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ARTICLE INFO ABSTRACT

Keywords: Introduction: Neuromyelitis optica spectrum disorder (NMOSD) is an autoimmune inflammatory syndrome
Neuromyelitis optica characterised by Aquaporin-4 antibodies (AQP4 Ab). Clinical presentations include optic neuritis, longitudinally
Relapses ) extensive transverse myelitis (LETM), area postrema syndrome, diencephalic and cerebral syndromes. Immu-
Chronic immunosuppression d 1 d d bl h . 1 1 d f b h f . h
Africa nosuppressants are used to prevent relapses and disability. There is little data from sub-Saharan Africa on the
HIV clinical presentations and outcomes of patients with NMOSD.

Rituximab Methods: An observational study was conducted between January 2023 and June 2024 at three hospitals in

Johannesburg, South Africa. We included all patients with NMOSD who had a minimum of 12 months follow up
after diagnosis. Data was collected on demographics, clinical manifestations, AQP4 Ab status, immunosup-
pressive medications used, and relapses.

Results: Thirty-nine patients were recruited, all black African; 36 (92.3 %) were female, and 35/39 (89 %) were
AQP4 Ab positive. Twelve patients were living with HIV. The most common clinical presentation was optic
neuritis (38 %), followed by LETM (31 %). One or more relapses occurred in 24 patients (62 %). No significant
risk factors for relapse were identified. Rituximab had the lowest relapse rate at 0.10 relapses per patient-year
compared to azathioprine (0.23 relapses per patient-year) and mycophenolate mofetil (0.54 relapses per
patient-year). No significant side effects were noted in people living with HIV and HIV negative patients using
rituximab.

Conclusion: Chronic immunosuppression with rituximab was associated with the lowest relapse rate. In our
population with a heavy burden of HIV, we have had no serious adverse events with using rituximab, which
should be recommended as a first-line immunosuppressive agent in our setting.

Prevalence estimates vary considerably worldwide. A systematic
review of NMOSD in Africa reported a prevalence of 0.052 per 100,000

1. Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is an autoimmune
inflammatory disorder which involves the optic nerves, spinal cord,
brainstem, and/or cerebrum. [1] In most cases, NMOSD is associated
with antibodies directed against the Aquaporin 4 (AQP4) water channels
found in astrocytes. [2] The binding of the AQP4 antibodies to the
perivascular astrocytic podocytes leads to activation of the complement
cascade and results in inflammation and tissue destruction with subse-
quent neurological deficits, depending on the region of the nervous
system affected. [3] Clinical presentations include optic neuritis (ON),
longitudinally extensive transverse myelitis (LETM), area postrema
syndrome (APS), diencephalic syndrome and cerebral syndromes. [1]
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in South Africa. [4] The impact of ethnicity on NMOSD is not clear, but
there is a predilection toward non-white populations. [5] NMOSD occurs
more commonly in females (9:1 female:male) with a median age of 39
years. [5] The presence of comorbid autoimmune diseases is found in
20-30 % of cases, including systemic lupus erythematosus, Sjogren’s
syndrome, coeliac disease, autoimmune hypothyroidism, myasthenia
gravis and rheumatoid arthritis. [6] An association between tuberculosis
and NMOSD has been reported in a previous study done in South Africa.
[71

NMOSD often has a relapsing clinical picture, with the risk of cu-
mulative disability with each relapse. [8] Relapse rates range between
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48 and 94 %, [9-11] with the average time to first relapse varying be-
tween 7 and 14 months. [12,13] Risk factors for relapse are not well
understood but reportedly include female gender, younger age of onset,
pregnancy and febrile illness. [14-16] Immunosuppressive treatment is
used to prevent relapses and disease progression. The Food and Drug
Administration-approved (FDA) immunosuppressive agents are inebili-
zumab, eculizumab and satralizumab. [17] These drugs are not avail-
able in the resource-constrained public healthcare sector in South
Africa. Based on expert opinion and retrospective studies, azathioprine,
mycophenolate mofetil (MMF) and rituximab have been recommended,
with rituximab being documented to be the most effective. [18-21]
Rituximab has been approved in Japan for NMOSD relapse prevention
based on randomised controlled trial data. [22,23] However, in South
Africa, a low-middle income country (LMIC), rituximab is not readily
available and is inaccessible outside major centers. Furthermore, the
safety profile of rituximab is unknown in a population with a high
prevalence of HIV and tuberculosis, such as ours. [24]

We sought to describe the clinical profile and risk factors for relapse
among NMOSD patients in South Africa and to compare relapse rates
and adverse effects of the different immunosuppressive drugs available
in our setting. Using this information, we aimed to motivate access to
optimal disease-modifying therapy.

