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People identified with Black/African American or Hispanic/Latinx ethnicity are

more likely to exhibit a more severe multiple sclerosis disease course relative to

those who identify as White. While social determinants of health account for

some of this discordant severity, investigation into contributing immunobiology

remains sparse. The limited immunologic data stands in stark contrast to the

volume of clinical studies describing ethnicity-associated discordant

presentation, and to advancement made in our understanding of MS

immunopathogenesis over the past several decades. In this perspective, we

posit that humoral immune responses offer a promising avenue to better

understand underpinnings of discordant MS severity among Black/African

American, and Hispanic/Latinx-identifying patients.
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1 Introduction

Twenty years of observational studies demonstrate that relative to those identified with

White ethnicity, people identified with Black/African American, or Hispanic/Latinx

ethnicity are more likely to experience rapidly disabling multiple sclerosis (MS). MS is a

chronic inflammatory demyelinating and neurodegenerative disease of the central nervous

system (CNS). The pathologic hallmarks of MS include accumulation of focal inflammatory

demyelinating lesions in the white matter, atrophy of cortical and deep gray matter, and the

presence of oligoclonal bands in the cerebrospinal fluid (1). Diagnosis is based on clinical

and radiological findings that support dissemination of lesions in space and time.
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Approximately 80-85% of MS patients are initially diagnosed with

relapsing remitting MS, characterized by discrete episodes of

neurological dysfunction followed by partial, complete, or no

remission (2). Over time, gradual worsening occurs in the

absence of relapse, termed secondary progressive MS.

The few studies examining potential factors that mediate

discordant MS severity among Black/African American, and

Hispanic/Latinx identified people focus primarily on social

determinants of health, such as measures of socioeconomic status.

However, the potential contribution of established immunobiological

mediators of MS pathophysiology to this discordant severity have

scarcely been reported. An emergent immunopathic role for B cells in

MS, and immunologic studies across several fields, strengthens the

importance of understanding humoral immunobiology for novel

translational insights. While the available published data exploring

the relationships between immunobiology and this discordant MS

severity is sparse, antibody production has been highlighted as a

potentially important factor.

In this review, we distill 1. the incidence of MS among Black and

Hispanic/Latinx populations, 2. The key clinical features of MS

severity among Black, and Hispanic/Latinx-identifying people; 3.

The key radiological features of MS severity among Black and

Hispanic/Latinx-identifying people, 4. The evidence of pronounced

humoral immune responses in Black, and Hispanic/Latinx-

identifying people in the contexts of infection, autoimmunity, and

MS; and 5. The present limitations as well as opportunities for

future study of discordant MS severity among Black, and Hispanic/

Latinx people.

For this review, we employ the terms ‘Black/African American’,

as well as ‘Hispanic/Latinx,’ acknowledging that they are socially

constructed identity categories that allude to a spectrum of cultural,

geographic designations, and nationalities (3). We also note that

there are several studies highlighting MS incidence and clinical

presentation of patients identifying with additional cultural, and

national identities such as indigenous populations, individuals from

the Middle East, Japan, and others (4–6). This review focuses on the

sizable and growing body of literature that specifically compares

‘Black/African American’, ‘Hispanic/Latinx,’ and ‘White’ MS

patient trends, primarily in the US context.

Our review of the literature encompassed clinical, as well as

translational immunologic studies comparing outcomes between

participants identifying with ‘Black/African American’, ‘Hispanic/

Latinx,’ and ‘White’ ethnicity categories. These studies included

indications such as MS, systemic lupus erythematosus (SLE) as well

as health status contexts of infection and public health. Our

literature search was performed on PubMed using search terms

that included the above ethnicity categories, along with the listed

indications, as well as: ‘incidence’; ‘prevalence’; ‘severity’; ‘ancestry’;

‘MRI’; ‘atrophy’; ‘IgG index’; ‘immune response’; ‘inflammation’;

‘lymphocyte’; ‘B cells’; ‘T cells’; ‘risk allele’; as appropriate. For

studies involving other related health statuses or public health

related investigations, we employed search terms that included;

‘serology’; ‘seroprevalence’; ‘vaccine response’; ‘socioeconomic

status’; ‘obesity’; ‘social determinants of health’; ‘disparities

research framework’.
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2 Incidence of MS among Black and
Hispanic/Latinx populations

Despite the widely held belief that MS is a condition that

primarily affects White-identified people with European descent

(7), recent MS incidence and prevalence rates demonstrate the

importance of taking ethnicity into account during clinical

investigation. A study of MS incidence among 2,691 Gulf war

veterans revealed that 651 individuals reporting Black/African

American ethnicity had an increased risk of developing MS [12.1

cases per 100,000, (CI 11.2-13.1)] relative to 1,792 individuals of

White ethnicity [9.3 cases per 100,000, (CI 8.9-9.8)]. A separate

incidence study of Southern Californian patients corroborated these

trends: 106 Black/African American patients,10.2 cases per 100,000;

258 White patients, 6.9 cases per 100,000; and 116 Hispanic/Latinx

patients, 2.9 cases per 100,000 (8–10). Overall MS prevalence

among this same patient population revealed comparable

proportions between Black/African American [225.8 cases per

100,000 (CI 207.1-244.5)], and White-identified patients [237.7

cases per 100,000 (CI 228.2-247.2)], with a substantially lower

prevalence among Hispanic/Latinx patients [69.9 cases per

100,000 (CI 64.4-75.5)] (11). This data, alongside the overall

increasing prevalence of MS in the US, emphasizes the

importance of ethnic-diversity in research cohorts to understand

various confounders contributing to MS burden.
3 Clinical measures of severity of
MS among Black, and Hispanic/
Latinx patients

Clinical studies over the past twenty years demonstrate that both

Black/African American, and Hispanic/Latinx MS patients exhibit a

greater risk of severe disability, faster disease progression, and faster

rate of evolution to secondary progressive MS, among other features

(Table 1) (12, 13, 15, 19–21). Other notable observed trends include

both clinical presentation, as well as radiological measures of lesions

and atrophy. The majority of these investigations focused on study

participants identifying with Black/African American ethnicity. Studies

examining differences in clinical or radiologic severity involved cohorts

comprising participants on various disease modifying therapies.

Some studies report differences in initial presentation, with Black/

African American-identifying participants more likely to present with

transverse myelitis, and Hispanic/Latinx-ethnicity being associated

with an initial presentation of optic neuritis. Among those with

clinically definite MS, expanded disability status scale scores (EDSS)

at diagnosis were ~40% greater among 79 Black/African American

patients compared to 80White patients (EDSS 2.9 vs 1.8, p<0.0002), in

a St. Louis, Missouri study cohort (21). At four-to-six years at follow

up, EDSS scores for the Black/African American cohort were

approximately twice that of White participants (EDSS 5.7 vs 2.9,

p<0.0008). Severity score metrics in several other cohorts echo these

trends, demonstrating a measure of generalizability to the disparate

clinical observations. A multicenter MS cohort of 391 Black/African
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American study participants exhibited elevated severity scores

compared to 1,255 White participants (pMSSS=4.5 vs 3.4; p<0.0001)

(12). This finding parallels observations in larger registry studies with

patients from New York (13, 19) and across multiple regions in the

US (15).

High severity scale scores (i.e. EDSS = 6 or 7) correspond to

substantial ambulatory disability and requirement of ambulatory

assistive devices. Accordingly, time-to-cane occurred 6 years sooner

(p<0.0001) and time-to-wheelchair dependency 8 years (p=0.05)

sooner among 375 Black/African American patients compared to 427

White patients (15). Similarly, 30% of Black/African American study
Frontiers in Immunology 03
participants with MS (n=79), compared to 10% of White participants

withMS (n=80), requiredwheelchair assistance at 12 years post diagnosis

(21). These trends parallel data on transition to secondary progressive

MS being more aggressive in Black/African American patients with MS

compared toWhite patients. A cohort of BrazilianMS patients of African

descent (n=33) transitioned to secondary progressive MS four years

earlier than those identifying as White (n=117) (20). This result was

reminiscent of a 3-year faster differential reported for 329 Black/African

American MS patients from a New York MS patient registry (13).

