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Abstract
Background and purpose  Hereditary spastic paraplegia (HSP) is a group of neurodegenerative diseases divided into pure and 
complex forms, with spasticity in lower limbs only, or associated with other neurologic and non-neurologic manifestations, 
respectively. Although widely reported in other populations, very little data exist in sub-Saharan Africa.
Methods  Patients with neurodegenerative features were evaluated over a 19-month period at the Department of Neurol-
ogy, Teaching Hospital of Point “G”, Bamako, Mali. The diagnosis of HSP was considered based on family history and the 
absence of other known non-genetic causes. Genetic analysis including candidate gene and whole exome sequencing was 
performed and variant pathogenicity was tested using prediction tools and ACMG guidelines.
Results  Of the 170 families with hereditary neurological disorders enrolled, 16 had features consistent with HSP, a frequency 
of 9%. The average age of onset was 14.7 years with 46% starting before age 6. The male/female ratio was 2.6:1. Complex 
forms were seen in 75% of cases, and pure forms in 25%. Pyramidal findings were present in all patients. Associated features 
included mental retardation, peripheral neuropathy, epilepsy, oculomotor impairment and urinary urgency. Most patients 
were treated with a muscle relaxant and physical therapy, and restorative surgery was done in one. Genetic testing identified 
novel variants in three families (19%).
Conclusion  This study confirms the clinical variability of HSPs and adds African data to the current literature.
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AD	� Autosomal dominant
AR	� Autosomal recessive
ALS	� Amyotrophic lateral sclerosis
ACMG	� American College of Medical Genetics and 

Genomics
WES	� Whole Exome Sequencing
SPRS	� Spastic Paraplegia Rating Scale

Introduction

Hereditary spastic paraplegia (HSP) is a neurodegenerative 
disorder with extensive clinical and genetic heterogeneity [1, 
2]. It is caused by degeneration of the corticospinal tracts 
and sometimes the posterior columns of the spinal cord [3]. 
It manifests clinically by spasticity and progressive weak-
ness of the lower limbs [1, 4]. The prevalence is variable 
and depends on the mode of inheritance and the geographic 
area. However, the pooled global average has been estimated 
to be 1.8 per 100,000 [5]. Population-based studies found 
a prevalence of 7.4 per 100,000 in southeast Norway [6] 
and 1.4 per 100,000 in Portugal [7] while the prevalence in 
the district of Sfax in southern Tunisia was found to be at 
least ~ 5.7 per 100,000 [8]. Clinically, HSPs present in two 
types: pure forms that are limited to spasticity in the lower 
limbs and complex forms when other neurological or extra-
neurological manifestations are associated [3]. All modes of 
inheritance have been described [9, 10]; however, recessive 
forms are predominant in North Africa and the Mediterra-
nean region whereas dominant HSPs are more common in 
North American and northern European populations [1, 10]. 
Cases have been most reported in North Africa (Morocco, 
Algeria, Tunisia, Egypt and Soudan) [11–15] but reports 
in the sub-Saharan African population are rare. In Mali, 
before this study, only one genetically confirmed family 
was reported [16]. We report here the clinical features of a 
cohort of 25 patients from 16 families with different types 
of HSP, for some of which the genetic diagnosis was avail-
able [17–19].

Methods

The study was approved by the Ethics Committees of Fac-
ulty of Medicine and Dentistry (Faculté de Médecine et 
d’Odonto-Stomatologie, Bamako, Mali). This was a longi-
tudinal and descriptive study that took place over a period 
of 19 months (March 2014–September 2015) in the Depart-
ment of Neurology of the Teaching Hospital of Point “G”, 
Bamako, Mali. Patients were recruited among our neuroge-
netics clinic cohort or were referred by neurologists work-
ing in other hospitals. All patients, available relatives, and 
guardians of minors and mentally disabled gave written 