2. Methods

This prospective observational study was conducted in the three
tertiary-level hospitals serving the population of Johannesburg, South
Africa (Chris Hani Baragwanath Academic, Helen Joseph and Charlotte
Maxeke Johannesburg Academic Hospitals) between January 2023 and
June 2024. Johannesburg has a population of 5.5 million people, with
an ethnicity distribution of 80.2 % Black African, 9.8 % Caucasian, 5.3 %
Mixed Race, and 4.7 % Asian. [25] All patients aged 18 and older who
met the 2015 NMOSD criteria were invited to participate. [1] Patients
were invited to participate once the diagnosis of NMOSD was made
either as an inpatient or at an outpatient neurology clinic in these three
hospitals. This included newly diagnosed and previously diagnosed
patients.

Data collected included demographics and co-morbidities (including
autoimmune diseases such as systemic lupus erythematosus, type 1
diabetes mellitus, autoimmune vitamin B12 deficiency, HIV infection,
and tuberculosis). Clinical characteristics, treatment regimens and re-
lapses (defined as episodes of a new or objectively worsening neuro-
logical deficit lasting >24 h and occurring 30 days or more after the last
attack) were also noted. Investigations performed included an autoim-
mune workup (Antinuclear antibody and Rheumatoid factor), Vitamin
B12, glycated haemoglobin (HBA1C), erythrocyte sedimentation rate,
angiotensin converting enzyme, Rapid Plasma Reagin, Treponema Pal-
lidum Assay, lumbar puncture (cells, protein, glucose, Venereal Disease
Research Laboratory Test, viral panel, GeneXpert, Cryptococcal Latex
Agglutination Test), Aquaporin 4 antibody status (cell based assay) and
anti-MOG antibody. Imaging included chest x-ray and MRI (brain and
spine). Tuberculosis was screened for in all patients using a question-
naire [26] as well as chest Xray and abdominal sonar. In people living
with HIV (PLWH), urine lipoarabinomannan was done. Side effects of
long-term immunosuppressive therapy were documented. (Appendix A).

In the previously diagnosed patients, retrospective data was
collected from hospital records and they were subsequently followed up
for a minimum of 12 months. The newly diagnosed patients were also
followed up for a minimum of 12 months. Informed consent was ob-
tained from all participants, and their anonymity was maintained at all
stages. Ethics approval was obtained from the management of all three
hospitals and the University of the Witwatersrand Human Research
Ethics Committee (Medical) (Clearance number M221144).
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2.1. Data management and analysis

REDCap (Research Electric Data Capture) is a secure web-based data
collection tool hosted by the University of the Witwatersrand. [27,28] A
dedicated database was created for this study in 2023. Prospective data
was collected over 12 months and combined with retrospective data of
the previously diagnosed patients. Data was exported into Stata 18.0
(Stata Corporation, College Station, USA) for analysis. Descriptive sta-
tistics were used to document patients’ demographic characteristics and
treatment and treatment responses. Continuous variables were
described using means and standard deviations if normally distributed
or medians and interquartile ranges when non-normal. The Shapiro-
Wilk test was used to assess normal distribution. Categorical variables
were described as frequencies and percentages. A comparison of nor-
mally distributed continuous variables was made using the Student’s t-
test and non-normally distributed data using the rank sum test. The chi-
squared test was used to compare categorical variables between male
and female patients. P-values of 0.05 or less were regarded as significant.

3. Results

Altogether, 39 participants were recruited; 13 were newly diag-
nosed, and 26 were previously diagnosed. Demographic data are shown
in Table 1. Twelve patients (30 %) were HIV positive, all were on an-
tiretroviral therapy, and had a CD4 count >200 cells/pL. None of our
patients had a simultaneous or preceding tuberculosis diagnosis.

The commonest clinical phenotype was optic neuritis, followed by
LETM (Fig. 1).

