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Abstract

The epidemiology of neuroimmunological disorders in Africa remains poorly understood. Regional variation in diagnostics
and provider knowledge has led to challenges in real-world application of diagnostic criteria. We conducted a cross-
sectional survey of clinicians practicing in Africa to characterize the current state of clinical diagnostic resources and
developed a clinician-driven prioritized action plan. 130 respondents from 24 out of 54 countries in Africa participated (44%
national response rate). Most respondents specialized in neurology (n = 86, 66%) and practiced in an urban setting (n = 84,
65%). While all participating countries had access to a neurologist and ophthalmologist, only half had access to an in-country
neuroimmunologist. Three-quarters of respondents had access to an MRI within a 25-kilometer radius with most reporting
a maximum magnet strength of 1.5 Tesla (n =46, 61%). The median cost for an MRI brain was 150 USD, and MRI spine was
160 USD. The most urgent action item selected to improve the timely diagnosis of neuroimmunological conditions was
subsidizing the cost of MRI followed by increasing availability of MRI. There were notable gaps in availability of specialists and
access to MRI to diagnose neuroimmunological conditions in Africa. Urgent action and regional collaborations focused on
addressing MRI cost and availability are needed.

Plain Language Summary

We conducted a survey amongst clinicians practicing in Africa to understand the current state of neuroimmunology
diagnostics, which includes availability of specialist doctors, MRI and special antibody blood tests. A total of 130 participants
from 24 African countries participated in this electronic survey between March through April 2025. We found notable
limitations, especially amongst respondents from low World Bank income countries, in availability of sub-specialists to
diagnose neuroimmunological conditions, high-quality MRI, and antibody tests. Lowering cost of MRI was most frequently
chosen as the most urgent action needed to improve timely diagnosis of neuroimmunological conditions in Africa.
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Africa (SSA) found mainly case series, case reports and a
few registry studies; the only epidemiological studies of
MS were conducted in South Africa.'” In North Africa,
where additional epidemiological studies have been con-
ducted, MS prevalence was estimated between 3 to
14.9 per 100 000.> A systematic review of NMOSD in
Africa found only retrospective data from ten countries,
despite a global meta-analysis suggesting a higher inci-
dence and prevalence of NMOSD amongst people of
African descent compared with White ethnic groups.*’ No
epidemiological studies of MOGAD have been reported
from Africa. With regards to non-demyelinating immune-
mediated disorders, the published literature is limited to
case reports and a few case series.*'”

While international diagnostic criteria have been es-
tablished for MS, NMOSD and MOGAD, regional vari-
ability in requisite diagnostics has led to challenges in real-
world application of these criteria.'*"'®> The third Atlas of
MS outlined several global barriers to the diagnosis of MS,
ranging from lack of awareness amongst the general public
and healthcare providers to lack of diagnostic test avail-
ability.'® A recent worldwide survey also found a gap in
availability and affordability of diagnostic tests for
NMOSD, especially in low- and middle-income coun-
tries.'”” While the aforementioned surveys include data
from some African countries, an in-depth understanding of
the status of diagnostics in Africa is necessary to identify
barriers that may be unique to this setting.

This observational study conducted amongst clinicians
practicing in Africa sought to characterize the current state
of clinical resources for the diagnosis of neuro-
immunological disorders, with a focus on demyelinating
diseases, and subsequently develop a clinician-driven
prioritized action plan to improve diagnosis of neuro-
immunological disorders on the continent.

Methods

This cross-sectional study was conducted amongst clini-
cian members of the African Committee for Treatment and
Research In Multiple Sclerosis (AFRICTRIMS) and other
African healthcare providers (mostly neurologists or those
with an interest in neurology). Any self-identified
healthcare provider who currently practices at least part-
time in a country in Africa met the inclusion criteria. Those
who previously practiced or did not practice in Africa were
excluded. An anonymous electronic questionnaire was
developed by MS specialists and African neurologists
based on literature review'®'? and expert consensus, and
assessed for content validity and clarity through expert
review. To mitigate non-response bias and survey fatigue,
only select questions were included in the main survey
with the remainder in supplemental. The electronic survey
was distributed via social media (WhatsApp) and email to
clinician members of AFRICTRIMS between March to
April 2025. Respondents answered questions about their
role in the healthcare system, primary practice setting,
patient population, and availability of health professionals
and diagnostics. A summary of the questionnaire,

including a main survey and optional supplemental survey,
is included in Figure 1. (Full questionnaire is included in
Supplemental Materials).

This study was exempt by the University of North
Carolina at Chapel Hill Institutional Review Board. All
study data were collected and managed using REDCap
electronic data capture tools hosted at the University of
North Carolina at Chapel Hill. REDCap (Research Elec-
tronic Data Capture) is a secure, web-based software
platform designed to support data capture for research
studies.®?! Countries were stratified by 2024 World Bank
income status into Upper-Middle Income [UMIC], Lower-
Middle Income [LMIC] and Low-Income [LIC] cate-
gories.”” Data reported in local currencies were converted
to USD using the exchange rates on xe.com on April
16, 2025.

