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Background: This study is a descriptive review of the clinical and treatment outcome differences in HIV-infected
patients with motor neuron syndrome (MNS) and HIV-uninfected patients with motor neuron disease (MND).
Methods: A retrospective analysis of patients with MND/S was performed at Inkosi Albert Luthuli Central
Hospital (IALCH), Durban, South Africa between 2003 and 2017.

Results: One hundred and thirty six patients were included in the study, 101 (76%) were HIV-uninfected and 35
(26%) were HIV-infected. Ninety four percent of the HIV-infected cohort were < 50 years, median 41, IQR
(33-45), p < 0.001, had median ALS functional rating scale revised (ALSFRS-R) score of 28, IQR [24-30] and
40% of these patients on anti-retroviral therapy (ART) survived longer than 10 years. Ninety one percent of the
HIV-uninfected cohort were > 50 years, median 66, IQR(57-74), P < 0.001, had median ALSFRS-R score of 44
(IQR 42-45) and 93% died within 5 years of their illness.

Conclusion: HIV-infected MNS patients were younger, had more severe disease at presentation and survived

longer if treated with ART with possible reversal of the disease process, compared to patients with MND.

1. Introduction and background

Several human immunodeficiency virus (HIV) associated neuro-
muscular syndromes have been described' namely symmetrical poly-
neuropathies [1], inflammatory demyelinating polyneuropathies [2],
inflammatory myopathies [3], neuromuscular junction disorders such
as myasthenia gravis [4] and pure motor syndromes such as motor
neuron syndrome (MNS) and ventral root radiculopathies (VRR) [5,6].

In HIV-uninfected patients, motor neuron disease (MND) is a pro-
gressive neurodegenerative disease with mortality exceeding 90%
within 5years [6]. The clinical presentation of MND is diverse and
includes amyotrophic lateral sclerosis (ALS), primary lateral sclerosis
(PLS), progressive bulbar palsy (PBP) and progressive muscular atrophy
(PMA) [7]. Various genetic mutations have been described in sporadic
and familial MND which include C9orf72, TARDBK, SOD1, TBK1, NEK1
[8,9]. MND may be an oligogenic disease and in addition to “causative”
genes various “other genes” have been reported to modify the pheno-
type [9,10]. Environmental factors such as insecticides, mechanical
trauma, smoking, viruses and epigenetic factors may have a role in the
pathogenesis of MND [9,10]. Viruses including the human endogenous
retrovirus type-K (HERV-K) and other retroviruses have been im-
plicated in MND [11-17].

MNS is an uncommon neurological complication of HIV-infection

limited to a few reported cases [18-21]. Studies have implied that
HERV-K may have an important pathogenetic association in both HIV-
infected MNS and MND [11-22]. Therefore combined genetic and
epidemiological studies are required to better understand the viral or
immune basis of HIV-infected MNS. The combination of environmental
and epigenetic factors may be pivotal in the development of MND. In
this article, we describe and compare the outcomes of 35 HIV-infected
patients with MNS and 101 HIV-uninfected patients with MND.

2. Methods

This study is a retrospective chart review, using ICD-10 codes for
MND/S from 2003 to 2017. The study was carried out at the
Department of Neurology, Inkosi Albert Luthuli Central Hospital
(IALCH), Durban, South Africa.

2.1. Standard protocol approvals

Ethical approval was obtained from the Biomedical Research Ethics
Committee at the University of KwaZulu-Natal (KZN), ethics number
BE272/15. Although not required, as the study was a retrospective
chart review, telephonic consent was obtained from patients who were
alive.
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Inclusion criteria were patients with pure motor syndromes with
known HIV status, who fulfilled clinical and electrophysiological EL
Escorial criteria for motor neuron disease, and included those who had
a progressive pure LMN presentation not attributable to any other ae-
tiologies and therefore most likely represented PMA [23].