Few studies examining ethnicity-associated differences in clinical

disability or radiological measures during MS focused on or included

Hispanic/Latinx-identifying participants. Nonetheless, these also uncovered

trends for greater CNS atrophy, increased T2 lesion volume and increased

disability relative to White-identifying participants. For instance, 258

Hispanic/Latinx exhibited greater severity scale scores (pMSSS=3.9) than

1,255 White-identifying participants (pMSSS=3.4). (p<0.0001)
4 Radiological characteristics of
MS among Black, and Hispanic/
Latinx patients

Similar to clinical disease course, radiographic heterogeneity exists

across people with MS identifying across White, Black/African

American, or Hispanic/Latinx ethnicity categories. Studies

demonstrate that compared with White-identifying counterparts,

Black/African American identifying people with MS exhibit greater

volumes of both T1 and T2 weighted lesions, as well as lower

magnetization transfer ratios (22, 23). Currently, it is unknown

whether differences in the initial radiologic lesion manifestation exist

across these ethnicity groups. More recently, Black/African American-

identifying people with MS have also been shown to exhibit higher

atrophy rates of the medulla-upper cervical cord (30). The number of

studies evaluating radiographic changes among Hispanic/Latinx-

identifying patients with MS is small, but there is evidence that

Hispanic/Latinx patients may experience greater rates of both global

and regional brain volume loss when compared to White-identifying

counterparts (24). While the overall number of studies investigating

these radiographic findings across Black/African American, and

Hispanic/Latinx ethnicity is sparse, they suggest that these patient

populations do experience higher rates of neurodegeneration when

evaluating volumetric MRI changes. Further longitudinal work is

needed to better understand the potential radiological differences in

minority patients with MS as well as the impact these changes have

on disability.
5 Humoral immunity characteristics
among Black, and Hispanic/
Latinx patients

5.1 Primer on humoral immunity

Understanding the immunological underpinnings of MS is

critical for advancing treatment strategies to stop progression and
TABLE 1 Clinical or Radiological Feature relative to White-identifying
study participants.

Black/African
American

Hispanic/
Latinx

On
DMT

Higher proportion of females
(9, 12, 13)

✓ ✓ NR

Younger age at onset
(14)

✓ NR

Earlier age at diagnosis
(9, 12, 13)

✓ ✓ NR

More likely to have
transverse myelitis
(15, 16)

✓ NR

More likely to have optic
neuritis
(17, 18)

✓ NR

Greater disease severity
(12, 19)

✓ ✓ Yes1

Faster transition to
secondary progressive MS
(20)

✓ Yes1

Higher MS incidence
(8, 9)

✓ NR

More rapid disability
accumulation
(12, 15, 21)

✓ ✓ Yes1

Greater lesion volume
(22–25)

✓ ✓ Yes1

Increased lesion number
(23)

✓ Yes1

Greater retinal nerve
degeneration
(25, 26)

✓ Yes1

Greater brain atrophy
(24, 25, 27–29)

✓ ✓ Yes1

More pronounced spinal
cord atrophy
(30)

✓ Yes1

Greater mortality
(31)

✓ Yes1
‘✓’ indicates self-reported ethnicity category associated with the listed clinical or radiological
feature; Blank cell indicates clinical or radiological feature is not associated with, or
unreported for the self-reported ethnicity category indicated in the column.
‘DMT’ (Disease modifying therapy). NR = Not reported.
1 Supplementary Table 1 lists DMTs reported in indicated studies
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encourage repair. Innate and adaptive immune components are

involved in the pathogenesis of MS, exhaustively reviewed

elsewhere (32, 33). One hypothesis is that autoreactive helper T

cells drive the autoimmune response associated with MS (34). These

CD4+ helper T cells are activated by putative antigens expressed in

the brain, and incite and sustain other cell types such as CD8+ T

cells and B cells to participate in the autoimmune response (35). B

cells in particular recognize their cognate antigen, become activated

in a T-cell dependent manner and differentiate into antibody

secreting cells (ASC’s) that produce antibodies against the

activating antigen (36) (Figure 1). These principles have driven

the field, highlighting that the majority of disease modifying

therapies (DMTs) in MS focus on dampening or completely

hindering an immune response in the CNS, although the first,

and perhaps, primary action of most DMTs is in the periphery.

Other immune response mechanisms in the CNS are reviewed

elsewhere (37).
5.2 Ethnicity and humoral immunology;
impact on infection and autoimmunity

Ethnicity is associated with differential susceptibility to

infectious diseases (i.e., influenza, tuberculosis, dengue fever, HIV,

measles, smallpox), adverse events following vaccination, and

variations in immune response (38–42). For example in the

setting of infection, Black/African American and Hispanic/Latinx-

identifying individuals display significantly (p<0.0001) higher titers

of anti-SARS-CoV2 antibody (~4.6 index Specimen/Calibrator

values) compared to White-identifying individuals (~3.78 index

Specimen/Calibrator values) in a study of 8,000 plasma

donations (43).

In the setting of vaccination, people of Black/African American

ethnicity display significantly higher (p<0.0001) rubella-specific

neutralizing antibody titers (86.2) than those of White ethnicity

(61.9) following vaccination (42). Age was also a determining factor

driving ethnicity-associated differential B cell frequency and anti-

influenza antibody trends after influenza vaccination (44, 45),
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highlighting the importance of accounting for multiple

demographic variables.

In the setting of variations in immune response, ethnicity-

associated differential immune responses are reported in serology

for both auto antigens, and immunoglobulin levels among

otherwise healthy individuals (46–48), and CD5 B cells in

schizophrenia (49). Similarly, high rates of renal graft failure in

Black/African American patients are attributed to high antibody-

producing B cell frequency compared to White patients (50). The

greater antibody levels often reported for people of Black/African

American ethnicity could reflect ethnicity-associated differences in

B cell signaling pathway dynamics (51). In influenza, a reduction of

B- and T-lymphocyte attenuator (BTLA) expression in B cells is

linked to higher antibody production in Black/African American

individuals relative to White individuals (44).

Despite the paucity of reports that investigate relationships

be tween e thn ic i ty and molecu la r underp inn ings o f

hyperresponsive B cells, studies in systemic lupus erythematosus

(SLE) offer significant insight. SLE disproportionately affects people

of Black/African American and Hispanic/Latinx ethnicity

compared to people of White ethnicity (52) in incidence, and

severity (53, 54). Also, like MS, B cells play a prominent role in

promoting pathology. Careful longitudinal transcriptomic analysis

of pediatric SLE patients demonstrates an activated, B cell-derived

antibody-secreting plasma cell-like expression profile among Black/

African American patients relative to patients of other self-reported

ethnicities (55). This signature is a robust biomarker for disease

activity, is more correlated with autoreactive antibody titers than

other biomarkers, and parallels severity scale scores, which are

greatest among Black patients in the analyzed dataset. Black/African

American SLE patients may also have increased frequencies of

highly activated CD86+ memory B cells (56) and reduced

expression of FcgammaRIIB (57) (a noted component in the

balance of tolerance and autoimmunity) (58) that renders B cells

more prone to activation. While more severe SLE is also reported

among Hispanic/Latinx-identifying people, cellular immune

profiles remain under-reported (55). Of the 315 publications

focusing on Hispanic/Latinx populations with SLE spanning
FIGURE 1

Plasmablasts and plasma cells are B cell-derived antibody-secreting cells. Upon antigen encounter, naive B cells receive signals from T helper cells
and differentiate into memory B cells and plasmablasts. Plasmablasts are considered early-stage antibody secreting cells. Plasmablasts that migrate
into the bone marrow are referred to as plasma cells. Plasma cells are relatively longer-lived, and undergo limited if any proliferation. Plasma cells
are generally considered terminally differentiated antibody secreting cells.
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nearly 3 decades, nearly all focus on prevalence, response to

therapy, and some genetic risk assessments.
5.3 Ethnicity and humoral immunology;
impact on MS

Delineation of ethnicity-associated differential immune responses

in MS will likely refine our ability to identify and treat pronounced

clinical, and radiological MS presentation among Black/African

American, and Hispanic/Latinx-identified people. However,

investigation into ethnicity-associated immunologic differences in

MS is largely limited to risk allele studies (59–63). and do not

explain heightened MS disability among Black/African American

MS patients, compared to those reporting White ethnicity (63, 64).