Statistical Analysis

Data are reported using descriptive statistics, including
mean and standard deviation for normally distributed
continuous variables, median and interquartile ranges for
non-parametric continuous variables, and proportions for
categorical variables. Where respondents from the same
country entered discordant results about diagnostic test
availability, a test was considered available in a given
country if at least one respondent indicated in-country
availability of that test. For other variables with responses
from multiple respondents within a given country, re-
sponses were aggregated by country and reported as means
or medians as appropriate. Listwise deletion was used to
address missing data. For the clinician-derived action plan,
participants used direct ranking to indicate urgency (1 =
most, 8 = least) of an action item, and a mean score was
calculated for each item.

Results

Respondent Characteristics

A total of 130 respondents from 24 out of 54 African
countries participated (Figure 2). The highest proportion of
respondents were from LMICs (n = 81, 62%) followed by
LICs (n = 26, 20%), then UMICs (n = 23, 18%). Two-
thirds of respondents were neurologists or neurology post-
graduate trainees (Table 1). Most practiced in an urban area
(n = 84, 65%) and described their primary clinical setting
as a government or public clinic or hospital (n = 100, 78%).

Patient Population

Three-quarters of respondents noted that most patients
with neuroimmunological conditions in their primary
practice setting were of average or below average socio-
economic class for their country of practice (n =92, 75%).
In the past one year, more respondents had definitively
diagnosed MS (n =92, 71%) than NMOSD (n = 79, 61).
Most had confirmed between one and five new cases of
each diagnosis (MS: n =73, 57%; NMOSD: n =63, 50%).
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Section 1: Demographics

Job title (doctor/physician, resident/registrar, clinical officer, nurse, pharmacist, other)
Specialty (if applicable)
Country of practice (free response)

Primary practice setting (urban, large city, small city, rural; government-run/public, private, other)

Section 2: Patient Population

Socioeconomic status of most patients seen (above/below/at average for the country)
Patient age group (adults, children, both)

Confirmed (MS, NMOSD, MOGAD) diagnoses in the past 1 year
Suspected/unconfirmed (MS, NMOSD, MOGAD) diagnoses in the past 1 year

Section 3: Health Professionals

Availability of neurologists (at primary site, in-country)
Availability of neuroimmunologists (at primary site, in-country)
Source of clinician referrals

Section 4: Health System Diagnostics (Imaging)

Access to MRI (at primary site, locally <25 km away, in-country)
Functional status of at least 1 local MRI (% per year)

Highest strength of local MRI (<1.5 Tesla, 1.5 Tesla, 3 Tesla, >3 Tesla)
Time between MRI request and MRI results available

Cost of MRI brain and spine to patient (pre-insurance)

Level of public or private insurance coverage for MRI brain

Section 5: Health System Diagnostics (Laboratory)

Availability of serum aquaporin-4 and MOG-antibody testing

Type of assays available for serum aquaporin-4 and MOG-antibody testing
Cost of serum aquaporin-4 and MOG-antibody testing to patient (pre-insurance)
Level of public or private insurance coverage for serum antibody testing

Section 6: Formulating an Action Plan

Ranking of actions needed to achieve a rapid diagnosis (most to least urgent)

Subsidizing cost for MRI

Increasing availability of MRI

Subsidizing cost for serum antibody testing

Increasing availability of serum antibody testing

Creating educational training for non-neurology healthcare providers to improve referrals
Training more neurologists who can diagnose neuroimmunological conditions

e Developing national guidelines for diagnosis

e Creating educational material for the public

Supplemental Survey

Patient Population:
Follow-up appointments in the past one year (% of neuroimmunological patients)
Registry/database or patient advocacy group in-country
Confirmed other neuroimmunological disorders in the past one year
Suspected/unconfirmed other neuroimmunological disorders in the past one year
New patient wait time to see a neurologist

Health Professionals:
Access to radiologists and neuroradiologists (in-person, virtually in-country or internationally)
Frequency of consulting with a radiologist or neuroradiologist for neuroimmunology cases
Access to allied health professionals for neuroimmunological patients

Health System Diagnostics (Imaging):
Use of government and private insurance to subsidize MRI costs (% of patients)
Use of annual surveillance scans (% of patients)
Reason for not obtaining annual surveillance scans

Health System Diagnostics (Laboratory):
Access to CSF NMO and MOG IgG testing

Figure 1. Summary of Variables Collected by Standardized Questionnaires in Main and Supplemental Survey. For Additional Details,