Exclusion criteria were unknown HIV status, pure motor neuro-
pathies attributable to other aetiologies such as multifocal motor neu-
ropathy with conduction blocks, spinal muscular atrophy, infective or
inflammatory conditions such as viral infections (HTLV1, HSV, CMV,
enteroviruses, and echo viruses), tuberculosis, syphilis, malignancies
(myeloma), paraneoplastic radiculopathies, connective tissue diseases
and endocrine disorders such as insulinoma and hyperparathyroidism.
Patients with HIV-associated VRR were excluded from the study. From
our local experience and according to Benatar et al. HIV associated VRR
may represent a distinct clinical entity [5]. These patients present with
ventral root enhancement on MRI and respond to corticosteroid therapy
making MNS/MND less likely [5].

All patients (MND/S) were screened for the above diseases using
blood tests (including antiganglioside antibodies, paraneoplastic anti-
bodies, insulin levels, parathyroid hormone), CSF (CMV, HSV, HTLV1,
enteroviruses, echoviruses PCR, gene expert for TB, FTA), genetic
testing for spinal muscular atrophy where clinically indicated, elec-
trophysiological tests and appropriate radiological investigations. The
above blood, CSF, electrophysiological and radiological investigations
are standard of care routine investigations done on all patients with
suspected MND/S and not done for research purposes only. This is
because our neurology unit has a high burden of HIV and CNS tu-
berculosis. Therefore exclusion of infective and inflammatory disorders
as mimics of MND is imperative.

Electrophysiological tests included nerve conduction studies of all
four limbs and EMGs of at least three of the following regions that is;
lumbar-sacral, thoracic, cervical and bulbar. All HIV-infected patients
had contrast administered during MRI spine and brain to exclude in-
fective/inflammatory lesions. HIV-uninfected patients had un-con-
trasted MRI imaging of the brain and spine. Contrast was administered
at the discretion of the radiologist if any suspicious lesion was identi-
fied.

Information was extracted from patient records and longitudinal
information was obtained by contacting surviving patients or their re-
latives. Information extracted included demographic features, onset,
duration and progression of disease, medical co-morbidities clinical
features regarding limb weakness, fasciculations, bulbar symptoms,
sensory symptoms, ALSFRS-R scores [24] at diagnosis and 6 monthly
intervals up to 18 months (or longer if available), CD4 counts, HIV viral
loads, CSF, blood results, MRI and response to therapy, which included
antiretroviral therapy (ART) or corticosteroids.

HIV-infected patients with MNS were compared to HIV-uninfected
patients with MND for differences in demographic data, onset and
progression of disease, CSF findings, electrophysiological and radi-
ological findings and response to therapy (ART or corticosteroids).

The primary aim of the study was to determine if there is a differ-
ence in survival outcomes between HIV-infected MNS patients and HIV-
uninfected MND patients and to determine the effect of ART on disease
progression in the MNS category. This was done by assessing rate of
disease progression at six-monthly intervals up to 18 months using the
ALSFRS-R scores and correlating these scores with CD4 counts and viral
loads. Secondary aims included demographic, clinical, radiological and
CSF differences between the two categories.

3. Data availability

Anonymized data will be shared by request from any qualified in-
vestigator.
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3.1. Statistical analysis

Data was entered in Microsoft Excel and analysed using Prism
Software. Descriptive statistics such as percentages, inter-quartile
ranges (IQR), medians and P-values were used to summarise the results
in the HIV-infected and HIV-uninfected categories. A subgroup analysis
was also performed among black patients with MND and MNS. Tests
used to calculate the above included: Fisher Exact Test for categorical
variables, Mann Whitney U Test for continuous variables, Spearman
Test for correlation between CD4 counts, HIV viral loads and functional
scores. A P-value of < 0.05 was regarded as being significant.

Indirect standardization was used to compare the study population
to the KwaZulu-Natal population, adjusted for differing age distribu-
tions and race in the HIV-infected and HIV-uninfected population. The
age and race specific MND/S prevalence rates/100000 were estimated
from the mid-year population of KwaZulu Natal 2017 [25-27]. A
standardized mortality ratio (SMR) was calculated from the sum of
expected number of deaths in each stratum using the total KZN popu-
lation. The Kaplan Meier curve expressed survival in both categories up
to 120 months.