3.1. Relapse precipitants and risk factors

Twenty-four patients (62 %) experienced one or more relapse epi-
sodes, resulting in a total of 41 relapse episodes over 123 patient-years.
In 61 % of these episodes, no obvious relapse precipitant was identified.
Pregnancy was the commonest identified relapse precipitant in 15 %.
(Fig. 2).

Multivariate regression analyses, including gender, age, HIV status,
presence of other autoimmune diseases and AQP4 Ab status, failed to
identify any statistically significant risk factors for a relapse (Appendix
B). Out of the 41 relapse episodes, 17 (41.5 %) occurred in spring, 13
(31.7 %) in summer, 6 (14.6 %) in autumn and 5 (12.2 %) in winter.

3.2. Long-term immunosuppressive therapy

Azathioprine was the most prescribed immunosuppressive agent
(Table 2). Patients who relapsed on azathioprine were either maintained
on azathioprine or escalated to either MMF or rituximab (Fig. 3). This
decision was based on the opinion of the treating neurologist and the
available resources at the time of relapse. Abnormal liver function was
experienced by one patient on azathioprine, who was subsequently
changed to another agent (Fig. 3).

MMF was used in nine patients, mainly as escalation therapy from
azathioprine (Fig. 3). Patients who relapsed on MMF were escalated to
rituximab. Rituximab was used in 12 patients, either as first-line (four
patients), after relapsing on azathioprine or MMF (seven patients) and in

Table 1
Demographics (n = 39).

Variable Frequency

Median age (years)

Female

Black African

People living with HIV
Other autoimmune diseases
AQP4* positive

35 (IQR 28-45)
36 (92.3 %)

39 (100 %)

12 (30.8 %)
5(12.8 %)

35 (89.7 %)

* AQP4: aquaporin 4 antibody.
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Fig. 1. Frequency of clinical phenotype of patients with neuromyelitis spec-
trum disorder.

APS: area postrema syndrome; LETM: longitudinally extensive transverse
myelitis; ON: optic neuritis.
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Fig. 2. Relapse precipitant for patients with NMOSD (41 relapse episodes).

Table 2
The immunosuppressive agents used and their respective relapse rates.

Agent Number of Patient- Number of Relapses per
patients years relapses patient-year
Azathioprine 33 99 25 0.23
Mycophenolate 9 13 7* 0.54
mofetil
Rituximab 12 11 1 0.10

" Includes one patient who had three relapses on MMF.

one patient who had a relapse after defaulting treatment (Fig. 3). One
patient passed away from severe sepsis before long-term immuno-
therapy was initiated.

3.3. Relapses per agent

Rituximab had the lowest relapse rate (0.10 relapses per patient-
year), followed by azathioprine (0.23 per patient-year) and MMF
(0.54 per patient-year) (Table 2). However, of the nine patients on MMF,
seven had been escalated from azathioprine with severe disease. When
analysing only these seven patients, their relapse rates were similar on
azathioprine (0.54 relapses per patient-year) and MMF (0.63 relapses
per patient-year) (Table 3).
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3.4. HIV

Twelve of the 39 patients (30 %) were people living with HIV
(PLWH). Three of these patients had relapses (two were on azathioprine,
and one defaulted MMF). The most prescribed agent in PLWH was
azathioprine, which was used by eight patients. MMF was used by two
participants (one after relapsing on azathioprine and the other as a first-
line agent) and rituximab by five participants (used as first-line in three
patients).

No significant adverse effects (infections, neutropenia) were noted
when using these agents in this group (Appendix A). In our cohort, none
of the patients developed tuberculosis as a complication of immuno-
suppression, and it was not a precipitant for developing NMOSD.

3.5. Comorbid autoimmune diseases

Five patients (13 %) had other comorbid autoimmune diseases:
systemic lupus erythematosus [2], Type 1 diabetes mellitus [2] and
pernicious anaemia [1]. The presence of comorbid autoimmune disease
was not associated with an increased risk of relapse.

3.6. Side effects

One patient on azathioprine developed abnormal liver enzymes and
was subsequently changed to MMF. One patient on MMF developed a
urinary tract infection, and one patient receiving rituximab developed
an infusion reaction (chills) on the first infusion. There was no neu-
tropenia, thrombocytopenia or infections seen in patients using ritux-
imab (HIV positive and negative).