Please See Supplemental Section including Full Questionnaires

Most respondents who had definitively diagnosed more
than five cases of both MS and NMOSD were from UMICs
(n = 6, 26%) whereas none of the respondents from LICs
had definitively diagnosed more than five cases of both MS
and NMOSD. Most respondents had not confirmed a

MOGAD diagnosis in the past year (n = 87, 69%). The
proportion of respondents who diagnosed at least one
confirmed case of MOGAD was higher among those who
cared for pediatric patients (n = 12/28, 43%) compared to
those who only cared for adult patients (n = 25/102, 24%)).
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Figure 2. Map of Responding Countries by 2024 World Bank Income Group and Number of Respondents per country. Source: https:/

www.mapchart.net/africa.html

Most respondents indicated that the number of patients for
whom they were unable to provide a definitive diagnosis
due to diagnostic barriers in the past one year was higher
than the number of definitive diagnoses they made; this
was true for MS, NMOSD and MOGAD (Figure 3).
Respondents reported most patients with neuro-
immunological disorders were referred to them from
general practitioners (32%) followed by ophthalmologists
(27%) (Figure 4).

Access to Health Professionals

While all participating countries had at least one neurol-
ogist and ophthalmologist within their country, only half
had an in-country neuroimmunologist (Table 2). Within a
25-kilometer radius, ophthalmologists were most avail-
able, and neuroimmunologists were least available (94%
ophthalmologist, 74%  neurologist, 44%  neuro-
ophthalmologist, 14% neuroimmunologist). The percent-
age of respondents who indicated availability of either a

neurologist or ophthalmologist within a 25-kilometer ra-
dius was lowest in LICs (50% neurologist, 89% oph-
thalmologist) and highest in UMICs (86% neurologist,
100% ophthalmologist). Of those who had a neurologist
available within a 25-kilometer radius, the median number
was four neurologists (Interquartile Range [IQR] 2, 6) and
one neuroimmunologist (IQR 1, 2). Respondents prac-
ticing in an urban setting reported a median of five local
neurologists (n = 65; IQR 2,6) vs a median of two in non-
urban settings (n = 21; IQR 1,3).

Access to MRI Diagnostics

All respondents had access to an MRI unit within their
country (Table 3). Within a 25-kilometer radius, approx-
imately three-quarters reported availability of an MRI unit,
with a median of three MRI units (IQR 1.25, 5). Of the
respondents who indicated availability of an MRI unit
within a 25-kilometer radius, most were aware of the
highest available magnet strength (n = 75, 63%); the most
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Table I. Respondent Characteristics (n = 130)

n (%)

Job title

Neurologist 79 (61)

Internist or general practitioner 16 (12)

Internal medicine resident 10 (8)

Neurology post-graduate resident 7 (5)

Clinical officer 3(2)

Other* 15 (12)
Setting of primary practice location

Urban (> million residents) 84 (65)

Larger city (100 000-1 million residents) 25 (19)

Smaller city (50 000-100,000 residents) 17 (13)

Rural (<50 000 residents) 4 (3)
Primary clinical practice setting

Government/public hospital or clinic 100 (78)

Private hospital or clinic 29 (22)
Primary treated age group

Adults only (18+) 102 (79)

Children (less than 18) 4 (3)
Both adults and children 24 (18)
Socioeconomic class of most neuroimmune patients seen in
practice

Lower than average for country 42 (34)
Approximately average for country 50 (41)
Higher than average for country 14 (11)
Even distribution 17 (14)

Definitively diagnosed at least one case in the past one year

Multiple sclerosis 92 (71)
Neuromyelitis optica spectrum disorder 79 (61)
Myelin oligodendrocyte antibody disease 40 (31)

*Other respondent roles included ophthalmologist, obstetrician, nurse,
nurse practitioner, pharmacist, physiotherapist, midwife.

frequently reported was 1.5 Tesla (n = 46, 61%) followed
by 3 Tesla (n =20, 27%). No respondent from an LIC had
access to a 3 Tesla MRI unit within a 25-kilometer radius,
while 24% of respondents from LMICs and 47% of re-
spondents from UMICs could access a 3 Tesla MRI unit.
The majority of UMIC respondents (n = 14, 70%) indi-
cated at least one MRI unit within a 25-kilometer radius
was functioning more than nine months per year compared
to only 46% (n = 6) of LIC respondents. Most respondents
indicated that time from MRI being ordered to clinician
review was less than one month (n = 66, 70%); this
proportion was highest amongst respondents from LICs
(n =12, 80%).