Early evidence of B cell involvement in MS included 1) the

prevalence of polyclonal antibodies in the cerebrospinal fluid of MS

patients (27, 65–69), 2) activated memory B cells, plasmablast B cells

and antibody secreting B cells in the cerebrospinal fluid and brain

tissue that are likely from peripheral blood B cells (65, 66, 70, 71), 3)

the ability of B cells to drive disease in a mouse model of MS (72), and

4) a heightened pro-inflammatory cytokine profile that drives pro-

inflammatory T cell activation (73–75). These early studies prompted

the use of B cell depletion treatment as a therapeutic approach to MS

and has shown great efficacy (76–78). Based on the efficacy of B cell

depletion therapy for MS, some have proposed that B cells play a

central role in MS immunopathogenesis, with CNS-infiltrating

peripheral blood memory B cells primarily driving acute lesion

inflammation (76–78), while derivative ASCs contribute to gradual

ongoing CNS degenerative processes. Many of these concepts have

been demonstrated in mouse models of MS such as experimental

autoimmune encephalomyelitis (EAE) which promotes an

autoreactive lymphocyte response to myelin oligodendrocyte

protein or other CNS antigens (79, 80).

Given the importance of B cells in MS disease activity, and the

worse prognosis among Black/African American, and Hispanic/

Latinx MS patients, identifying differential ethnicity-associated

immune dynamics in MS may nuance considerations of MS

immunopathogenesis. However, scant data outside of retrospective

clinical or genetic (17, 61) analyses exist to understand the biology

underlying ethnicity-associated disparity in MS severity. More than

likely, a combination of genetics, environmental factors, behavior,

and social determinants of health (81), -all capable of influencing

immune responses- drive ethnicity-associated differential clinical

severity. Yet, differential B cell activity appears to be an important

biological correlate or contributor to disparate MS severity.

A handful of studies demonstrate that Black/African American

MS patients have a greater CNS antibody burden (67, 82, 83) and

robust intrathecal immunoglobulin responses compared to White

MS patients (82). In a retrospective analysis, oligoclonal bands were

present in the CSF of 87% of Black/African American MS patients

(n=66) compared to 74% in White MS patients (n=132), while the

median antibody (IgG) synthesis rate in Black/African American

MS patients was 5.35 mg/day greater than White MS patients(13.55

mg/day vs. 8.2 mg/day p<0.01) (82). There was a positive

association (c2 = 3.54; gl=1, p=0.051) between Brazilian MS
Frontiers in Immunology 05
patients of self-described African descent and the presence of

OCBs (83). Finally, a chart review study compared IgG index in

300 Black andWhite MS patients in Detroit, Michigan (67). Despite

similar disease duration and the interval between symptom onset

and treatment, the 150 Black/African American MS patients

exhibited significantly higher IgG index (1.50 vs 1.07 p<0.0005),

relative to 150 White patient counterparts. Importantly, higher IgG

index correlated with increased gadolinium enhancing lesions, grey

matter atrophy, and spinal cord atrophy (67).

A second line of evidence stems from the general association

between ASCs as key biological contributors to ethnicity-associated

differential CNS pathology (71, 84–90) and clinical progression (84,

91–94). Intrathecal (CSF) ASCs are elevated in the presence of

active lesions (71) and positively correlate with enhancing lesion

volume in MS (r=0.441 p<0.001) (84). This suggests that the greater

lesion number (23) and lesion volume (22, 23) exhibited by Black/

African American MS patients relative to White patients may result

from differential immunopathic ASC dynamics. Consistent with

this notion, intrathecal antibodies strongly correlate with grey

matter atrophy among Black MS patients (r= -0.893 p<0.00004)

but not White patients (r= -0.019. p<0.85) after correction for age,

T2 lesion burden, EDSS, and disease course (p<0.0005) (67).

A third line of evidence includes the only published

investigation into differential ASC frequency in relapsing-

remitting MS to date of self-reported Black/African American,

and Hispanic/Latinx identity (95). The sample population

included MS patients on natalizumab (‘Black’ n=17, ‘Latin

American’ n=10, ‘White’ n=27), as well as those off of disease

modifying therapies (‘Black’ n=8, ‘Latin American’ n=4, ‘White’

n=8); and a cohort of healthy participants (‘Black’ n=8, ‘Latin

American’ n=3, ‘White’ n=13). Circulating ASC frequencies were

significantly elevated among ‘Black, and Latin American’

participants with MS relative to White participants (natalizumab,

1.16% vs. 0.72% p=0.046; untreated, 6.56% vs 2.1% ASC p=0.042).

While ethnicity–specific ASC frequency differences were observed

in MS patients, they were absent in healthy donors (healthy

participants, 1.6% vs. 2.11% ASC p=0.42) (Figure 2).

Beyond these lines of evidence, others recently note that Black/

African American MS patients exhibit faster B cell reconstitution

kinetics compared to White MS patients after B cell depletion (96).

These data collectively suggest that there are MS-specific

interactions between immune regulation and ethnicity. The

observed greater antibody burden observed among Black/African

American MS patients are likely the result of complex interactions

between biological (allelic) as well as social (behavioral,

environmental) relationships. Understanding these relationships

may hold important translational insights to key underpinnings

of disabling MS that occurs across ethnicity categories.
5.4 Opportunity for additional study of
ethnicity-associated humoral dynamics
in MS

The preceding sections demonstrate associations between

Black/African American, or Hispanic/Latinx ethnicity and
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heightened humoral responses in several contexts. However, much

of the immunobiology driving observed heightened humoral

responses among these MS patient populations remains

unstudied. For instance, there are currently no published data on

differential T cell population dynamics, or function. As referenced

in the preceding sections, T cells play prominent roles in MS

incidence and pathophysiology. Current work provides indirect

evidence of increased T helper cell activity in the form of heightened

switched antibody responses (67, 82, 83, 95) among Black/African

American-identified MS patients. Additional direct investigation of

T cell dynamics, such as follicular helper cell subsets would add

resolution to cellular interactions driving the observed increased

humoral responses.

Presently published studies of antibody-mediated immunopathic

effects such as demyelination have either not included or accounted

for Black/African American, or Hispanic/Latinx -identifying patients

in their analyses (87, 88, 97). Investigation of autoreactive antibodies,

as well as potential defects in T regulatory cell-mediated peripheral

tolerance (98) may lead to identification of new auto-antigen targets

in MS, as well as insights into MS etiology and prognosis. Finally,

most of the handful of published studies examining ethnicity-

associated discordant humoral responses in MS, focus on
Frontiers in Immunology 06
participants identifying with the Black African diaspora. Very little

published data exists on immunobiology among Hispanic/Latinx-

identified MS patients.

Recent studies show greater MS severity is associated with

alleles essential to T cell-dependent B cell responses. One such

study using a multivariate model, describes a significant association

between the degree of African ancestry at the broader HLA genetic

locus, and patient-reported disability. Inclusion of established HLA-

DRB1 risk alleles in their analysis did not modify the association,

suggesting the mediating influence of one or more of the dozens of

other non HLA-DR genes comprising the HLA locus (63). In

addition, subsequent analysis demonstrated a significant

association between the gene tnfrsf1a (situated outside of the

HLA locus), and disability (64).

Given the association between ethnicity, and varying levels of B

cell activity both during infection, and in SLE, it is tempting to

speculate that in the context of MS, alleles facilitating T cell-B cell

interactions (99), or those regulating humoral responses (60) may

promote heightened severity-for Black/African American or

Hispanic/Latinx patients. Some genes, such as IL2RA, CD58,

CD86, and FCRL3 are involved in modulating T cell-mediated B

cell responses and implicated in MS incident risk (59, 60). However,
B

C

A

FIGURE 2

Evidence supporting B cell activity as a driver of ethnicity-associated MS severity. Three broader observations underpin an argument for the
centrality of B cells in ethnicity associated severity disparity. (A) Reports of increased CSF lgG index, synthesis rate, or oligoclonal banding among
individuals with MS identifying with Black/African American ethnicity. (B) Multiple associations between B cells, ASCs and antibodies with clinical, and
paraclinical measures, as well as demonstrated CNS reactivity or neurotoxicity in vitro. (C) Inaugural direct demonstration of significantly increased
circulating ASCs in MS patients of identifying with 'Black African' or 'Latin American' ethnicity relative to 'White' ethnicity.
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the contribution of these risk variants to ethnicity-associated MS

severity is not established (Figure 3).
6 Present limitations,
and considerations for
future investigations

6.1 Underrepresentation of Black/African
American, and Hispanic/Latinx-identified
people in MS research

The dearth of available immunologic data across ethnicity

categories in MS represents one of the most fundamental

limitations to understanding discordant MS severity among

Black/African American, and Hispanic/Latinx-identified people.

