19 mRNA and viral vector vaccines
Multiple sclerosis among people with multiple sclerosis (pwMS) on sphingosine 1-phosphate receptor (S1PR) modulators and anti-

Disease-modifying therapies
COVID-19 vaccines
SARS-CoV-2

BBIBP-CorV

CD20 therapies (aCD20); however, limited evidence was found regarding SARS-CoV-2 serology after inactivated
virus vaccination.

Objective: To provide evidence regarding humoral response to COVID-19 inactivated virus vaccination among
pwMS on disease-modifying therapies (DMTs).

Methods: A cohort study was carried out in Isfahan, Iran, enrolling DMT-exposed pwMS and unexposed (UX)
healthy participants. Post-vaccination anti-SARS-CoV-2 Spike IgG serology testing was carried out among the
participants and compared between participants based on their DMT exposure, using proper statistical tests. A
multivariable logistic regression model was used to control for confounding. Association between the second
vaccine dose-to-phlebotomy (vac2phleb) and the humoral response was investigated in each DMT-exposed
cohort, using linear regression. Among the aCD20 cohort, the association of the last aCD20 infusion-to-first
vaccine dose period with serostatus was investigated using an unpaired t-test.

Resuits: After enrolling 358 participants (144 pwMS and 214 healthy), blunted humoral responses were only
observed in fingolimod (Log1o mean diff. [SE]: 0.72 [0.18], P = 0.001) and aCD20 (Log;¢ mean diff. [SE]: 0.75
[0.15], P < 0.001) cohorts compared to the UX cohort. Multivariable analysis confirmed the results. The study
did not achieve enough statistical power to detect a significant association between the vac2phleb period and
humoral responses. The last aCD20 infusion to first vaccination dose period was longer in the seroconverted
pwMS on aCD20 (mean diff. [SE]: 8.43 weeks [2.57], P = 0.005).

Conclusion: The results of this study mirrored the results of previous studies among mRNA- or viral vector-
vaccinated pwMS on DMTs. Therefore, it can be concluded that mode of action contributes less than timing,
to the efficiency of vaccination strategies among pwMS on DMTs — especially the ones on SIPR modulators and
aCD20. Meanwhile, the mentioned pwMS should be advised to receive early boosters and remain vigilant until
further data becomes available and more efficient vaccination strategies are crafted.
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1. Introduction

People with multiple sclerosis (pwMS) are believed to be more sus-
ceptible to worse COVID-19 outcomes due to their disabilities and being
on immunomodulatory disease-modifying therapies (DMTs) (Etemadi-
far et al., 2021). Therefore, prioritization of their COVID-19 vaccination
was — and still is — among the adapted strategies in many regions (Zheng
et al., 2020). Concerns are, however, raised again among the experts,
with various studies reporting blunted humoral responses to mRNA and
viral vector vaccines among pwMS treated with anti-CD20 therapies
(aCD20) and sphingosine 1-phosphate receptor (S1PR) modulators
(Achiron et al., 2021; Chilimuri et al., 2021; Drulovic et al., 2021; Moor
et al., 2021; S et al., 2021; Stefanski et al., 2021; Sormani et al., 2021a;
Tallantyre et al., 2021a; Apostolidis et al., 2021; Novak et al., 2021;
Sabatino et al., 2021). Therefore, adopting strategies for the efficient
administration of booster doses has gained more importance among
these pwMS. Individualized selection of the booster type may be one of
the most important contributors to the efficacy of the adopted strategies,
especially among the ones on S1PR modulators who seem to show
inconsistent post-infection and post-vaccination humoral responses
(Rommer et al., 2021).

The BBIBP-CorV COVID-19 vaccine (Sinopharm, China) uses the
whole viral particles of the 19nCoV-CDC-Tan-HBO02 strain of the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in addition to
aluminum hydroxide adjuvant, and therefore, presents a wide range of
immunogens to the immune system. Therefore, it might be a worthy
opponent for mRNA- and viral vector-based vaccines in eliciting hu-
moral responses among pwMS on DMTSs, specifically those on aCD20
therapies and S1PR modulators. The present study aimed to provide
evidence regarding the responses to COVID-19 inactivated virus vacci-
nation among pwMS on DMTs.