consent before participating in this study. Patients with pro-
gressive spastic paraplegia and a family history and sporadic 
cases in which no other cause was found, were included in 
this study. All available unaffected family members were 
enrolled as controls for disease segregation. Patients were 
classified based on previously diagnostic criteria [4, 20, 
21] as follow: (1) pure form spastic paraplegia, (2) spastic 
tetraparesis with earlier and greater severity in the lower 
limbs, or (3) spastic paraplegia as an early prominent sign 
(within the first 3 years of the disease) of a degenerative 
disease affecting several parts of the nervous system and 
(4) other causes of the presenting symptoms excluded. Pure 
HSP was determined with the presence in lower limbs of 
hyperreflexia, clonus, and plantar extensor response with or 
without weakness and urinary incontinence. Complex HSP 
was diagnosed when additional neurological (peripheral 
neuropathies, cerebellar ataxia features, cognitive decline, 
seizures, extra-pyramidal signs) or non-neurological (visual 
and hearing impairment) symptoms were involved. Socio-
demographic data (gender, age at examination and at onset, 
ethnicity, region or country of origin, and profession), fam-
ily history and disease features (walking problems, spastic-
ity in lower limbs, progressive weakness, feet deformities, 
bladder urgency etc.) were collected from all participants. 
A pedigree was drawn for each family to explore the pat-
terns of inheritance. Dominant (AD, X-linked) inheritance 
was determined when HSP is reported in more than one 
generation (the affected individual has one of the parents 
symptomatic). Families where the HSP trait skips a genera-
tion with several affected in one generation and where both 
parents were asymptomatic were determined as recessive 
(AR, X-linked). Single cases, with no family history with no 
other cause found were classified as sporadic HSP.

An extensive neurological examination was done to 
confirm the spastic paraplegia phenotype, and based on 
the clinical diagnosis, laboratory testing was done. Human 
T-cell leukemia virus type 1 (HTLV-1) and HIV serologies, 
vitamin B-12 levels, brain and spinal cord imaging includ-
ing magnetic resonance imaging (MRI), CT-scan and X-rays 
were done where possible to consolidate the diagnosis or to 
exclude non-genetic causes. The HTLV-1 testing was done 
in a private laboratory in France for serology and at the 
National Institutes of Health for the PCR. In some cases, 
specific neurological evaluations such as electroencepha-
lography (EEG) and nerve conduction studies (NCS) were 
done to confirm epilepsy when patients presented an active 
seizures and peripheral nerve involvement when abnormal 
distal motor and sensory examination was found, respec-
tively. For further phenotypic characterization, other organ 
systems were assessed by specialists including ophthal-
mologists for patients with uncoordinated eyes movement 
or visual impairment, otorhinolaryngologists when hearing 
impairment or problems with swallowing were seen, and 
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cardiologists for suspected heart abnormalities. Patients with 
a family history of another neurological or non-neurological 
disease, brain and spinal cord tumors and injuries, infectious 
and inflammatory damage in central nervous system and 
lower limb dysfunction due to other diseases were excluded. 
The selection process is summarized in Fig. 1.

DNA was extracted from peripheral blood in all avail-
able family members for genetic analysis. Candidate genes 
including ALS2, ERLIN2 were sequenced in our laborato-
ries and spastic paraplegia Next-Generation DNA sequenc-
ing gene panel (58 genes, SPG4 deletion, and mtDNA) was 
ordered from a CLIA-certified laboratory (Medical Neuro-
genetics, Atlanta, GA) in 10 index patients. The Illumina 
platform Hiseq 1500 was used with Agilent SureSelect cap-
ture reagent with an estimated 99.9% coverage of the regions 
of interest. Variants identified were classified according 
to American College of Medical Genetics and Genomics 
(ACMG) recommendations [22]. DNA from available fam-
ily members was sequenced for segregation analysis. Whole 
exome sequencing (WES) was done in families negative 
for targeted genetic testing and homozygous mapping was 
completed in selected families with suspected autosomal 
recessive inheritance patterns. In a suspected familial ALS, 
C9ORF72 repeat expansion testing was performed through 
GeneDx (Gaithersburg, MD).