4. Results
4.1. Demographic features

One hundred and fifty two patient charts were reviewed. In the HIV-
infected category, one patient had HTLV1 infection, two had genetically
proven spinal muscular atrophy (SMA) and 11 patients had steroid
responsive VRR. In the HIV-uninfected category, one patient had ge-
netically proven spinal muscular atrophy and one patient had multi-
focal motor neuropathy with conduction blocks with positive anti GM1
antibodies. These 16 patients were excluded from the study (Fig. 1).

One hundred and thirty six patients were diagnosed with MNS/D;
101 (76%) were HIV- uninfected MND and 35 (26%) were HIV-infected
MNS. (Table 1). The median age in the HIV un-infected category was 66
(IQR 57-74) and in the HIV-infected category 41 (IQR 33-45). Thirty
three (94%) of the HIV-infected patients were < 50 years of age
whereas 91 (91%) of the HIV-uninfected patients were over 50 years at
the time of presentation. Racial categories in the HIV-infected category
included 33 (94%) Black African, 1(3%) White and 1(3%) Indian,
whereas in the HIV-uninfected category 39 (39%) were Black African,
21(21%) White and 41(41%) Indian. This equates to MND race adjusted
prevalence rates/100000 in KZN of 0.44 among Black Africans, 4.1
among Indians and 4.4 among Whites. The MNS race adjusted pre-
valence rates/100000 in KZN were 2.4, 10 and 40 for Black Africans,
Indians and Whites respectively [25,26]. Age standardization in the
MNS category showed highest prevalence rates/100000 between the
age groups 40-44 years, 45-49 years which was 2.8 and 3.77 respec-
tively whereas in the MND category the age adjusted prevalence rates/
100000 over the age of 65 yrs. ranged from 8 to 12 [25,26,28]. Similar
age categories were compared for the Black African sub-analysis only.
See Table 3.Comparisons between the other 2 race groups were not
done as numbers were too small for any valuable comparison.

4.2. Clinical presentation

All patients in this study had sporadic MND. The median time from
onset of motor symptoms to presentation was 15 months in the MND
group and five months in the MNS group. In 10 HIV-infected patients,
MNS was the presenting illness of HIV. Seventeen (49%) of the HIV-
infected category presented with a combination of quadriparesis and
bulbar-respiratory symptoms compared to 18 (18%) of the HIV-unin-
fected category. This correlated with the lower median ALSFRS-R score
(median 28) in the HIV-infected category compared to HIV-uninfected
category (median 44). Twenty seven patients (78%) in the HIV-infected
category presented with ALS, 8(22%) with progressive bulbar palsy,
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800 patient files were assessed

152 pure motor syndromes

103 HIV-uninfected 49 HIV-infected

pure motor syndromes

2 excluded
(1 SMA, 1 MMNCB)

101 HIV-unintected

MND MNS

and 0(0%) with PLS or PMA. In the HIV-uninfected category 52 patients
(52%) presented with ALS, 36 (36%) with PBP, 23(23%) with PMA.
Nineteen (55%) of HIV-infected MNS had symmetrical signs at onset,
and 16(16%) in the MND category.

4.3. Electrophysiology

The electrophysiological findings are summarised in Table 2 (Online
supplementary data). All patients had preserved sensory nerve action
potentials (SNAPS). Fifteen (15%) of HIV-uninfected patients and
eleven (32%) of HIV- infected patients had sural sensory amplitudes
50%-75% below the lower limit of normal, adjusted for age normative
values. Seventy five percent (76/101) of HIV-uninfected patients and
100% (35/35) of HIV-infected patients had fasciculations on EMG.
Thirty nine (89%) HIV-infected patients had thoracic para-spinal de-
nervation and 29(82%) had tongue fasciculations.