This present lack of data is due in part to the gross

underrepresentation of Black/African American and, Hispanic/

Latinx-identifying people with MS in clinical and translational

investigation. Despite Black/African American, and Hispanic/

Latinx-identifying people representing 12%, and 16% of the U.S.

population respectively (U.S. Department of Commerce. Overview

of race and Hispanic origin: 2010 (U.S. Census Bureau—2010

Census Briefs), https://www.census.gov/prod/cen2010/briefs/

c2010br-02.pdf) (100), publications specifically mentioning MS

patients with these backgrounds reflects less than 1% of the

literature (101).

Collective emphasis on the importance of including participants

across ethnicity categories by funding agencies, and publishers may

improve representation in clinical and translational studies. This

may entail funding agencies prompting efforts to balance ethnicity

during study recruitment. Peer reviewers, or journal editors may

request clinical datasets include participants from different ethnicity

background, highlighting the advantage of more representative

datasets in comprehensively understanding MS, and advancing

care. Additionally, greater awareness of MS registries may also

improve participation by those underrepresented in current

studies (102).
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6.2 Underrepresentation of Black, and
Hispanic/Latinx-identified people in MS
clinical trials

FDA-approved DMT’s for MS have been assessed for safety and

efficacy in cohorts consisting primarily of White participants. White

ethnicity-identifying participants averaged 91.6% of those enrolled

in 13 Phase 3 and Phase 4 clinical trials conducted between 2002

and 2020 (Table 2). By contrast, an average of 2.7% of Black/African

American participants with MS were enrolled in these trials.

Hispanic/Latinx ethnicity was not reported in 14 of the 17 trials

listed here. MS patients from Black/African American, and

Hispanic/Latinx backgrounds represent underserved populations

with pronounced clinical need, considering the underrepresentation

in Phase 3 and Phase 4 clinical trials (124) as well as the previously

highlighted body of observational studies demonstrating greater MS

disease severity. Moreover, Black/African American MS patients

may be more likely to exhibit refractory disease while on interferon-

beta (15, 125, 126), a common first-line MS therapy. Differing

immune responses have also been noted among glatiramer acetate

and natalizumab (127).

Just as the use of targeted therapies improved understanding of

MS immunopathogenesis, examining ethnicity-associated

immunobiology may yield new insights into more effective

treatments. Overall, variable efficacy of approved therapies using

post-hoc analysis of ethnicity as a confounder requires particular

attention, while highlighting the need for inclusive representation in

trial design and a priori statistical analysis of efficacy. Indeed, the

recent post hoc analysis (126) of Black/African American MS

patients in Phase 3 trials of the B-cell depleting therapy

ocrelizumab, suggested superior benefit for ocrelizumab

compared to the interferon beta-1a arm across ethnic groups. Yet,

Black/African American participants experienced suboptimal

therapeutic effects on interferon beta-1a relative to White

participants (twice the mean number of T1 lesions, and 72%

greater T2 new/enlarging lesions per MRI scan during the study),

consistent with earlier studies of interferon beta-1a that examined

ethnicity-associated effects. However, more conclusive results were
FIGURE 3

Alleles associated with T cell-dependent B cell responses may promote greater MS severity, in addition to greater MS risk for Black / African
American identifying patients. T cells and B cells interact through contact and soluble mediators to produce downstream inflammation, and antibody
responses. These responses appear to differ according to ethnicity in contexts of infection, and SLE. For example (blue text in figure), IL2RA; IL2
receptor alpha (CD25), which, is upregulated upon antigen-specific T cell activation, promoting IL2-mediated T cell survival and proliferation. CD2
on T cells interacts with B cell-expressed CD58, prompting inflammatory cytokine production, and antibody responses. CD86 provides 'signal 2' for
T cell activation, while FCRL3 may regulate B cell receptor signaling, and differentiation into antibody-secreting cells. Particular alleles for these
genes are associated with increased MS incident risk but their contribution to ethnicity-associated MS severity is undetermined.
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frustrated by the small number of Black/African American patients

included in the overall study sample (Table 2), and by the limited

pre-study data to account for preexisting differential

clinical severity.
6.3 Recognizing and incorporating
social and biological considerations
in future study

Currently published work on ethnicity-associated discordant

immune responses in MS emphasizes the biological domain of

influence, at the individual level (128). More than likely, a

combination of genetics, environmental factors, behavior, and

social determinants of health (81), -all individually capable of

influencing immune responses- drive ethnicity-associated

differential MS severity. These factors exist across multiple

domains of influence spanning interpersonal, communal, and

even societal levels. Progress in understanding relationships

between differential immunobiology, and ethnicity-associated

discordant MS severity entails consideration, and analysis of data

across social, biological and clinical measures.

In studies of MS severity for example, composite measures of

socioeconomic status were demonstrated to modulate degeneration
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(129, 130) and disability (131) outcomes in Black/African

American-identified patients. Socioeconomic status, and ethnicity

also impact the access and utilization of specialty neurologic care

(132). Discordant access to care, along with mistrust of biomedical

research among Black/African American, and Hispanic/Latinx-

identified MS patients (133) ultimately influences the participant

composition within study cohorts, further influencing the samples

collected for immunobiological study. Further, obesity (as measured

by body mass index) is associated with lower socioeconomic status

(134), and these factors can disproportionately impact Black/

African American, and Hispanic/Latinx populations in the US.

Measures of obesity appear to influence tissue degeneration (135–

137), and disability (138) in MS, and these can also interact with

humoral immunobiology (139).

Finally, additional care should be taken in how race and

ethnicity data are collected, analyzed and reported in future work.

The use of broader ‘race, and ethnicity’ groupings in several

studies has revealed discordant severity as well as some

immunobiological trends in MS. However, within the US,

resident Black-, and Latin American-diasporas each comprise a

range of nuanced sociocultural identities and ancestries (140).

This heterogeneity is subsumed with the use of broad ‘race, and

ethnicity’ groupings. Under a single grouping, such as ‘Hispanic

or Latino’, nuanced identity combinations can vary between
TABLE 2 Summary of phase 3 and phase 4 clinical trials including underrepresented populations.

Trial name Therapy name W | N (%) B/AA | N (%) H/L | N (%)

AFFIRM (103) Natalizumab 603 (96%) 10 (1.6) NR

SENTINEL (104) Natalizumab + Interferon beta 1092 (93%) 39 (3.3) NR

FREEDOMS I/II (105) Fingolimod NR 77(6.1) ** 181(4.96)

TRANSFORMS (106, 107), Fingolimod 1216 (94.1) NR ** 181(4.96)

TEMSO (108) Teriflunomide 1058 (97.3%) NR NR

DEFINE (109) Dimethyl Fumarate 969 (78.5%) 26 (2.1) NR

CONFIRM (110) Dimethyl Fumarate 1191 (84.1%) 27 (1.9) NR

CARE MS I (111) Alemtuzumab 532 (94.5%) NR NR

CARE MS II (112) Alemtuzumab 714 (89.5%) NR NR

OPERAI/OPERA II (113) Ocrelizumab NR 72 (4.3) NR

EVIDENCE (114, 115) Interferon beta 308(91%) 36 (5.5) NR

ESTEEM (116, 117) Dimethyl Fumarate 616 (91%) 187 (3.8) 98 (1.96)

ASCLEPIOS I/II (118) Ofatumumab 829 (88.6) 28 (2.9) NR

*SUNBEAM (119) Ozanimod 1340 (99.5) 2 (0.14) NR

*CLARITY (120) Cladribine 1300 (98) 7(0.5) NR

*TOWER (121) Teriflunomide 810 (89.8) 20 (2.2) NR

*GALA (122) Glatiramer Acetate 1371 (97.6) 15 (1) NR

* # CHIMES (123) Ocrelizumab N/A 75 (50%) 75 (50%)
W, (White); B/AA, (Black/African American); H/L,(Hispanic/Latinx); NR, (Not reported); N/A (Not available).
*Phase 4 clinical trials.
**H/L numbers are from pooled demographic data form three Phase 3 trials; FREEDOMS I, FREEDOMS II, and TRANSFORMS.
#Currently recruiting. Numbers represent recruitment targets.
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different US geographic regions. Presuming or homogenizing

how individuals within Black/African American, or Hispanic/

Latinx-diasporas identify in different contexts (141) increase the

likelihood that more subtle clinically- and translationally-

relevant insights may be missed.
7 Closing remarks

Heightened humoral immune responses may be responsible for

increases in disease severity observed among Black/African

American, and perhaps Hispanic/Latinx, MS patients. However,

these observations lack depth, indicating that underrepresentation

in both research studies and clinical trials evaluating effects of

ethnicity remains an issue within MS research. Further, disparate

severity, and treatment efficacy, may also be influenced by

socioeconomic status-related influences associated with

environmental and lifestyle factors. These may include behavior,

diet, exercise, and smoking, in addition to genetic factors

and ancestry.