4. Discussion

We describe a cohort of patients with highly active NMOSD, as evi-
denced by 24 of 39 patients experiencing relapses (62 % relapse rate).
Our cohort was predominantly female (92 %) with a mean age of 35
years, similar to previously described data. [4,5] All our participants
were black Africans. Comorbid HIV infection was seen in 30 % of our
participants. This is less than that described in other South African
literature, which showed 42-75 % of comorbid HIV. [7,29] The esti-
mated prevalence of HIV in the adult population in South Africa is 19.6
%. [24] However, we do not have data on the prevalence of HIV in
patients admitted to tertiary hospitals in South Africa.

The clinical phenotype in this cohort showed that the main presen-
tation was ON, followed by LETM. This differs slightly from a 2021
systematic review of African studies which showed that LETM was more
common than ON. [4] Our frequency of other autoimmune diseases (12
%) was lower than that reported in international literature, which
estimated 20-30 % comorbid autoimmune disease. [6] There is a very
high prevalence of tuberculosis in South Africa (737 per 100,000 peo-
ple). [30] A possible association between tuberculosis and NMOSD has
been described previously in South Africa. [7] However, none of the
participants in our cohort had been diagnosed with tuberculosis before
or after the diagnosis with NMOSD.

We report a relapse rate of 62 %, consistent with international
literature. [9] Most relapses (61 %) had no identifiable precipitant;
however, there was a delay in the diagnosis of NMOSD in four patients,
resulting in relapses before immunosuppressive therapy was initiated.
This calls for more aggressive education about NMOSD among health-
care workers and the public. Two of the 39 patients had defaulted
treatment, and both developed relapses after seven and eight months,
respectively. This highlights the severity of NMOSD and the need to
counsel patients about the importance of adherence to chronic immu-
nosuppressive medication, as relapses can be debilitating and cause
considerable disability. We noted that most relapses occurred in sum-
mer, followed by spring. There is no clear explanation for this; however,
it is similar to the findings of a case-controlled retrospective study
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Fig. 3. Flow diagram of patients and their chronic immunosuppressive treatment.

MMEF: mycophenolate mofetil LFT: liver function test.

Table 3
Comparison of relapses of seven patients who changed to MMF whilst they were
on azathioprine.

Agent Number of Patient- Relapses  Relapses per
patients years patient-year

Azathioprine 7 22 12 0.54

MMF 7 11 0.63

performed in New Zealand and Australia. [31]

Rituximab was the most effective of the long-term immunosuppres-
sive therapies used in this cohort in preventing relapses, which is in
keeping with international studies. [20,21] The only patient in our
cohort who developed a relapse on rituximab had a particularly severe
disease course. She had two relapses on azathioprine in one year and
was then changed to MMF, on which she had three further relapses in 14

months. Once on rituximab, she developed a relapse in the fourth month
of treatment and was relapse-free for the following 14 months. Our
findings of azathioprine being slightly more efficacious than MMF differ
from previous literature. [20,21] However, this apparent finding may
partly be because of a single patient in our cohort who had three relapses
on MMF, as well as the fact that MMF was used chiefly as escalation
therapy after a patient relapsed on azathioprine.

In our resource-constrained setting, NMOSD patients are generally
started on azathioprine, then changed to MMF after a relapse and only
escalated to rituximab if they develop relapses on MMF. Our data con-
firms the evidence that rituximab is superior to azathioprine and MMF in
decreasing relapse frequency and subsequent morbidity and mortality,
though at a greater financial cost in the short term. [20,21] However, it
is known that NMOSD relapses lead to cumulative morbidity and per-
manent disability. Thus, every possible effort should be undertaken to
prevent relapses. In addition to the morbidity for the patient, more
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relapses will make them heavily reliant on the healthcare and welfare
systems for continuous support, thus drastically increasing the long-
term cost per patient. This study was not designed to quantify such
health economic implications. However, future studies are recom-
mended which will potentially drive policy change to use drugs such as
rituximab as first-line agents in NMOSD. Unfortunately, our study was
unable to identify a particular subgroup of patients who were more
prone to frequent and severe relapses. Identifying such risk factors in
future studies could help select patients who would most benefit from
rituximab.