4.4. Radiology

Brain MRI imaging changes included Wallerian degeneration in
48% (48/101) of the HIV-uninfected category and 57% (20/35) of the
HIV-infected category. (Fig. 2, image 1, Table 1). None of the MNS
patients had root enhancement on MRI spine or signal change on MRI
brain or spine to support a vacuolar myelopathy or HIV associated
dementia.

4.5. CSF

CSF lymphocyte counts and protein levels were elevated in the HIV-
infected category (P < .001). CSF was normal in the HIV-uninfected
patients (Table 1).

4.6. Survival outcome

The Kaplan-Meier curve (Fig. 3) demonstrates survival in both ca-
tegories of patients where longitudinal data was available. This in-
cluded 65% (26/35) in the HIV-infected population and 85% (86/101)
in the HIV-uninfected population. Rapid mortality occurred in both
groups within 12 months; 35% (8/26) in the HIV-infected category and
20% (12/86) in the HIV-uninfected category. Thereafter HIV-unin-
fected patients continued to die, with the majority of deaths occurring
within 5years and three patients with progressive muscle atrophy
survived beyond 10 years.

In the HIV-infected category, if patients survived beyond 12 months,
the likelihood of long-term survival is higher compared to the HIV-
uninfected category. Seventeen of the ART treated HIV-infected MND

35 HIV-infected
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Fig. 1. Consort diagram describing data analysis.
HIV = Human Immunodeficiency Virus, SMA = Spinal
Muscular atrophy, MMNCB = Multifocal motor neuropathy
with conduction blocks, HTLV1 = Human T cell lymphocytic
virus type 1, VRR = Ventral Root radiculopathy,
MND = Motor Neuron Disease, MNS = Motor Neuron
Syndrome.

pure motor syndromes

14 excluded
(2 SMA, 1 HTLV1
infection, 11 VRR)
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patients survived > 10 years. HIV-uninfected patients are more likely to
die of MND than the ART treated HIV-infected patients (96% vs 39%,
P < .001, OR 37.5, 95% CI: 10.7-131.5). However there is also a
shorter time to death in the HIV-infected category especially in the first
12 months when patients are ART naive or suffer immune reconstitu-
tion inflammatory syndrome (median time 8 months; IQR 8-10) com-
pared to the HIV-uninfected category (median time 18 months; IQR
12-26). The standardized mortality ratio was 0.54 (95% CI 0.43-0.65),
which implies that mortality is 50% lower in the HIV-infected category
compared to the HIV-uninfected category which was statistically sig-
nificant.

The cause of death in 83% (15/18) of the HIV-infected category was
due to MNS, 17% (3/18) were unknown or unrelated. One HIV-infected
patient died of an aspiration pneumonia despite immune reconstitution.
In the HIV-uninfected category 81% (80/101) of deaths were due to
MND and 19% (21/101) were unrelated or unknown.

4.7. Relationship between CD4 count, viral load and functional scores

Fig. 4 shows a relationship between CD4 counts, HIV viral loads and
ALSFRS-R scores respectively. This graph suggests that there may be a
correlation between immune reconstitution and functional recovery.
The above may imply a viral or immunological pathogenesis given the
benefit of ART. All HIV-infected patients were initially ART naive and
commenced on ARTs (regimen la: Stavudine, lamivudine, efavirenz)
after the diagnosis of MNS. This resulted in immune reconstitution
(rising CD4 counts and decreasing viral loads), which correlated with
clinical recovery reflected by increasing ALSFRS- R score in all except
one HIV-infected patient. Five patients (14%) were treated with IVI
methylprednisone at a dose of 1 g daily IVI with no clinical response.

4.8. Significant demographic, clinical, electrophysiological and CSF
differences between Black African patients with MND and MNS

Table 3 shows a subgroup analysis between Black African patients
with MND and MNS. Significant differences are that Black African pa-
tients with MNS are younger (median age of 41, IQR 33-44), present
earlier (median 5months, IQR,2-6), have more severe disease and
lower ALSFRS-R scores (median of 26,IQR 24-28) compared to Black
African patients with MND who are older (median age 63, IQR 54-74),
present later (median of 22 months IQR 12-25),and have less severe
disease (median ALSFRS-R Score 43, IQR 41-44). MNS patients were
more likely to present with symmetrical signs and a combination of
quadriparesis and respiratory-bulbar symptoms. A greater number of
Black African MNS patients had fasciculations, thoracic paraspinal de-
nervation and tongue fasiculations compared to Black African MND
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Table 1
Demographic, clinical, radiological and laboratory findings of HIV-infected
MNS and HIV-uninfected MND.