2. Methods
2.1. Design, setting, and participants

This cohort study was designed and conducted in Isfahan, Iran, from
August until October 2021. The inclusion criteria for the exposed cohort
were predefined as 1) definitive diagnosis of MS based on the revised
McDonalds criteria (Thompson et al., 2018) at least one year before the
study; and 2) receiving a DMT. The inclusion criteria for the unexposed
(UX) cohort were defined as 1) having no history of immunosuppression
and 2) absence of any special condition. The common exclusion criteria
for all participants were predefined as 1) any history of COVID-19, 2)
being under the age of 18 years old, 3) failure of receiving full vacci-
nation based on the regimen proposed by the manufacturer, and 4)
receiving any other COVID-19 vaccine than the BBIBP-CorV. Based on
the measures calculated by previous studies on mRNA vaccines, aiming
for 80% power and a 0.05 alpha error, and considering the six available
DMT groups (interferons [IFN], glatiramer acetate [GA], dimethyl
fumarate [DMF], teriflunomide [TFN], fingolimod [FNG], and aCD20)
we initially aimed to include at least 27 participants per each DMT
group; however, no specific limit was set for the sample size. The study
was discontinued early after an interim analysis indicating adequate
statistical power regarding the primary aim.

2.2. Identification and eligibility

The possibly eligible participants for the exposed cohort were iden-
tified from their documentations in three private neurologist offices in
Isfahan, Iran. The UX cohort was identified from the referrals to an
accredited laboratory (Nobel lab, Isfahan, Iran) for elective post-
vaccination screening. After identification, the possibly-eligible pwMS
for the exposed cohort were interviewed via telephone calls by an as-
sistant to ensure eligibility, and if considered eligible and provided
consent, were considered for phlebotomy and inclusion in the study.
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After being identified through their documentations in the laboratory,
an assistant called the possibly eligible participants for the UX cohort,
who underwent phlebotomy for post-vaccination screening within a
week, to further confirm their eligibility and obtain their consent for
usage of their samples and anonymized data in the study.

2.3. Study procedures

To avoid referring immunocompromised pwMS to the laboratory, an
experienced mobile phlebotomist was sent to obtain and bring back
samples from the participants of the DMT-exposed cohort at their own
houses. The phlebotomist was further instructed to follow strict pre-
ventive protocols and to obtain the samples as quickly as possible, to
ensure the least direct contact with the immunocompromised pwMS. As
mentioned, the participants of the UX cohort underwent phlebotomy at
the laboratory before being included in the study. All samples included
five milliliters of blood, which were used to prepare sera and stored at
—20 °C until further analyses were run.

2.4. Variables and measurements

The study variables and their measurements are interpretable from
table 1. The outcome of the study was defined as the quantitative hu-
moral response to COVID-19 vaccination. Data were either obtained
from registered records of participants or via subsequent telephone in-
terviews by an assistant.

2.5. Assessment of humoral responses

An anti-Spike IgG enzyme-linked immunosorbent assay (ELISA) kit
(Quanti SARS-CoV-2 Anti-Spike IgG, Pishtazteb Diagnostics, Iran) was
used to quantify the post-vaccination humoral responses among the
participants. The mentioned kit has a reported sensitivity and specificity
of 98.16% and 99.01%, respectively, and an approved accuracy (Pish-
tazteb, 2021). The testing was carried out per manufacturer’s in-
structions (Pishtazteb, 2021) three times for each specimen, and the
mean results were reported quantitatively in relative units (RU)/ml with
a cut-off index (COI) value equal and above eight considered positive.

2.6. Bias

Three levels of potential bias were addressed in the protocol of this
study: 1) information, 2) selection, and 3) confounding. The efforts of
minimizing the mentioned biases included double-confirmation of the
measurements by an assistant, triple-performing the humoral response
testing on each specimen, screening of the whole registries of three
different private neurologist offices for eligible participants by two in-
dependent assistants, and identifying, controlling, and accounting for
the possible confounders in the analysis. All data were anonymized after
collection.