Antibody Diagnostics by Country

More participating countries reported having access to
serum aquaporin-4 antibody testing within their country
(n = 14, 58%) than MOG-antibody testing (n = 12, 50%)
(Table 4). Availability of in-country antibody testing was
lowest for LICs (NMOSD: n = 4, 40%; MOGAD: n = 3,
30%). Three countries (12.5%), all LICs, reported no
access to either antibody test, even when considering the
possibility of sending samples outside their country. The

most commonly available assay was enzyme-linked im-
munosorbent assays (ELISA) (n = 14, 58%). Availability
of either a fixed or live cell-based assay was highest in
UMICs (NMOSD: n=2, 67%; MOGAD: n= 1, 33%) and
lowest amongst LICs (NMOSD: n=1, 10%; MOGAD: n=
2, 20%). Respondents from nine countries (38%) with
available antibodies indicated they were unsure of

assay type.

Diagnostic Costs and Insurance Coverage

The median cost to the patient was 150 USD for an MRI
brain and 160 USD for an MRI spine (Table 5). Median
costs were highest in UMICs (MRI brain 397 USD [IQR 0,
707]; MRI spine 486 USD [IQR 0, 773]) and lowest in
LMICs for MRI brain (130 USD, [IQR 80, 193]) and in
LICs for MRI spine (150 USD, [IQR 88, 273]). Re-
spondents who primarily practiced in a private setting
reported a higher median MRI cost (n = 21; MRI brain
399 USD [IQR 193, 687]; MRI spine 496 USD [IQR 250,
700]) compared to those who practiced in a public or
government setting (n = 82; MRI brain 113 USD [IQR 59,
176]; MRI spine 148 USD [IQR 80, 252]). The overall
median cost of an ELISA for aquaporin-4 testing was
100 USD (IQR 31, 161) (n = 14) and for MOG-antibody
testing was 102 USD (IQR 67, 134) (n = 8). Overall,
respondents indicated that private insurance offered the
most coverage for both MRI (n = 59, 48%) and serum
antibody tests (n = 40, 38%) (Table 6). The proportion of
respondents indicating neither government-sponsored or
private insurance coverage was highest within LICs for
MRI (n =7, 27%) and serum antibody tests (n = 11, 50%).

Prioritized Action Plan

The action item selected as most urgent to improve the
timely diagnosis of neuroimmunological conditions in the
respondent’s primary practice setting was subsidizing the
cost of MRI (mean score = 2.8, SD 2.2) followed by
increasing availability of MRI (mean score = 3.4, SD 2.2).
Figure 5 outlines the ranking of the remaining action items.

Supplemental Survey

Fewer participants (n = 25/130, 19%) completed the
optional supplemental survey (Figure 1). These re-
spondents were primarily neurologists (n = 23, 92%)
representing half of countries that were included in the
full survey (n = 12/24, 50%) and practicing in an urban
area (n = 20, 80%) and government/public practice
setting (n = 16, 64%). Most respondents (n = 16, 64%)
indicated that more than half of patients with MS,
NMOSD and/or MOGAD came for at least one follow-up
appointment in the past one year. Respondents also re-
ported that they had diagnosed the following neuro-
immunological conditions within the past year: CNS
systemic lupus erythematosus (n = 11, 44%), CNS
vasculitis (n = 9, 36%), neurosarcoidosis (n = 7, 28%),
stiff person syndrome (n =7, 28%), anti-NMDA receptor
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Figure 3. Demyelinating Disorders Diagnosed by Respondents in the Past One year.
*Suspected diagnoses indicated those for whom the respondent was unable to provide a definitive diagnosis due to patient-related, financial or systemic

barriers to diagnostics

encephalitis (n = 6, 24%), neuro-Sjogren’s (n = 6, 24%),
and neuro-Behcet’s (n = 4, 16%). Respondents from
five out of the 12 countries represented reported having
an active patient registry for neuroimmunological dis-
orders (Ghana, South Africa, Nigeria, Kenya, Burundi).

Most respondents indicated that the wait time to see a
neurologist was less than three months (n =22, 88%), and
this did not differ between those practicing in a public vs

private setting. Most respondents had access to a local, in-
person radiologist (n =21, 84%) with a median of 5.5 (IQR
3, 13). Few could access a neuro-radiologist either in-
person (n = 12, 48%) or virtually (n = 3, 12%);
nine respondents indicated no access to a neuroradiologist
(n =9, 36%). The most frequently available local allied
health professional for neuroimmunological patients were
physical therapists (n =25, 100%), followed by dieticians
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Figure 4. Source of Referrals for Patients With Suspected Neuroimmunological Disorders in the Past One Year
*Other includes cardiologist, rheumatologist, self-referrals, psychiatrist, and nurses
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Table 5. Median Cost of MRI Brain and Spine by Country and World Bank Income Level

MRI brain cost (USD)

MRI spine cost (USD)

n Median IQR n Median IQR

Overall 103 150 (75, 241) 94 160 (94 391)

Upper-middle income 18 397 (0,707) 16 486 (0, 773)
South Africa 16 462 0, 726) 14 581 (0, 891)
Mauritius | 399 — | 443 —
Botswana | 0 — | 0 —