To better address these discrepancies, we believe the most

effective path forward requires: 1) outreach that equips Black/

African American and Hispanic/Latinx patients with knowledge

about MS, as well as the MS research that facilitates informed

decisions surrounding participation in clinical and translational

studies; 2) diversity within the MS clinical and research workforce

which can enhance patient care and recruitment; 3) ensuring

resources to aid greater generalizability in clinical trial sampling

(142) that more accurately reflects the patient population; and, 4)

research on ethnicity and genetic ancestry in conjunction with

social and biological determinants of health.

Carefully controlled clinical and translational studies in MS that

identify ethnicity, and ancestry-associated immunological

differences, in combination with clinical trials in MS that achieve

enrollment diversity, may illuminate cellular and molecular

underpinnings of disparate cl inical symptoms. These

advancements may lead to breakthroughs in our understanding of

MS pathogenesis and nuanced personalized treatments.
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An ImmunoChip study of multiple sclerosis risk in African americans. Brain : J Neurol
(2015) 138:1518–30. doi: 10.1093/bioinformatics/bts606

60. Nakatsuka N, Patterson N, Patsopoulos NA, Altemose N, Tandon A, Beecham
AH, et al. Two genetic variants explain the association of European ancestry with
multiple sclerosis risk in African-americans. Sci Rep-uk (2020) 10:16902. doi: 10.1038/
s41598-020-74035-7

61. Beecham AH, Amezcua L, Chinea A, Manrique CP, Rubi C, Isobe N, et al. The
genetic diversity of multiple sclerosis risk among Hispanic and African American
populations living in the united states. Mult Scler (2020) 26:1329–39. doi: 10.1177/
1352458519863764

62. Isobe N, Gourraud P-A, Harbo HF, Caillier SJ, Santaniello A, Khankhanian P,
et al. Genetic risk variants in African americans with multiple sclerosis. Neurology
(2013) 81:219–27. doi: 10.1212/wnl.0b013e31829bfe2f

63. Cree BAC, Reich DE, Khan O, Jager PLD, Nakashima I, Takahashi T, et al.
Modification of multiple sclerosis phenotypes by African ancestry at HLA. Arch Neurol
(2009) 66:226–33. doi: 10.1001/archneurol.2008.541

64. Johnson BA, Wang J, Taylor EM, Caillier SJ, Herbert J, Khan OA, et al. Multiple
sclerosis susceptibility alleles in African americans. Genes Immun (2010) 11:343–50.
doi: 10.1038/gene.2009.81

65. Owens GP, Winges KM, Ritchie AM, Edwards S, Burgoon MP, Lehnhoff L, et al.
VH4 gene segments dominate the intrathecal humoral immune response in multiple
sclerosis. J Immunol (2007) 179:6343–51. doi: 10.4049/jimmunol.179.9.6343

66. Obermeier B, Mentele R, Malotka J, Kellermann J, Kümpfel T, Wekerle H, et al.
Matching of oligoclonal immunoglobulin transcriptomes and proteomes of
cerebrospinal fluid in multiple sclerosis. Nat Med (2008) 14:688–93. doi: 10.1038/
nm1714

67. Seraji-Bozorgzad N, Khan O, Cree BAC, Bao F, Caon C, Zak I, et al. Cerebral
Gray matter atrophy is associated with the CSF IgG index in African American with
multiple sclerosis. J Neuroimaging (2017) 65:239. doi: 10.1111/jon.12435

68. Link H, Huang Y-M. Oligoclonal bands in multiple sclerosis cerebrospinal fluid:
an update on methodology and clinical usefulness. J neuroimmunology (2006) 180:17–
28. doi: 10.1016/j.jneuroim.2006.07.006

69. Rivas JR, Ireland SJ, Chkheidze R, Rounds WH, Lim J, Johnson J, et al.
Peripheral VH4+ plasmablasts demonstrate autoreactive b cell expansion toward
brain antigens in early multiple sclerosis patients. Acta Neuropathologica (2016)
133:43–60. doi: 10.1007/s00401-016-1627-0

70. Corcione A, Casazza S, Ferretti E, Giunti D, Zappia E, Pistorio A, et al.
Recapitulation of b cell differentiation in the central nervous system of patients with
multiple sclerosis. Proc Natl Acad Sci (2004) 101:11064–9. doi: 10.1073/
pnas.0402455101
Frontiers in Immunology 11
71. Eggers EL, Michel BA, Wu H, Wang S, Bevan CJ, Abounasr A, et al. Clonal
relationships of CSF b cells in treatment-naive multiple sclerosis patients. JCI Insight
(2017) 2:1–16. doi: 10.1172/jci.insight.92724ds1

72. Lyons J, San M, Happ MP, Cross AH. B cells are critical to induction of
experimental allergic encephalomyelitis by protein but not by a short encephalitogenic
peptide. Eur J Immunol (1999) 29:3432–9. doi: 10.1002/(sici)1521-4141(199911)
29:11<3432::aid-immu3432>3.0.co;2-2

73. Barr TA, Shen P, Brown S, Lampropoulou V, Roch T, Lawrie S, et al. B cell
depletion therapy ameliorates autoimmune disease through ablation of IL-6-producing
b cells. J Exp Med (2012) 209:1001–10. doi: 10.1073/pnas.0607242103

74. Bar-Or A, Fawaz L, Fan B, Darlington PJ, Rieger A, Ghorayeb C, et al. Abnormal
b-cell cytokine responses a trigger of T-cell-mediated disease in MS? Ann Neurol (2009)
67:452–61. doi: 10.1002/ana.21939

75. Li R, Rezk A, Miyazaki Y, Hilgenberg E, Touil H, Shen P, et al. Proinflammatory
GM-CSF-producing b cells in multiple sclerosis and b cell depletion therapy. Sci Trans
Med (2015) 7:310ra166. doi: 10.1126/scitranslmed.aab4176

76. Hauser SL, Waubant E, Arnold DL, Vollmer T, Antel J, Fox RJ, et al. B-cell
depletion with rituximab in relapsing-remitting multiple sclerosis. New Engl J Med
(2008) 358:676–88. doi: 10.1056/nejmoa0706383

77. Hauser SL, Bar-Or A, Comi G, Giovannoni G, Hartung H-P, Hemmer B, et al.
Ocrelizumab versus interferon beta-1a in relapsing multiple sclerosis. New Engl J Med
(2016) 376:NEJMoa1601277. doi: 10.1056/nejmoa1601277

78. Hauser SL, Bar-Or A, Cohen JA, Comi G, Correale J, Coyle PK, et al.
Ofatumumab versus teriflunomide in multiple sclerosis. New Engl J Med (2020)
383:546–57. doi: 10.1056/nejmoa1917246

79. Monson NL, Cravens P, Hussain R, Harp CT, Cummings M, Martin M de P,
et al. Rituximab therapy reduces organ-specific T cell responses and ameliorates
experimental autoimmune encephalomyelitis. PloS One (2011) 6:e17103.
doi: 10.1371/journal.pone.0017103

80. Chen D, Ireland SJ, Davis LS, Kong X, Stowe AM, Wang Y, et al. Autoreactive
CD19+CD20– plasma cells contribute to disease severity of experimental autoimmune
encephalomyelitis. J Immunol (2016) 196:1541–9. doi: 10.4049/jimmunol.1501376