Demographic features HIV- uninfected HIV-infected P Value
N =101 N=35
N (%) N (%)
Age < 0.001
Median(IQR) 66 (57-74) 41 (33-45)
< 50yrs 99 33 (94)
50-64 yrs 39 (39) 2 (6)
65-90 yrs 53 (52) 0 (0)
Sex 0.3
Males 41 (41) 18 (51)
Race < 0.001
Black African 39 (39)/0.44" 33 (94)/2.4°
White 21 (21)/4.4° 1 (3)/40°
Indian 41 (41)/4.1% 1(3)/10%
Medical comorbidities
T2 Diabetes Mellitus 22 (22) 0 (0) < 0.001
Hypertension 15 (15) 2 (6) < 0.001
Median time from onset of 15 (6-24) 5(3-9) < 0.001
disease to presentation
(months)
Clinical Presentation at
diagnosis
Quadriparesis only 34 (34) 12 (34
Paraparesis only 3(3) 103
Upper limb weakness only 16 (16) 2 (6)
Bulbar only 18 (18) 2 (6)
Respiratory only 0 (0) 13
Monoparesis only 12 (12) 0 (0)
Combination of the above 18 (18) 17 (49)
Symmetry at onset 16 (16) 19 (55) < 0.001
MND subtype
ALS 52 (52) 27 (78) < 0.001
PLS 0 (0) 0 (0)
PBP 36 (36) 8 (22)
PMA 23 (23) 0 (0)
ALSFRS-R Scores at presentation
Median (IQR) 44(42-45) 28(24-30)
Time to death (months)
Median,(IQR) 18 (12-26) 8 (8-10)
Alive (at 10 years) 3(3) 17 (48) < 0.001
Cause of death
Related to MND 80 (81) 15 (83)
Unrelated or unknown 21 (19) 3(17)
ARV naive 101 35
Radiology
MRI brain with Wallerian 48 (48) 20 (57)
degeneration
CSF Results
Protein (g/dl) 0.39 (0.32-0.45)  0.68 < 0.001
(0.41-0.92)
Glucose(mmol/L) 4.1 (3.6-4.5) 3.9 (3.4-4.2)
Lymphocyte count (cells/ul) 0 (0-0) 6(2-12) < 0.001
Polymorphocyte count(cells/ 0 (0-0) 0 (0-0)
ul)
ALS = Amyotrophic Lateral Sclerosis, PLS=Primary Lateral Sclerosis,

PBP = Progressive Bulbar Palsy, PMA = Primary Muscular Atrophy.
@ Prevalence rates /100000 in KZN adjusted according to race and HIV
status.
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patients. The CSF also showed higher lymphocyte and protein counts
compared to the black MND subcategory. Sixteen Black African MNS
patients survived with ART and those who did die, died earlier in the
disease if untreated. Even after indirect age standardization between
HIV-infected and HIV-uninfected Black African patients in KZN, MNS
was still more prevalent among younger patients in the MNS category
(1.66,/100000 in age category < 50 yrs) compared to the Black African
MND subgroup where prevalence/100000 was 3.9 in age category 65-
90 yrs. See comparisons for similar age categories in Table 3.

5. Discussion

Despite HIV-infected MNS being regarded as a potentially reversible
motor neuron syndrome of viral or immune mediated origin, both MND
and MNS meet the clinical and electrophysiological revised EL-Escorial
criteria for MND and were therefore compared in this study. Both MND
and MNS may both potentially have similar reversible aetiopatho-
geneses, with a possible response to ARTs in both categories although
no studies using ART in the HIV-uninfected category has been published
to date. Important differences in the MNS group include the following:
majority were young Black African, greater severity of disease at pre-
sentation, recovery with ART, and reactive CSF.