Lower-middle income 66 130 (80, 193) 6l 161 (103, 342)
Ghana 26 140 (97, 161) 25 161 (120, 226)
Nigeria | 74 (59, 90) I 87 (75, 109)
Kenya 9 193 (154, 200) 8 332 (176, 579)
Angola 5 329 (0, 350) 5 350 (0, 658)
Zambia 2 42 (42, 42) | 141 —
Tanzania 4 130 (114, 160) 3 167 (148, 209)
Egypt 3 24 (20, 124) 2 32 (31, 33)
Cameroon 3 300 (262, 322) 3 360 (352, 395)
Cote d'lvoire | 251 — | 596 —
Morocco | 376 — | 430 —
Zimbabwe | 500 — | 1500 —

Low income 19 150 (74, 261) 17 150 (88, 273)
Uganda 7 150 (136, 236) 5 164 (136, 273)
Liberia 2 400 (375, 425) 2 876 (613, 1139)
Somalia 2 119 (103, 134) 2 119 (103, 134)
Rwanda | 176 — | 176 —
Ethiopia 2 60 (60, 60) 2 53 (53, 53)
Malawi | 0 — | 0 —
Burundi | 250 — | 250 —

Sierra Leone | 59 — | 59 —
DRC | 450 — | 450 —
Sudan | 109 — | 96 —

Bolded values represent data per income group and overall.

(n = 20, 80%), speech therapists (n = 19, 76%), and
psychologists (n = 19, 76%); only six respondents indi-
cated having access to an MS nurse (n = 6, 24%). Most
respondents (n = 16, 64%) reported that either none or less
than half of their patients with neuroimmunological dis-
orders typically obtain annual surveillance MRIs, pri-
marily due to cost of MRI (n =19, 76%) and lack of patient
follow up in clinic (n = 10, 40%). Respondents from
seven out of the 12 countries reported in-country avail-
ability of both CSF NMO and MOG IgG testing (n = 7,
58%), while those from four countries reported these CSF
samples needed to be sent outside the country (n =4, 33%).
Very few respondents indicated that more than half of their
patients with neuroimmunological disorders used gov-
ernment insurance to assist with MRI costs (n = 3, 12%).
More respondents indicated that more than half of their
patients used private insurance to assist with MRI costs
(n=17,29%) as compared with government insurance (n =
3, 12%).

Discussion

We present data from clinicians providing care for patients
with neuroimmunological disorders across the African

continent to better understand the current access, avail-

ability and cost of diagnostics. Various global studies have
focused on a specific disease entity or diagnostic test and
noted disparities in availability and affordability of diag-
nostic tests for as well as in provider knowledge of MS and
NMOSD.!”?? Regional survey studies from Latin America
and Southeast Asia conducted amongst healthcare pro-
viders to understand availability and barriers of diagnostics
similarly found gaps in availability of neurologists, neu-
roimmunology sub-specialists, availability of high-quality
MRI and antibody tests for NMOSD and MOGAD.'***
However, per our review of the literature, this is the first
study to comprehensively report the current landscape of
diagnostics for MS, NMOSD, and MOGAD in Africa. Our
findings outline the challenges of diagnosis across dif-
ferent health systems within the continent and highlights
clinicians’ perspectives on improving timely diagnosis.

Population of Patients with MS, NMOSD,
and MOGAD

In the literature, the MS to NMOSD prevalence ratio varies
between 30:1 in largely White cohorts to 2.6:1 in East
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Table 6. Insurance Coverage of MRI and Serum Antibody Tests by Respondents per Country

MRI insurance coverage (n = 116)

Serum aquaporin-4 and MOG antibody test insurance
coverage (n = 107)

>50% by
government,

>50% by No
private, coverage,

Unknown,
n (%) n (%) n (%) n (%)

>50% by >50% by No
government, private, coverage, Unknown,
n (%) n (%) n (%) n (%)

Overall 19 (16)
Upper- 4 (17)
middle
income
South 3 12 | 4
Africa
Mauritius — | — —
Botswana | | — —
Lower- 11 (15) 36 (49)
middle
income
Ghana —
Nigeria —
Kenya I
Angola I
Zambia 2
Tanzania 3
Egypt 3
Cameroon —
Cote —
d’lvoire
Morocco | | — —
Zimbabwe — | — —

59 (48) 25 (20)

w
N o
[0, ]

Low income 4 (I5) 9 (35) 7(27) 6(23)

N
w
w

Uganda
Liberia — | — |
Somalia — — | |
Rwanda 2
Ethiopia ~ — I 2 —
Malawi — — — |

Burundi — — — —
Sierra — _ _

Leone

DRC — — | —
Sudan | — — —

19 (16)
14(61) 1(4) 4(17)

1723) 9(13)

9 (9) 40(38) 33(31) 23(22)
4(18) 13(9) 1(4) 4 (18)

5 (8) 25 (41) 21 (35) 10 (16)

1(50) 9 (4l)

Bolded values represent data per income group and overall. As each respondent could select multiple options, percent values reported by type and level of
coverage, not by country. Government = public, national or government-sponsored health insurance. No coverage = neither government nor private.