81. Amezcua L, Rivera VM, Vazquez TC, Baezconde-Garbanati L, Langer-Gould A.
Health disparities, inequities, and social determinants of health in multiple sclerosis
and related disorders in the US. JAMA Neurol (2021) 78:1515–24. doi: 10.1001/
jamaneurol.2021.3416

82. Rinker JR, Trinkaus K, Naismith RT, Cross AH. Higher IgG index found in
African americans versus caucasians with multiple sclerosis. Neurology (2007) 69:68–
72. doi: 10.1212/01.wnl.0000265057.79843.d9

83. da Gama PD, Machado LdR, Livramento JA, Gomes HR, Adoni T, Morales R
deR, et al. Oligoclonal bands in cerebrospinal fluid of black patients with multiple
sclerosis. BioMed Res Int (2015) 2015:1–5. doi: 10.1155/2015/217961

84. Cepok S, Rosche B, Grummel V, Vogel F, Zhou D, Sayn J, et al. Short-lived
plasma blasts are the main b cell effector subset during the course of multiple sclerosis.
Brain : J Neurol (2005) 128:1667–76. doi: 10.1093/brain/awh486

85. Owens GP, Bennett JL, Lassmann H, O’Connor KC, Ritchie AM, Shearer A,
et al. Antibodies produced by clonally expanded plasma cells in multiple sclerosis
cerebrospinal fluid. Ann Neurol (2009) 65:639–49. doi: 10.1002/ana.21641

86. von Büdingen HC, Harrer MD, Kuenzle S, Meier M, Goebels N. Clonally
expanded plasma cells in the cerebrospinal fluid of MS patients produce myelin-specific
antibodies. Eur J Immunol (2008) 38:2014–23. doi: 10.1002/eji.200737784

87. Liu Y, Given KS, Harlow DE, Matschulat AM, Macklin WB, Bennett JL, et al.
Myelin-specific multiple sclerosis antibodies cause complement-dependent
oligodendrocyte loss and demyelination. Acta Neuropathologica Communications
(2017) 5:1–13. doi: 10.1186/s40478-017-0428-6

88. Blauth K, Soltys J, Matschulat A, Reiter CR, Ritchie A, Baird NL, et al.
Antibodies produced by clonally expanded plasma cells in multiple sclerosis
cerebrospinal fluid cause demyelination of spinal cord explants. Acta
Neuropathologica (2015) 130:1–17. doi: 10.1007/s00401-015-1500-6

89. Greenfield AL, Dandekar R, Ramesh A, Eggers EL, Wu H, Laurent S, et al.
Longitudinally persistent cerebrospinal fluid b-cells can resist treatment in multiple
sclerosis. JCI Insight (2019) 4. doi: 10.1172/jci.insight.126599ds1

90. Engel S, Steffen F, Uphaus T, Scholz-Kreisel P, Zipp F, Bittner S, et al.
Association of intrathecal pleocytosis and IgG synthesis with axonal damage in early
MS. Neurol Neuroimmunol Neuroinflamm (2020) 7:e679. doi: 10.1212/
NXI.0000000000000679

91. Magliozzi R, Howell O, Vora A, Serafini B, Nicholas R, Puopolo M, et al.
Meningeal b-cell follicles in secondary progressive multiple sclerosis associate with
early onset of disease and severe cortical pathology. Brain : J Neurol (2006) 130:1089–
104. doi: 10.1093/brain/awm038

92. Serafini B, Rosicarelli B, Magliozzi R. Detection of ectopic b-cell follicles with
germinal centers in the meninges of patients with secondary progressive multiple
sclerosis. Brain : J Neurol (2004) 14:164–74. doi: 10.1111/j.1750-3639.2004.tb00049.x

93. Kuhle J, Disanto G, Dobson R, Adiutori R. Conversion from clinically isolated
syndrome to multiple sclerosis: a large multicentre study. Multiple Sclerosis … (2015)
21:1013–24. doi; 10.1177/1352458514568827
frontiersin.org

https://doi.org/10.1002/art.41214
https://doi.org/10.1016/0165-1781(93)90114-V
https://doi.org/10.1111/j.1432-2277.2012.01531.x
https://doi.org/10.1111/j.1432-2277.2012.01531.x
https://doi.org/10.4049/jimmunol.1102514
https://doi.org/10.1016/j.autrev.2019.102423
https://doi.org/10.1136/lupus-2015-000144
https://doi.org/10.1186/1546-0096-10-s1-a23
https://doi.org/10.1016/j.cell.2016.03.008
https://doi.org/10.1172/jci.insight.87310ds1
https://doi.org/10.1002/art.1780251101
https://doi.org/10.1038/s41467-019-09434-0
https://doi.org/10.1093/bioinformatics/bts606
https://doi.org/10.1038/s41598-020-74035-7
https://doi.org/10.1038/s41598-020-74035-7
https://doi.org/10.1177/1352458519863764
https://doi.org/10.1177/1352458519863764
https://doi.org/10.1212/wnl.0b013e31829bfe2f
https://doi.org/10.1001/archneurol.2008.541
https://doi.org/10.1038/gene.2009.81
https://doi.org/10.4049/jimmunol.179.9.6343
https://doi.org/10.1038/nm1714
https://doi.org/10.1038/nm1714
https://doi.org/10.1111/jon.12435
https://doi.org/10.1016/j.jneuroim.2006.07.006
https://doi.org/10.1007/s00401-016-1627-0
https://doi.org/10.1073/pnas.0402455101
https://doi.org/10.1073/pnas.0402455101
https://doi.org/10.1172/jci.insight.92724ds1
https://doi.org/10.1002/(sici)1521-4141(199911)29:11%3C3432::aid-immu3432%3E3.0.co;2-2
https://doi.org/10.1002/(sici)1521-4141(199911)29:11%3C3432::aid-immu3432%3E3.0.co;2-2
https://doi.org/10.1073/pnas.0607242103
https://doi.org/10.1002/ana.21939
https://doi.org/10.1126/scitranslmed.aab4176
https://doi.org/10.1056/nejmoa0706383
https://doi.org/10.1056/nejmoa1601277
https://doi.org/10.1056/nejmoa1917246
https://doi.org/10.1371/journal.pone.0017103
https://doi.org/10.4049/jimmunol.1501376
https://doi.org/10.1001/jamaneurol.2021.3416
https://doi.org/10.1001/jamaneurol.2021.3416
https://doi.org/10.1212/01.wnl.0000265057.79843.d9
https://doi.org/10.1155/2015/217961
https://doi.org/10.1093/brain/awh486
https://doi.org/10.1002/ana.21641
https://doi.org/10.1002/eji.200737784
https://doi.org/10.1186/s40478-017-0428-6
https://doi.org/10.1007/s00401-015-1500-6
https://doi.org/10.1172/jci.insight.126599ds1
https://doi.org/10.1212/NXI.0000000000000679
https://doi.org/10.1212/NXI.0000000000000679
https://doi.org/10.1093/brain/awm038
https://doi.org/10.1111/j.1750-3639.2004.tb00049.x
https://doi.org/10.1177/1352458514568827
https://doi.org/10.3389/fimmu.2023.1172993
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Telesford et al. 10.3389/fimmu.2023.1172993
94. Gasperi C, Salmen A, Antony G, Bayas A, Heesen C, Kümpfel T, et al.
Association of intrathecal immunoglobulin G synthesis with disability worsening in
multiple sclerosis. JAMA Neurol (2019) 76:841. doi: 10.1001/jamaneurol.2019.0905

95. Telesford KM, Kaunzner UW, Perumal J, Gauthier SA, Wu X, Diaz I, et al. Black
African and latino/a identity correlates with increased plasmablasts in MS. Neurol -
Neuroimmunol Neuroinflamm (2020) 7:634–44. doi: 10.1212/nxi.0000000000000634

96. Saidenberg L, Arbini AA, Silverman GJ, Lotan I, Cutter G, Kister I. Faster b-cell
repletion after anti-CD20 infusion in black patients compared to white patients with
neurologic diseases.Mult Scler Relat Dis (2022) 63:103830. doi: 10.1016/j.msard.2022.103830