Younger age and racial predilection may represent an artefact of the
study population as most HIV-infected patients in South Africa are
young Black African [25-27]. Ninety four percent (33/39) of the HIV-
infected MNS and 39% (39/101), of the HIV-uninfected MND patients
were Black African, which equates to prevalence rates among HIV-in-
fected and HIV-uninfected Black Africans in KZN of 2.4/100000 and
0.44/100000 respectively [25,26]. Cosnett et al. reported a prevalence
rate of 0.88/100000 among Black African patients with MND (HIV
status unknown) in 1989 in KZN [29]. The peak age of presentation was
the 4th decade compared to Indian and European patients who pre-
sented two decades later. According to Cosnett, the earlier presentation
among Black African patients, which is consistent with the MNS cohort,
may suggest a genomic difference between the race groups, environ-
mental factor exposure or reflect a referral bias when standardized for
age and race. Cosnett et al., reported high rates of poliovirus and
HTLV1 and mechanical trauma among Black African patients which
maybe a contributing factor.

In the subgroup analysis of black patients only, MNS occurs in
younger black patients, presents earlier and with more aggressive dis-
ease (both clinically and electrophysiologically, Table 3) compared to
black MND patients, thereby eliminating race as a confounder. This
therefore suggests that HIV infection maybe a key factor in the aetio-
pathogenesis of MNS and not genomic differences between race groups.

Conclusions regarding racial differences in the other race groups
would be unreliable given the small number of Indian and European
patients who were HIV-infected. However after age standardization and
adjustment for race the study shows that MND is still more prevalent in
elderly Europeans ranging from 8 to 12/100000 compared to pre-
valence rates of 3.9/100000 among black MND patients between age
groups 65-90 years. In the MNS category when adjusted for age, the
disease is still more prevalent in the 3rd and 4th decade and equates to
prevalence rates of 1.66,/100000 in black patients < 50 years of age.

Comparisons with other studies from Sub-Saharan Africa was not

Table 2
NCS and EMG findings in HIV-infected MNS and HIV-uninfected (For supplementary file, online publication).
HIV-uninfected n = 101(%) HIV-infected N = 35(%) P value
Normal SNAPS in all 4 limbs 86 (85) 24 (68)
Reduced SNAPs in LL (50%-75% expected value) 15 (15) 11 (32)
Reduced CMAP (< 50% expected value) 90 (89) 35 (100)
Fasiculations 76 (75) 35 (100)
Thoracic paraspinal denervation 64 (63) 31 (89) < 0.05
Tongue Fasiculations 51 (50) 29 (82) < 0.001
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Fig. 2. Radiological features of HIV-infected patients MND (image 1) (Supplementary online publication) Image 1: MRI (T2 Flair) of Wallerian degeneration (arrows)

in HIV-infected patient with MND.
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Fig. 3. Kaplan —Meier survival estimates in the HIV-infected and HIV-unin-
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—&— Median CD4 count

—=— Median HIV Viral Load

Median ALSFRS-R Score

70 45
60 " | a0
/ - 35
50 =
F 30
| 55 VL=copies/ml
CD4 counts / (log transformed)
(cells/ul X 10) 30 - 20 and
. L 15 ALSFRS-R
20 ———— Scores
- - 10
10 ——= 15
0 T T T 0
0 5 10 15 20

Time in months

Fig. 4. Relationship between HIV viral Loads, CD4 counts and ALS FRS-R
Scores over time.

possible as the results are highly variable and reliability regarding the
diagnosis is questionable [30]. However the general consensus was that
African patients with MND present earlier than Europeans and progress
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Table 3

Significant (P < 0.001) demographic, clinical, electrophysiological and CSF

c

differences between Black African patients with MND and MNS.