Asian populations.”**?> In this study, slightly more re-
spondents indicated they had definitively diagnosed more
new cases of MS as compared to NMOSD in the past one
year. Although this study was notably not designed to
ascertain prevalence, the findings suggest an important
incongruence. Global reports of low MS prevalence in sub-
Saharan Africa as well as studies that support higher
NMOSD prevalence amongst those of African ancestry
have led to the prevailing belief among clinicians that
NMOSD is more prevalent than MS in Africa.”* This
difference between the prevalence ratio assumptions held
by clinicians and this study’s findings may be due to
several reasons, including that MS is truly more prevalent
than NMOSD but underdiagnosed in Africa, or that
NMOSD is underdiagnosed, misdiagnosed or faces a

survivorship bias due to higher early mortality rates
compared to MS in Africa. MOGAD was diagnosed more
frequently by respondents who cared for pediatric patients
compared to only adult patients, a finding which is sup-
ported by the literature that MOGAD is more common in
children compared to other CNS demyelinating
disorders.”®?” Furthermore, the number of suspected but
unconfirmed diagnoses of demyelinating disorders due to
patient-related, financial or systemic barriers to diagnostics
was higher than definitive diagnoses across each disease
entity in the past one year. While these findings are es-
timates by clinicians, do not reflect true population-based
metrics and must be interpreted with caution, this un-
derscores the concern for ascertainment bias in our current
epidemiological understanding of neuroimmunological
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Subsidizing cost for MRI

Iraining more neurologists who can diagnose neuroimmunological conditions

Increasing availability of serum antibody testing

Creating educational training for non-neurology healthcare providers to improve
timely referrals

Developing national guidelines for diagnosis
Creating educational material for the public
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Increasing availability of MRI _ \SASSSS S

Subsidizing cost for serum antibody testing _ 7777

@ Somewhat (5-6) 0B Least (7-8)

10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

Figure 5. Ranked urgency of Action Items to Improve Timely Diagnosis of Neuroimmunological Disorders by Percent of Respondents

(n =90)

disorders across Africa due to resource limitations leading
to underdiagnosis. Our study’s finding that respondents
from UMICs diagnosed more cases of MS and NMOSD is
supported by a global ecological survey that found MS
prevalence correlated with a country’s healthcare expen-
diture per capita and density of neurologists and MRI
units.”® Referrals for suspected neuroimmunological pa-
tients were primarily from general practitioners, oph-
thalmologists, and clinical officers (who function similarly
to physician assistants in many healthcare systems across
Africa), a finding that is similar to a retrospective study
conducted in Ireland.?’ Notably, general practitioners were
the target audience for a recent virtual MS training course
in Africa, and additional engagement of ophthalmologists
and clinical officers in future sessions is needed.*”

Availability of Health Professionals

Availability of a neurologist or ophthalmologist locally
was lowest in LICs. Data on workforce density from global
studies support this finding, and, furthermore, indicate that
sub-Saharan Africa has the lowest density of neurologists
and ophthalmologists of any world region.>'*> While the
absolute number of neurologists and ophthalmologists
within African countries has increased over time, the
distribution is mainly concentrated in urban areas,* which
is underscored by most of this study’s respondents pri-
marily practicing in an urban area. Taken together, these
findings suggest that more rural areas within LICs have the
least access to health professionals who can diagnose
neuroimmunological disorders, and this may strongly
influence estimates of prevalence. Interestingly, the re-
ported wait time to see a neurologist was lowest in LICs,
which may be explained by under-utilization of neurology
services in LICs vs longer health system referral mecha-
nisms in the other income groups. However, this needs to
be further studied with a larger sample size.

While no previous studies have examined the availability of
sub-specialized health professionals, specifically neuro-
immunologists, neuro-radiologists and neuro-ophthalmologists,
by country in Africa, the third Atlas of MS reported about 5%

of all neurologists globally have subspecialty expertise in
neuroimmunology.** When contextualized with the World
Health Organization’s report of 0.03 neurologists per 100 000 in
Africa,’ this supports our study’s finding that sub-specialists
are even more scarce. While a sub-specialist is not necessary to
diagnose neuroimmunological disorders, referral to one may be
useful for cases in which there is diagnostic uncertainty, es-
pecially for conditions that may not be commonly diagnosed by
the practicing general neurologist. Furthermore, tele-neurology
may be leveraged to bridge this gap in access to sub-specialist
evaluation and follow up for patients with suspected or con-
firmed neuroimmunological conditions.>>’ Notably, there was
variation in reported availability of an in-country neuro-
immunologist from respondents in six countries, suggesting
that provider awareness of sub-specialist availability is war-
ranted and may be highlighted through regional groups such as
the AFRICTRIMS network. However, as we could not confirm
formal, standardized sub-specialist training for neuro-
immunologists and neuro-ophthalmologist, these data may be
over-estimates.