2.7. Statistical methods

The distribution of the outcome measures was normalized by Log;o-
transformation of the results (Pishtazteb, 2021; Resman Rus et al.,
2021). Analysis of variance (ANOVA) and Dunnett T3 post-hoc tests
were carried out for the inter-group comparisons of outcome measures
and for the comparison of each group with the UX cohort, respectively.
Further inter-group comparisons were carried out using appropriate
parametric and non-parametric tests. Outcome measures were then
dichotomized based on the previously-mentioned COI and were used for
a multivariable logistic regression model controlling for age, sex,
expanded disability status scale (EDSS) score, MS duration, and second
dose to phlebotomy days, as possible confounders. A linear regression
model was used among each DMT-exposed cohort to investigate the
effect of each DMT on the humoral response wear-off pace in subsequent
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Table 1
Baseline characteristics of participants.
UX (n= IFN (n =28) GA (n=15) DMF (n = TFN (n = FNG (n = aCD20 (n = P
214) 27) 21) 22) 29)
Mean age (SD) [years] 41.71 45.00 37.6 (8.03) 34.93 45.29 35.18 42.72 (10.17) 0.044
(17.41) (11.23) (10.91) (9.73) (7.66)
Sex (female:male) 67:147 24:4 13:2 22:5 17:4 16:6 21:8 <0.001
Median MS duration (Range) [years] NA 14.5 (26) 4(13) 5(15) 7 (24) 10 (20) 13 (23) <0.001
MS type (R:P) NA 26:2 15:0 25:2 18:3 18:4 19:10 0.014
Median EDSS (IQR) NA 1(0.5) 1 (0.5) 1 (0.5) 1.5@1) 1.5(1.5) 2.5 (1.25) <0.001
Mean duration from second dose to phlebotomy* NA 56.20 79.15 58.52 52.26 57.28 61.67 (27.35) 0.306
(SD) [days] (27.76) (39.31) (31.42) (29.29) (33.22)

" number of missing values with respect to DMT: IFN, 13; GA, 2; DMF, 6; TFN, 7; FNG, 4; aCD20, 11.
Abbreviations: UX, unexposed; IFN, interferons; GA, glatiramer acetate; DMF, dimethyl fumarate; TFN, teriflunomide; FNG, fingolimod; aCD20, anti-CD20
therapies; SD, standard deviation; MS, multiple sclerosis; NA, not applicable; R, relapsing; P, progressive; EDSS, expanded disability status scale; IQR, interquartile
range;.

days post-vaccination. Among the participants on aCD20, the number of of participants with no missing data to validate the imputations. Sta-
weeks from the last aCD20 infusion to the first vaccination dose was tistical significance was predefined as a two-tailed P value of 0.05 and
compared between the participants with and without seroconversion, less. The statistical analyses were carried out using the SPSS 23 (IBM
using an unpaired samples t-test. Missing values were imputed using an Inc.) and Prism 9 (GraphPad Software LLC.) software for macOS.

automatic multiple imputation model (10 imputations), to maximize the
usage from the data. Sensitivity analysis was carried out on the subgroup
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Fig. 1. Study flow diagram.



M. Etemadifar et al.
2.8. Registration and ethical considerations

The protocol of this study was approved by the Isfahan University of
Medical Sciences internal research and ethical boards. Verbal and
written consent were obtained from the pwMS included in this study.
Only verbal consent was obtainable from the participants of the UX
cohort due to the remote nature of the study. No un-anonymized data
was stored in any form by the investigators, to ensure privacy protection
of the participants.
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3. Results
3.1. Baseline characteristics of participants

As interpreted from the flow diagram of the study (Fig. 1), a total of
358 participants (144 exposed and 214 unexposed) were included in the
study. The detailed baseline characteristics of the participants with
respect to their DMT exposure can be interpreted from Table 1. The
cohorts differed significantly regarding age (F: 2.19, P = 0.04, Table 1),
and as expected, the UX cohort consisted of significantly fewer females

a) b)
oz 0.0001
§ ] @ 307 0.0048
2 o 0.0030 3 ,—|
0] ] o= °
D 2 X g ;’ . oo
2 “é 8 20— ——
¥ T
> 11 - - ——t—— - - Qo ° .
2 == :
C? (&N ® .
) 0= © O
14 o k7 ‘; 10+ DQ
< .: . M
@ A+ . 4
- £ -
< 2 .
e ¢ T T T T T 1 1 0 T T
8) UX IFN GA DMF TFN FNG aCD20 NEG POS
= DMT Serostatus
c)
IFN GA DMF
3_
° ol °
1% %y o P RN g
[ ]
o} °
14 ) ..
E 0 T T 1 r T T 1 T T T 1
2 50 100 150 0 50 100 150 0 50 100 150
[72]
o -
>
3
&» TFN FNG aCD20
(14 34
<
K@
€ -]
< 2 o ° ° ° o o°
e ° % ° °
g 44 ° i °
- ° .
Joo % T '
® oo, o =
0 I I 1 I [ | 1 1 I .l Y 1 1
50 100 150 0 © ee 50 100 150 0 50 .100 150
°
-

Second vaccine dose-to-phlebotomy (Days)