HIV-infected MNS

HIV-uninfected

(N =33) MND (N = 39)
N (%) N (%)
Age
Median (IQR) 41 (33-44) 63 (54-74)
< 50yrs 31 (84%)"1.66 6 (15%)" 0.36
50-64 yrs 2 (12%)70.89 15 (38%)"1.94
65-90 yrs 0 (0%)" 0 18 (46%)"3.9
Sex
Male 18 (31) 21 (54)
Median time from onset of disease
to presentation (months)
Months (IQR) 5 (2-6) 22 (12-25)
Clinical presentation at diagnosis
Quadriparesis + respiratory 16 (67) 8 (33)
bulbar symptoms
ALS scores at presentation
Median (IQR) 26 (24-28) 43 (41-44)
Symmetry at onset 11 (33) 4 (10)
Medical comorbidities
T2 diabetes mellitus 1(3) 7 (18%)
Hypertension 103 5 (13%)
Electrophysiology
Fasiculations 33 (100) 23 (58)
Thoracic paraspinal denervation 30 (91) 20 (51)
Tongue fasiculations 27 (81) 10 (25)
CSF
Lymphocytes (cells/ul) 8 (4-12) 0 (0-0)
Polymorphs (cells/ul) 0 (0-2) 0 (0-0)
Protein (g/dl) 0.78 (0.4-0.9) 0.38 (0.3-0.4)
Glucose (mmol/L) 3.9 (3.4-4.2) 4.1 (3.7-4.8)
Time to death (months)
Median (IQR) 8 (6-11) 20 (22-28)
Alive at 10 yrs 16 (49) 0 (0)
Cause of death
Related to MND/S 15 (45) 28 (71)
Unrelated or unknown 2 (6) 11 (28)

Other categories with PV > 0.05 not in the table include: Gender, Subtypes of
MND and Radiology.
@ Prevalence rates/100000 in KZN adjusted according to race and HIV status.

more rapidly which may be explained by concomitant viral infections
or genetic factors [30]. The age adjusted prevalence rates/100000 for
MND and MNS in KZN was 3 and 1.64 respectively which is compatible
with rates in prospective studies in other parts of the world [25,26,31].
Note that this differs from the age-adjusted results as this prevalence
refers to the entire cohort as opposed to the five-year age segments. The
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race adjusted prevalence rates for the Black African patients with MND
in KZN was lower (0.44/100000) which is also consistent with the
belief that MND is uncommon among Black African Africans [31].
However when adjusting for age the prevalence rates of MND among
black Africans increases to 3.9/100000 in the age category 65-90 yrs.
The higher prevalence rates of 1.66/100000 among Black Africans in
the MNS group in age < 50 yrs. compared to 0.36/100000 in the same
age category in the black African MND group, supports the hypothesis
that HIV-infection is a confounder (Table 3).

Greater disease severity at presentation is suggested by lower
ALSFRS-R score, greater symmetry of signs at presentation, and greater
denervation on EMG, which included the thoracic paraspinal and the
tongue muscles. This “advanced stage of ALS” is consistent with the
findings reported by Cosnett et al. among Black African patients who
presented with advanced ALS rather than the benign variety. Many
patients in this cohort may have had co-existent HIV-infection or HERV-
K infection. Immunodeficiency, genetic factors and possibly higher CSF
HERV-K viral loads may contribute to faster progression of disease in
the MNS category. One may also postulate that HIV promotes the ex-
pression of HERV-K. There have been no studies to correlate CSF HERV-
K viral loads with clinical manifestation.

Functional recovery corresponded with immune reconstitution after
ART therapy in the MNS category of patients. If patients survived >
12 months after ART, they had reversal of disease with time. Seventeen
patients survived longer than 10 years after ART in the MNS category.
Reasons for longer survival comparing those that demised versus those
that survived in the MNS category include early presentation, less dis-
ability at presentation, early commencement of ART and quick immune
reconstitution. A multivariate analysis between the two categories was
not attempted as the numbers were too small to draw reliable conclu-
sions.