Availability and Cost of MRI

Auvailability of local referral for MRI and access to either a
1.5 or 3 Tesla MRI unit was lowest in LICs in our study.
This corresponds with global studies of MRI unit density,
which found that the lowest density of MRI units is in LICs
and in the African region.’® Studies assessing MRI access
within and across health systems in Africa noted that MRI
units were concentrated within urban areas, more domi-
nant in the private sector, typically of 1.5 Tesla strength,
and clinically under-utilized; additionally, a non-negligible
portion of them were not operational, a finding that was
also noted amongst LICs in our study.’’*" Given the
significant role of MRI in diagnosis of neuro-
immunological disorders and the superiority of 3 Tesla
MRI in visualizing smaller lesions, especially in the spinal
cord, limited access to high-quality MRI constitutes a
notable barrier to diagnosis in the region.'*"'>* Addi-
tionally, MS carries the highest risk of developing
asymptomatic lesions compared with NMOSD and
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MOGAD and silent MS lesions predict higher risk of
clinical relapse; as such, surveillance MRI is routinely
recommended for MS, but it is not as important for
NMOSD or MOGAD.**** After diagnosis, optimal dis-
ease monitoring differs between the three disorders and
this carries important implications for strategies that must
be employed depending on the specific disorder. Re-
garding delay to MRI, surprisingly, respondents from LICs
reported the shortest time from MRI ordered to clinician
review; this may be due to a selection bias in participants of
higher socioeconomic strata who are able to afford MRI in
LICs, under-utilization of available MRI units in LICs,
shorter wait times for follow-up appointments, or varia-
tions in MRI scheduling within health systems in non-
LICs. Insurance coverage for MRI, which was lowest
amongst LICs, represents an important cost-related barrier
to care and carries implications for both diagnostics and
disease management. A large survey conducted amongst
patients with MS in Latin America found that those with
private insurance had greater access to imaging and ap-
propriate delivery of disease-modifying treatments.'® A
dedicated, regional study amongst patients with MS,
NMOSD and MOGAD across Africa may better under-
score the role of insurance coverage in time to diagnosis
and delivery of treatment, and these data could bolster the
levels of advocacy and stakeholder interest on a national
and regional scale.

Median cost of MRI in this study was similar to but
slightly lower than the average of 200 USD reported by a
recent needs assessment survey of radiologists in Africa.*'
Costs of MRI reported by those practicing in a private
setting were higher than those in a government setting, likely
reflecting a combination of differences in socioeconomic
status of patients, level of subsidization, and costs of MRI
operation and maintenance by practice setting. Interestingly,
median costs did not clearly correlate with World Bank
income status as the cost of MRI brain was slightly higher in
LICs than LMICs. As this study was not specifically de-
signed to detect true differences in MRI costs and there were
broad ranges reported even within countries, dedicated
comparative cost analyses of MRI across income strata
within Africa are needed to further explore the validity,
reproducibility and causal factors of this finding.

Availability and Cost of Antibody Testing for
NMOSD and MOGAD

Respondents from only three of 24 countries reported
having no access to serum aquaporin-4 and anti-MOG
antibody tests. A 2019 study that used convenience
sampling to outline the limited global availability of an-
tibody testing found that about half of responding African
countries did not have access to either antibody test.'” The
difference may be attributed to recent improvements in
ability to perform antibody tests either in-country, the
inclusion of shipping samples outside the country, or the
use of multiple respondents per country in our study to
capture more variation within countries as compared to

convenience sampling. Variation in reported availability
by respondents from within the same country also rep-
resents an important gap in provider knowledge of
availability of testing within countries and, as such, these
data may be used to improve awareness for providers. A
broader knowledge gap is also likely, as most respondents
did not find antibody testing to be urgent in improving
diagnostics (Figure 5), even though there is clearly in-
sufficient availability of antibody testing in many coun-
tries. This discrepancy represents an important target for
educational efforts as a perceived lack of urgency may
pose a barrier to future efforts to increase availability of
testing.