97. Elliott C, Lindner M, Arthur A, Brennan K, Jarius S, Hussey J, et al. Functional
identification of pathogenic autoantibody responses in patients with multiple sclerosis.
Brain : J Neurol (2012) 135:1819–33. doi: 10.1093/brain/aws105

98. Kinnunen T, Chamberlain N, Morbach H, Cantaert T, Lynch M, Preston-
Hurlburt P, et al. Specific peripheral b cell tolerance defects in patients with multiple
sclerosis. J Clin Invest (2013) 123:2737–41. doi: 10.1172/jci68775

99. Smets I, Fiddes B, Garcia-Perez JE, He D, Mallants K, Liao W, et al. Multiple
sclerosis risk variants alter expression of co-stimulatory genes in b cells. Brain : J Neurol
(2018) 141:786–96. doi: 10.1093/brain/awx372

100. Robers MV, Soneji LA. Multiple sclerosis treatment in racial and ethnic
minorities. Pract Neurol (2020), 49–54.

101. Khan O, Williams MJ, Amezcua L, Javed A, Larsen KE, Smrtka JM. Multiple
sclerosis in US minority populations: clinical practice insights. Neurology: Clin Pract
(2015) 5:132–42. doi: 10.1212/cpj.0000000000000112

102. Bebo BF, Fox RJ, Lee K, Utz U, Thompson AJ. Landscape of MS patient cohorts
and registries: recommendations for maximizing impact.Mult Scler J (2017) 24:579–86.
doi: 10.1177/1352458517698250

103. Polman CH, O’Connor PW, Havrdova E. A randomized, placebo-controlled
trial of natalizumab for relapsing multiple sclerosis. Engl J … (2006) 354:899–910. doi:
10.1056/NEJMoa044397

104. Rudick RA, Stuart WH, Calabresi PA. Natalizumab plus interferon beta-1a for
relapsing multiple sclerosis. … Engl J … (2006) 70:172–82. doi: 10.1056/NEJMoa044396

105. Kappos L, Radue E-W, O’Connor P, Polman C, Hohlfeld R, Calabresi P, et al. A
placebo-controlled trial of oral fingolimod in relapsing multiple sclerosis. New Engl J
Med (2010) 362:387–401. doi: 10.1056/nejmoa0909494

106. Cohen JA, Barkhof F, Comi G. Oral fingolimod or intramuscular interferon for
relapsing multiple sclerosis. … Engl J … (2010) 362:402–15. doi; 10.1056/NEJMoa0907839

107. Martinez ARC, Correale J, Coyle PK, Meng X, Tenenbaum N. Efficacy and
safety of fingolimod in Hispanic patients with multiple sclerosis: pooled clinical trial
analyses. Adv Ther (2014) 31:1072–81. doi: 10.1007/s12325-014-0154-4

108. O’Connor P, Wolinsky JS, Confavreux C. Randomized trial of oral
teriflunomide for relapsing multiple sclerosis. … Engl J … (2011) 365:1293–303. doi;
10.1056/NEJMoa1014656

109. Gold R, Kappos L, Arnold DL, Bar-Or A, Giovannoni G, Selmaj K, et al.
Placebo-controlled phase 3 study of oral BG-12 for relapsing multiple sclerosis. New
Engl J Med (2012) 367:1098–107. doi: 10.1056/nejmoa1114287

110. Fox RJ, Miller DH, Phillips JT, Hutchinson M, Havrdova E, Kita M, et al.
Placebo-controlled phase 3 study of oral BG-12 or glatiramer in multiple sclerosis. New
Engl J Med (2012) 367:1087–97. doi: 10.1056/nejmoa1206328

111. Cohen JA, Coles AJ, Arnold DL, Confavreux C, Fox EJ, Hartung H-P, et al.
Alemtuzumab versus interferon beta 1a as first-line treatment for patients with
relapsing-remitting multiple sclerosis: a randomised controlled phase 3 trial. Lancet
(2012) 380:1819–28. doi: 10.1016/s0140-6736(12)61769-3

112. Coles AJ, Twyman CL, Arnold DL, Cohen JA, Confavreux C, Fox EJ, et al.
Alemtuzumab for patients with relapsing multiple sclerosis after disease-modifying
therapy: a randomised controlled phase 3 trial. Lancet (2012) 380:1829–39.
doi: 10.1016/s0140-6736(12)61768-1

113. Cree BAC, Han J, Pradhan A, Masterman D, Williams MJ. Subgroup analysis to
evaluate the efficacy of ocrelizumab versus interferon b-1a in African-descended patients
with relapsing multiple sclerosis in the OPERA I and OPERA II studies (P639). (2018).

114. Jeannin S, Deschamps R, Chausson N, Cabre P. Response to interferon-beta
treatment in afro-caribbeans with multiple sclerosis. Multiple Sclerosis Int (2011)
2011:1–3. doi: 10.1155/2011/950126

115. Panitch H, Goodin DS, Francis G, Chang P, Coyle PK, O’Connor P, et al.
Randomized, comparative study of interferonNL beta-1a treatment regimens in MS.11.
Neurology (2002) 59:1496–506. doi; 10.1212/WNL.37.7.1097

116. Williams MJ, Amezcua L, Okai A, Okuda DT, Cohan S, Su R, et al. Real-world
safety and effectiveness of dimethyl fumarate in black or African American patients
with multiple sclerosis: 3-year results from ESTEEM. Neurol Ther (2020) 9:483–93.
doi: 10.1007/s40120-020-00193-5

117. Chinea A, Amezcua L, Vargas W, Okai A, Williams MJ, Su R, et al. Real-world
safety and effectiveness of dimethyl fumarate in Hispanic or Latino patients with
multiple sclerosis: 3-year results from ESTEEM. Neurol Ther (2020) 9:495–504.
doi: 10.1007/s40120-020-00192-6

118. Delgado SR, Williams MJ, Bagger M, Graham G, Pigeolet E, Yu H, et al.
Comparable ofatumumab treatment outcomes in patients across Racial/Ethnic groups
in the ASCLEPIOS I/II and APOLITOS studies (4139). Neurology (2021) 96:4139.
Frontiers in Immunology 12
119. Comi G, Kappos L, Selmaj KW, Bar-Or A, Arnold DL, Steinman L, et al. Safety
and efficacy of ozanimod versus interferon beta-1a in relapsing multiple sclerosis
(SUNBEAM): a multicentre, randomised, minimum 12-month, phase 3 trial. Lancet
Neurol (2019) 18:1009–20. doi: 10.1016/S1474-4422(19)30239-X

120. Giovannoni G, Comi G, Cook S, Rammohan K, Rieckmann P, Sørensen PS,
et al. A placebo-controlled trial of oral cladribine for relapsing multiple sclerosis. N Engl
J Med (2010) 362:416–26. doi: 10.1056/NEJMoa0902533

121. Freedman MS, Morawski J, Thangavelu K. Clinical efficacy of teriflunomide
over a fixed 2-year duration in the TOWER study. Multiple Sclerosis J - Experimental
Trans Clin (2018) 4:205521731877523. doi: 10.1177/2055217318775236

122. Khan O, Rieckmann P, Boyko A, Selmaj K, Zivadinov R. Three times weekly
glatiramer acetate in relapsing–remitting multiple sclerosis. Ann Neurol (2013) 73:705–
13. doi: 10.1002/ana.23938

123. Prospective study to assess disease activity and biomarkers in minority
participants with relapsing multiple sclerosis (RMS) after initiation and during
treatment with ocrelizumab (2021). Available at: https://clinicaltrials.gov/ct2/show/
NCT04377555 (Accessed June 6, 2022).

124. Onuorah H-M, Charron O, Meltzer E, Montague A, Crispino A, Largent A,
et al. Enrollment of non-white participants and reporting of race and ethnicity in phase
III trials of multiple sclerosis DMTs. Neurology (2022) 98:e880–92. doi: 10.1212/
wnl.0000000000013230

125. Cree BAC, Al-Sabbagh A, Bennett R, Goodin D. Response to interferon beta-1a
treatment in African American multiple sclerosis patients. Arch Neurol (2005)
62:1681–3. doi: 10.1001/archneur.62.11.1681

126. Cree BAC, Pradhan A, Pei J, Williams MJinvestigators OI and OI clinical.
Efficacy and safety of ocrelizumab vs interferon beta-1a in participants of African
descent with relapsing multiple sclerosis in the phase III OPERA I and OPERA II
studies. Mult Scler Relat Dis (2021) 52:103010. doi: 10.1016/j.msard.2021.103010

127. Klineova S, Nicholas J, Walker A. Response to disease modifying therapies in
African americans with multiple sclerosis. Ethnicity Dis (2012) 22:221–5.