Fig. 2. Summary of results. a) Distribution of humoral responses with respect to DMT exposure; The box and whiskers correspond to the 5-95 percentile (line at
median) and the dashed line shows the cut-off index for seropositivity; Significant (<0.05) P values pertaining to the pairwise comparisons with the UX cohort are
displayed above the plots; b) Distribution of last aCD20 infusion to first vaccine dose duration with respect to the serostatus of pwMS on aCD20; P value of unpaired t-
test is displayed above the plots; c¢) Distribution of humoral responses with respect to second vaccine dose to phlebotomy duration after exclusion of missing values;
The regression line is displayed. Abbreviations: RU/ml, relative units per milliliter; UX, unexposed; IFN, interferons; GA. Glatiramer acetate; DMF, dimethyl
fumarate; TFN, teriflunomide; FNG, fingolimod; aCD20, anti-CD20 therapies; NEG, negative; POS, positive.
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(y*> = 81.35, P < 0.001). The aCD20 cohort consisted of 4 participants
receiving ocrelizumab and the rest receiving rituximab. The different
DMT-exposed cohorts differed significantly regarding MS duration
(Kruskal Wallis y? = 30.04, P < 0.001), MS type (Pearson y?> = 14.20, P
= 0.01) and EDSS (Kruskal Wallis y*> = 30.23, P < 0.001) and insig-
nificantly regarding second dose-to-phlebotomy duration (F: 1.22, P =
0.31). Additionally, two pwMS on natalizumab - a male and a female
both with positive post-vaccination serostatus — electively underwent
phlebotomy but were not included in the analysis.

3.2. Results of analyses

The FNG (Log;o mean diff. [SE]: 0.72 [0.18], P = 0.001) and aCD20
(Logio mean diff. [SE]: 0.75 [0.15], P < 0.001) cohorts had a signifi-
cantly lower post-vaccination humoral response than the UX cohort
(Fig. 2a). The IFN cohort showed the least difference with the UX
regarding the humoral responses (Logio mean diff. [SE]: 0.06 [0.14], P
= 0.99) (Fig. 2a). The results were maintained after accounting for age,
sex, presence of comorbidities, MS duration, MS type, EDSS, and second
dose-to-phlebotomy duration in the multivariable logistic regression
model (Table 2). Linear regression showed no significant association
between second dose-to-phlebotomy and Log;o humoral response in any
DMT-exposed cohorts (results not shown). Sensitivity analysis by
excluding cases with missing values — which only pertained to the sec-
ond dose-to-phlebotomy variable — did not show any shifts in the results,
although positive and negative trends were observed respectively for the
TFN and GA cohorts, regarding the association between humoral
response and second dose-to-phlebotomy duration (Fig. 2c). These
trends should be interpreted with caution as they did not reach statis-
tical significance and may have resulted from variable phlebotomy
timings across the cohorts. Among the aCD20 cohort, the last aCD20
infusion-to-first dose period was longer in the seroconverted pwMS
(mean diff. [SE]: 8.43 weeks [2.57], P = 0.005) (Fig. 2b).

4. Discussion

In line with the studies regarding the mRNA- and viral vector-based
vaccines, the present study showed a blunted humoral response among
the pwMS treated with FNG and aCD20 after vaccination with the
BBIBP-CorV inactivated virus vaccine. Further measurements e.g., pre-
vaccination anti-SARS-CoV-2 N IgG serology, serology after the first
dose, cellular responses,%CD19 and%CD20 at the time of vaccination,
and anti-SARS-CoV-2 S1 receptor-binding domain (RBD) IgG serology
could have contributed to the precision of this study. Other limitations
included retrospective enrollment of participants and collection of
baseline data, uncontrolled timing of phlebotomy, and the overall
remote nature.

The blunted humoral response of pwMS on aCD20 has been well-
documented, both after infection with and vaccination against SARS-
CoV-2 (Sormani et al., 2021a; Sormani et al., 2021b). Hence, observa-
tion of a blunted humoral response was anticipated in these pwMS.
Meanwhile, various studies indicated that these pwMS show an
adequate cellular response to vaccination (Apostolidis et al., 2021;
Madelon et al., 2021; Moor et al., 2021; Sabatino et al., 2021); however,
it is unclear whether this could be translated into clinical protectiveness
(Evangelou et al., 2021)(Ghadiri et al., 2021). Further studies assessing
comparative incidence and severity of COVID-19 among pwMS on
aCD20 can provide more clarification in this regard. Furthermore, many
studies — including the present study - indicate that delaying aCD20
doses can reverse the humoral blunting in the pwMS receiving them
(Tallantyre et al., 2021b; Sormani et al., 2021a; Achiron et al., 2021);
however, the exact duration of the required delay is not clear, not to
mention that it will cost putting pwMS at risk of possible flares. Tem-
porary or permanent switching to other DMTs and early booster ad-
ministrations may be reasonable strategies to encounter humoral
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Table 2
Results of multivariable logistic regression; Significant (<0.05) P values are
bolded.