Cost of antibody testing for serum aquaporin-4 was
lower than the median reported cost in a prior global
survey of NMOSD, likely because the antibody testing
cost within Africa is truly lower than the global median due
to laboratory or personnel costs and possible subsidiza-
tion.'” ELISA was the most frequently available assay to
test for both NMOSD and MOGAD but is known to have a
low sensitivity. In particular, ELISA is especially not
recommended for anti-MOG antibody testing, which may
explain why most respondents had not definitively diag-
nosed MOGAD in the past year.**” Only a few countries
reported access to the gold-standard cell-based assay.*®
This limited access to serum antibody testing in several
countries also draws attention to an important need for
low-cost diagnostics, such as point-of-care dried blood
sport testing, which may improve clinicians’ ability to
accurately and quickly diagnose neuroimmunological
disorders in resource-limited settings. Dried blood spot
testing has recently been shown to be feasible for
aquaporin-4 antibody detection, so programs are urgently
needed to expand access to this test in lower resourced
settings globally, especially in Africa.*°° Given the lack
of access to MOG antibody testing, particularly non-
ELISA assays, development of similar systems for
MOG antibodies are also urgently needed. Lastly, because
quality management systems for medical laboratories
across Africa are growing, this may be an important ex-
isting infrastructure within many African countries to
expand high-quality, standardized antibody testing for
neuroimmunological conditions.”!

Respondents from several countries that had access to
the antibody tests reported that they were not aware of the
assay type; this represents an important knowledge gap
amongst providers taking care of this patient population
since assay type may influence interpretation of tests re-
sults, clinical decision-making and estimates of disease
prevalence. While a virtual MS training course was re-
cently implemented in Africa, additional courses aimed at
improving provider knowledge for diagnosing NMOSD
and MOGAD are warranted.””

Non-demyelinating Immune-Mediated Disorders

While data on non-demyelinating immune-mediated dis-
orders, such as autoimmune encephalitis (AE) and neu-
rosarcoidosis, was limited mainly to the supplemental
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survey completed by a smaller cohort of respondents, the
findings suggest that these conditions are being diagnosed
by clinicians in Africa and warrant being systematically
studied through regional collaborations. Data on avail-
ability of antibody testing, especially for AE and other
antibody-mediated conditions, was not specifically gath-
ered in this study. However, a recent review of AE in Latin
America noted concerns for underdiagnosis due to scarcity
and cost of antibody testing, as well as the reliance on
shipping samples to North America and Europe.”

Prioritized Action Plan to Improve Timely Diagnosis

In synthesizing the current state of diagnostics to generate a
clinician-driven prioritized action plan to improve rapid
diagnosis, MRI cost and availability were the most fre-
quently selected as most urgent by respondents. A global
survey of barriers to MS diagnosis found that lack of
awareness of MS symptoms amongst the public and health
care professionals was the most commonly identified barrier
to early diagnosis of MS, while lack of specialized medical
equipment such as MRI was less frequently selected.'®
Since our study was conducted only amongst clinicians
practicing in Africa, the prioritization of MRI cost and
availability likely represents a more pressing barrier to this
group and highlights the importance of regional data in
identifying specific barriers to improve timely diagnoses.

Limitations

Our study has several limitations. While only 44% of African
countries were represented, to our knowledge, this study is
the most comprehensive report of neuroimmunology diag-
nostics in Africa to date. Selection bias may have influenced
results as respondents were mainly clinicians with a special
interest in neuroimmunology, had access to an electronic
method of completing the survey, and had at least a basic
level of English proficiency (mainly Anglophone countries
were represented). While some countries had multiple re-
spondents resulting in over-representation of their country’s
data, others only had one respondent. Consequently, this may
under-estimate variations and complexity reported in coun-
tries with low response rates. Compared to the overall dis-
tribution of World Bank income categories in Aftica, LICs
were underrepresented in this study, further suggesting that
results are likely to be under-estimates. Additionally, the
response rates for certain variables (such as cost of antibody
tests) and the supplemental survey were significantly lower
than for other survey variables and could be attributed to
respondents either not knowing the requested information or
to survey fatigue. As a result, variables with lower response
rates over-represented data from urban, university-affiliated
respondents and, as such, may be under-estimates of true
costs. Data for most variables collected are also subject to
recall bias. However, the selection of clinicians as the target
population for this study allowed for a broad, efficient as-
sessment of diagnostics that would not have been possible
through other sampling methods. Lastly, due to the de-
scriptive nature of this study, any causal associations cannot

be directly made; however, these data may be hypothesis
generating for future studies.

Conclusions

The survey of the current state of neuroimmunology diag-
nostics in Africa highlights gaps in access to specialists and
diagnostic tests that will benefit from multisectoral advocacy
to improve access to diagnostics in parallel with educational
interventions to increase knowledge of neuroimmunological
disorders amongst neurology providers. Several countries
without access to specific antibody tests are geographically
proximal to countries with access, and this finding should be
hamessed to develop regional collaborations to increase
access to diagnostics and more timely diagnoses. Finally, the
emphasis and urgency of improving availability and cost of
MRI to diagnose neuroimmunological conditions in a timely
manner represents the need for a coordinated task force to
prioritize and implement solutions within this region.
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