128. Alvidrez J, Castille D, Laude-Sharp M, Rosario A, Tabor D. The national
institute on minority health and health disparities research framework. Am J Public
Health (2019) 109:S16–20. doi: 10.2105/ajph.2018.304883

129. Gray-Roncal K, Fitzgerald K, Ryerson LZ, Charvet L, Cassard SD, Naismith R,
et al. Association of disease severity and socioeconomic status in black and white
americans with multiple sclerosis. Neurology (2021) 97:e881–89. doi: 10.1212/
WNL.0000000000012362

130. Vasileiou ES, Filippatou AG, Maldonado DP, Kalaitzidis G, Ehrhardt H, Lambe
J, et al. Socioeconomic disparity is associated with faster retinal neurodegeneration in
multiple sclerosis. Brain (2021) 144:3664–73. doi: 10.1093/brain/awab342

131. Marrie RA, Cutter G, Tyry T, Vollmer T, Campagnolo D. Does multiple
sclerosis-associated disability differ between races? Neurology (2006) 66:1235–40.
doi: 10.1212/01.wnl.0000208505.81912.82

132. Saadi A, Himmelstein DU, Woolhandler S, Mejia NI. Racial disparities in
neurologic health care access and utilization in the united states. Neurology (2017)
88:2268–75. doi: 10.1212/wnl.0000000000004025

133. Maldonado DAP, Moreno A, Williams MJ, Amezcua L, Feliciano S, Williams
A, et al. Perceptions and preferences regarding multiple sclerosis research among racial
and ethnic groups. Int J Ms Care (2021) 23:170–7. doi: 10.7224/1537-2073.2019-131

134. Anekwe CV, Jarrell AR, Townsend MJ, Gaudier GI, Hiserodt JM, Stanford FC.
Socioeconomics of obesity. Curr Obes Rep (2020) 9:272–9. doi: 10.1007/s13679-020-
00398-7

135. Rube J, Bross M, Bernitsas C, Hackett M, Bao F, Bernitsas E. Effect of obesity on
retinal integrity in African americans and Caucasian americans with relapsing multiple
sclerosis. Front Neurol (2021) 12:743592. doi: 10.3389/fneur.2021.743592

136. Mowry EM, Azevedo CJ, McCulloch CE, Okuda DT, Lincoln RR, Waubant E,
et al. Body mass index, but not vitamin d status, is associated with brain volume change
in MS. Neurology (2018) 91:e2256–64. doi: 10.1212/wnl.0000000000006644

137. Filippatou AG, Lambe J, Sotirchos ES, Fitzgerald KC, Aston A, Murphy OC,
et al. Association of body mass index with longitudinal rates of retinal atrophy in
multiple sclerosis. Multiple Sclerosis J (2020) 26:843–54. doi: 10.1177/
1352458519900942

138. Lutfullin I, Eveslage M, Bittner S, Antony G, Flaskamp M, Luessi F, et al.
Association of obesity with disease outcome in multiple sclerosis. J Neurol Neurosurg
Psychiatry (2023) 94:57–61. doi: 10.1136/jnnp-2022-329685

139. Frasca D, Diaz A, Romero M, Blomberg BB. Ageing and obesity similarly
impair antibody responses. Clin Exp Immunol (2017) 187:64–70. doi: 10.1111/cei.12824

140. Bryc K, Durand EY, Macpherson JM, Reich D, Mountain JL. The genetic
ancestry of African americans, latinos, and European americans across the united
states. Am J Hum Genet (2015) 96:37–53. doi: 10.1016/j.ajhg.2014.11.010

141. Idossa D, Duma N, Chekhovskiy K, Go R, Ailawadhi S. Commentary: race and
ethnicity in biomedical research – classifications, challenges, and future directions.
Ethnic Dis (2018) 28:561–4. doi: 10.18865/ed.28.4.561

142. Mateen FJ. Is it time for quotas to achieve racial and ethnic representation in
multiple sclerosis trials? Front Neurol (2021) 12:680912. doi: 10.3389/
fneur.2021.680912
frontiersin.org

https://doi.org/10.1001/jamaneurol.2019.0905
https://doi.org/10.1212/nxi.0000000000000634
https://doi.org/10.1016/j.msard.2022.103830
https://doi.org/10.1093/brain/aws105
https://doi.org/10.1172/jci68775
https://doi.org/10.1093/brain/awx372
https://doi.org/10.1212/cpj.0000000000000112
https://doi.org/10.1177/1352458517698250
https://doi.org/10.1056/NEJMoa044397
https://doi.org/10.1056/NEJMoa044396
https://doi.org/10.1056/nejmoa0909494
https://doi.org/10.1056/NEJMoa0907839
https://doi.org/10.1007/s12325-014-0154-4
https://doi.org/10.1056/NEJMoa1014656
https://doi.org/10.1056/nejmoa1114287
https://doi.org/10.1056/nejmoa1206328
https://doi.org/10.1016/s0140-6736(12)61769-3
https://doi.org/10.1016/s0140-6736(12)61768-1
https://doi.org/10.1155/2011/950126
https://doi.org/10.1212/WNL.37.7.1097
https://doi.org/10.1007/s40120-020-00193-5
https://doi.org/10.1007/s40120-020-00192-6
https://doi.org/10.1016/S1474-4422(19)30239-X
https://doi.org/10.1056/NEJMoa0902533
https://doi.org/10.1177/2055217318775236
https://doi.org/10.1002/ana.23938
https://clinicaltrials.gov/ct2/show/NCT04377555
https://clinicaltrials.gov/ct2/show/NCT04377555
https://doi.org/10.1212/wnl.0000000000013230
https://doi.org/10.1212/wnl.0000000000013230
https://doi.org/10.1001/archneur.62.11.1681
https://doi.org/10.1016/j.msard.2021.103010
https://doi.org/10.2105/ajph.2018.304883
https://doi.org/10.1212/WNL.0000000000012362
https://doi.org/10.1212/WNL.0000000000012362
https://doi.org/10.1093/brain/awab342
https://doi.org/10.1212/01.wnl.0000208505.81912.82
https://doi.org/10.1212/wnl.0000000000004025
https://doi.org/10.7224/1537-2073.2019-131
https://doi.org/10.1007/s13679-020-00398-7
https://doi.org/10.1007/s13679-020-00398-7
https://doi.org/10.3389/fneur.2021.743592
https://doi.org/10.1212/wnl.0000000000006644
https://doi.org/10.1177/1352458519900942
https://doi.org/10.1177/1352458519900942
https://doi.org/10.1136/jnnp-2022-329685
https://doi.org/10.1111/cei.12824
https://doi.org/10.1016/j.ajhg.2014.11.010
https://doi.org/10.18865/ed.28.4.561
https://doi.org/10.3389/fneur.2021.680912
https://doi.org/10.3389/fneur.2021.680912
https://doi.org/10.3389/fimmu.2023.1172993
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Understanding humoral immunity and multiple sclerosis severity in Black, and Latinx patients
	1 Introduction
	2 Incidence of MS among Black and Hispanic/Latinx populations
	3 Clinical measures of severity of MS among Black, and Hispanic/Latinx patients
	4 Radiological characteristics of MS among Black, and Hispanic/Latinx patients
	5 Humoral immunity characteristics among Black, and Hispanic/Latinx patients
	5.1 Primer on humoral immunity
	5.2 Ethnicity and humoral immunology; impact on infection and autoimmunity
	5.3 Ethnicity and humoral immunology; impact on MS
	5.4 Opportunity for additional study of ethnicity-associated humoral dynamics in MS

	6 Present limitations, and considerations for future investigations
	6.1 Underrepresentation of Black/African American, and Hispanic/Latinx-identified people in MS research
	6.2 Underrepresentation of Black, and Hispanic/Latinx-identified people in MS clinical trials
	6.3 Recognizing and incorporating social and biological considerations in future study

	7 Closing remarks
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References