Predictor Multivariable logistic
regression (n = 142, outcome:
seroconversion)

B SE P

Age (per year) —0.017 0.023  0.467

Sex

- Female (ref)
- Male -0.363  0.515 0.481

Comorbidities

- Not present (ref)
- Present 0.475 0.506  0.348

MS duration (per year) —0.037 0.039 0.344
EDSS (per one increase) —0.048 0.329 0.885
Second dose-to-phlebotomy duration (per day)  0.004 0.008  0.580
MS type

- relapsing (ref)
- progressive -0.794 0.747  0.288
DMT
- IFN (ref)
-GA —0.688  0.850 0.418
- DMF 0.614 0.824  0.456
- TFN —-0.917 0.678 0.176
-FNG -1.859 0.719  0.010
-aCD20 -1.941 0.685 0.005

Abbreviations: B, unstandardized beta coefficient; SE, standard error; ref,
reference; MS, multiple sclerosis; EDSS, expanded disability status scale; DMT,
disease-modifying therapy; IFN, interferons; GA, glatiramer acetate; DMF,
dimethyl fumarate; TFN, teriflunomide; FNG, fingolimod; aCD20, anti-CD20
therapies.

bluntings, all of which require more data to be evaluated. The present
study indicated that the timing outweighs the mode of action, in
developing further vaccination strategies for pwMS on aCD20.

As reported by previous studies, the pwMS on S1PR modulators seem
to show adequate humoral responses to COVID-19 contraction (Sormani
et al.,, 2021b), which was not the case with mRNA- and viral
vector-based vaccines (Sormani et al., 2021a; Tallantyre et al., 2021b) -
an interesting dilemma highlighted by Rommer et al. (Rommer et al.,
2021). Rommer et al. continued to argue that the blunted immunization
observed in people on S1PR modulators, may only be the case for the
mRNA-based vaccines (Rommer et al., 2021). Based on their proposed
theory, the BBIBP-CorV inactivated virus vaccine, which presents a
broader range of antigens to the immune system may better mimic the
inflammatory responses to the actual infection, and therefore, should be
able to elicit a “complex and diverse” immune response, break through
the S1PR modulation, and enhance the seroconversion in pwMS on these
therapies. This theory was not supported by the evidence presented in
the current study. Hence, the explanation for the mentioned inconsis-
tency remains to be investigated in future studies. Furthermore, unlike
the pwMS on aCD20, a recent study showed that cellular responses are
also blunted among pwMS on S1PR modulators receiving mRNA vac-
cines (Sabatino et al., 2021). While future studies provide further data
on cellular responses of these pwMS to other vaccine types, and as
delaying/switching DMTs can prove more challenging in pwMS
receiving S1PR modulators — due to the well-documented probability of
rebound disease activity (Barry et al., 2019) — remaining vigilant and
receiving early boosters seem to be the most convenient ways of pre-
venting COVID-19 and its unfavorable outcomes in these pwMS.

Some data have highlighted drops in efficacy after approximately six
months post-vaccination with COVID-19 vaccines (Chemaitelly et al.,
2021; Levinetal., 2021). In pwMS receiving DMTs, this gradual wear-off
may theoretically have a higher pace, necessitating earlier booster
administration than the general population. The current study lacked
enough control and power to accurately estimate of the comparative
wear-off pace among these pwMS. Future studies are warranted to
provide more clarification in this regard.
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5. Conclusion

The current study on humoral responses after inactivated virus
vaccination among pwMS on DMTs mirrored the results of previous
studies, indicating that the vaccine mode of action does not significantly
affect the patterns of humoral bluntings among these pwMS. Therefore,
regardless of the type of vaccine they received, people on DMTs, espe-
cially on aCD20 and S1PR modulators, should be advised to remain
vigilant and receive their booster doses as soon as possible with any
available booster type, as the choice between receiving the inactivated
virus, viral vector, or mRNA boosters does not seem to bear as much
importance as timing. Their neurologists are advised to provide inno-
vative consultations based on the current knowledge (e.g., delaying
doses or switching DMTs) to benefit as much as possible from the
boosters and prevent the unfavorable outcomes of COVID-19, while
minimizing the risk of disease flares.
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