The inflammatory CSF changes are compatible with changes that
occur with HIV [32]. As in previous studies, the HIV population had a
significant lymphocytosis and raised CSF protein levels compared with
the HIV-uninfected MND group. This is probably due to HIV CSF viral
replication or may represent replication of other retroviruses not rou-
tinely tested for example HERV-K. More studies are therefore required
to study CSF changes in HIV-infected MNS patients compared with HIV-
infected patients without MNS.

Although HIV-infected MNS and MND are thought to be separate
disease entities, MNS being infective or inflammatory and MND neu-
rodegenerative, both categories of patients have similar clinical pre-
sentation and there is supporting evidence for a retrovirus contribution
to disease in both categories [16,17,22,33,34]. Therefore the MNS ca-
tegory of patients is an important model to investigate the retroviral
postulate in MND. Supporting literature by Westarp et al. suggests that
HIV-uninfected patients with sporadic MND had high circulating im-
mune complexes and antibodies against the human spuma retrovirus
compared to controls. These levels decreased after ART supporting the
contention that sporadic MND maybe retrovirus induced [17,22]. Pre-
vious studies have identified reverse transcriptase in patients with HIV-
uninfected MND at levels comparable to HIV-infected patients further
supporting the above contention [12-14] Post-mortem brain tissue
from a number of patients with ALS had significantly higher expression
of HERV-K compared to controls [34]. Li W et al. also suggested that
HERV- K is activated in a subpopulation of patients with sporadic MND
and that its envelope protein may contribute to neurodegeneration
[16]. The HERV-K virus was present in cortical and spinal neurons of
MND patients but not healthy controls [16,33]. Douville et al. reported
high levels of HERV-K pol transcripts with a specific pattern of ex-
pression including intact open reading frames which where highest in
the cortical motor neurons and not detected in Parkinson's disease or
accidental-death controls. The HERV-K expression strongly correlated
with TDP-43, a multifunctional protein known to be dysregulated in
MND [11,35]. Transgenic mice expressing the envelope protein devel-
oped progressive motor dysfunction accompanied by selective loss of
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volume in the motor cortex [16,33].

Bowen et al. described five HIV positive patients with MNS [20].
Three of these had detectable levels of plasma HERV-K, which became
undetectable with ART therapy and corresponded to clinical recovery.
The remaining two patients showed slow progression of disease. Al-
ternatively, one may consider an immune pathogenesis for MNS as a
result of T-regulatory cell reduction, while ART results in restoration of
T-regulatory cells inducing immune tolerance and promoting recovery
[36]. More recently HERV-K protein has become important targets for
autoimmune disease and malignancy due to complex interactions be-
tween HERV-K and the immune system [37]. Larger prospective studies
are required to better understand the role of HERV-K in MND.

The above viral hypothesis is consistent with the “multistep hy-
pothesis” of MND which states that genetic mutations alone cannot
fully explain MND and that various environmental factors are likely to
trigger molecular steps [9,10]. The identification of reduced number of
steps in patients with genetic mutations compared to those without
mutations strongly supports the idea that MND is a multistep process
and the viral aetiology may provide a clue for uncovering the patho-
genesis of MND [10]. The value of ART in HIV-uninfected MND is un-
certain. However, a pilot trial of ART in early HIV-uninfected MND may
prove illuminating.

Limitations of the study include comparison of two disease entities
with similar clinical manifestation but possibly different aetiopatho-
genesis. However, the possibility that MND may have a viral con-
tribution still exists. Other limitations include retrospective design,
referral and race bias, erroneous coding and the exact aetiology of
death may have not been obtained at follow up in some patients.

6. Conclusion

This study suggests that HIV-infected patients with MNS are more
functionally disabled at presentation and die within the first year if
untreated. ART therapy results in improved functional recovery with
possible reversal of the disease process, which supports a viral or im-
mune pathogenesis. Future prospective studies are required to evaluate
the pathogenesis of HIV-associated MNS. This may extend clues to the
“multi-step” pathogenesis of MND. Lastly active support for patients
with MNS in the long term is warranted as survival and improvement is
possible.
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