There is little data on the safety of rituximab in PLWH with NMOSD.
Some evidence suggests an increased risk of neutropenia, thrombocy-
topenia and infections, particularly in PLWH with CD4 counts <50cells/
pL. [32] In a country like South Africa, with a high prevalence of HIV
and tuberculosis, there is often hesitancy to use aggressive immuno-
suppressive therapy such as rituximab due to the possibility of infectious
complications. [32,33] There were five PLWH on rituximab for a total of
4.5 patient-years in our cohort. No serious adverse effects were noted in
these patients (including sepsis or neutropenia). One patient developed
infusion-related chills during the first infusion. None of these patients
had a relapse. This provides some reassurance that the added efficacy
does not appear to come with any additional adverse effects.

4.1. Limitations

The limitations of our study include the fact that some of the data
was retrospective. The choice of chronic immunosuppression was based
on the assessment of the treating neurologist and the availability of the
immunosuppressive agents at that time, and not on a standardised

protocol. Our sample size, albeit small, is one of the largest from our
region.

Appendix A. Appendix

A.1. Side effects monitored for long-term immunosuppression

A.1.1. Rituximab
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5. Conclusion

We describe a cohort of 39 patients with highly active NMOSD.
Rituximab was associated with the lowest relapse rate compared to
azathioprine and MMF. We have shown that rituximab can be used
safely in a population with a high prevalence of HIV and tuberculosis
and should thus be considered as first-line immunosuppression for pa-
tients with NMOSD in our setting.
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Infusion-related side effects (hives, itching, swelling lips, palpitations, dizziness)

Infections (progressive multifocal leukoencephalopathy)
Persistent leukopenia

A.1.2. Mycophenolate mofetil

The principal side effects monitored included diarrhoea, sepsis, vomiting, leukopenia and opportunistic infections

A.1.3. Azathioprine

Side effects monitored in patients using azathioprine include nausea, fever, vomiting, hepatotoxicity, leukopenia and bone marrow suppression.

A.2. Side effects noted
A.2.1. Rituximab
Infusion-related chills

A.2.2. Mycophenolate mofetil
Urinary tract infection (one patient)

A.2.3. Azathioprine
Hepatotoxicity (one patient)
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Appendix B. Appendix

B.1. Risk factors for relapse among patients with NMO

Journal of the Neurological Sciences 475 (2025) 123589

Variable % with > 1 relapses Prevalence rate ratio (PRR), 95 %CI p-value Adjusted prevalence rate ratio (aPRR) 95 %CI p-value
Age in years 0.97 (0.95-0.99) 0.016 0.98 (0.96-1.00) 0.111
Sex
Female 22/36 (61.1) 1.00 - -
Male 2/3 (66.7) 1.09 (0.47-2.56) 0.841
People living with HIV 0.155 - -
No 19/27 (70.4) 1.67 (0.82-3.48)
Yes 5/12 (41.7) 1.00
Autoimmune diseases - -
No 20/34 (58.8) 1.00 0.253
Yes 4/5 (80.0) 1.36 (0.80-2.30)
More than one NMOSD phenotype 9/20 (45.0) 1.00 1.00
No 15/19 (79.0) 1.75 (1.02-3.02) 0.042 1.55 (0.95-2.50) 0.077
Yes
Season of diagnosis - -
Summer 14/21(66.7) 1.5 (0.67-3.34) 0.321
Autumn 1/1 (100) 2.25 (1.07-4.02) 0.032
Winter 5/7 (71.4) 1.61 (0.67-3.87) 0.292
Spring 4/9 (44.4) 1.00
AQP4 status - -
Negative 3 /4 (75.0) 1.25 (0.66-2.36) 0.491
Positive 21/35 (60.0) 1.00
Legend

APS: area postrema syndrome

AQP4 Ab: aquaporin 4 antibody

CD4: Cluster of differentiation 4

FDA: Food and Drug Administration

HIV: human immunodeficiency virus

LETM: longitudinally extensive transverse myelitis
LFT: liver function test

LMIC: low- and middle-income countries

MMF: mycophenolate mofetil

NMOSD: neuromyelitis optica spectrum disorders
ON: optic neuritis

PLWH: people living with HIV

REDCap: Research Electronic Data Capture

USA: United States of America

Data availability

All data will be available to qualified researchers upon reasonable
request.
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