Symptomatic treatment was offered to all patients. This 
included centrally acting muscle relaxants, physical therapy, 

and restorative surgery as needed. A 6-month follow-up was 
done to assess the disease progression using some items 
from the previously described Spastic Paraplegia Rating 
Scale (SPRS), including spasticity, weakness, contractures, 
bladder urgency and other symptoms [22].

Results

Socio‑demographic profile of patients

Over the period of study, 170 families with suspected heredi-
tary conditions were enrolled in our research protocol. A 
total of 21 families were seen in clinic for progressive spastic 
paraplegia features. Sixteen families met the enrollment cri-
teria for HSP, making HSPs the third most common heredi-
tary neurological disorder in our cohort with a frequency 
of 9%. All participants were from Mali, except one Fulani 
family originating from Guinea, a neighboring country with 
similar ethnic distribution. Male patients were predominant 
with a sex ratio of 2.6:1. The mean age at first visit was 
25.8 years, ranging from 1 to 68 years, and two equal peaks 
were seen in the age ranges (1–10 and 11–20 years) with 
6 cases each. Over eight Malian ethnic groups were repre-
sented in this study. More than a third of the families were 
from the Bambara ethnic group (38%). The other ethnic 
groups with more than one family were Fulani, Soninkés 

Fig. 1   Summary of HSPs families selection process filtering. Diagram of the selection process of the 16 HSP families (Green shade) (Color fig-
ure online)
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and Sénoufo, which were represented by two families each. 
Table 1 summarizes the patients’ epidemiological data.

Clinical findings

Of the 21 families seen for suspected HSP, five families were 
excluded based on laboratory testing detailed below. The 
remaining 16 families totaling 25 patients met the enroll-
ment criteria for HSP. The mean age of onset was 14.7 years 
ranging from 6 months to 52 years, and the disease started 

before 6 years old in 10 patients (42%). Figure 2 represents 
the age of onset.

The clinical presentations varied widely within some 
families, with index patients having severe motor impair-
ment while some older affected siblings reported no symp-
toms before examination. All index patients had walking 
difficulty, ranging from stiffness in gait to inability to walk. 
One participant had no medical complaints was found to 
be affected during neurological examination when he was 
being enrolled as a control for his son’s disease investigation. 
Similarly, affected relatives were reported in seven families. 
A recessive pattern of inheritance was suggested in eight 
families in which consanguinity was reported (50%) and 
dominant inheritance in three families (19%). Figure 3A, 
B shows pedigrees for two families in this study: Family #1 
shows consanguinity between parents with probable auto-
somal recessive inheritance pattern and Family #2 shows 
dominant inheritance.

In 31% of cases, the disease pattern was considered spo-
radic because there was no known consanguinity and no 
other similar cases in the family.

Neurological examination showed pure spastic paraplegia 
in four patients from four families who presented with a 
pyramidal syndrome consisting of spasticity, brisk reflexes, 
and plantar extension response, and 21 patients from 12 
families had additional neurological and non-neurological 

Table 1   Socio-demographic profile of 25 HSPs patients enrolled in 
this study

Epidemiological data Affected, n (%)

All patients 25
Age at time of review (year)
 1–10 6 (24%)
 11–20 6 (24%)
 21–30 4 (16%)
 31–40 3 (12%)
 41–50 3 (12%)
 > 50 3 (12%)

Mean and ranging age at time of review
 25.8 years [1–68 year] 25

Mean and ranging age at onset
 14.7 years [6 months–52 year] 25

Gender
 Sex, Male 18 (72%)
 Sex, Female 7 (28%)

Parental consanguinity links
 Yes 14 (56%)
 No 11 (44%)

Families, n (%)
All families 16
Ethnic groups
 Bambara 6 (38%)
 Fulani 2(13%)
 Soninkés 2(13%)
 Sénoufo 2(13%)
 Dogon 1(6%)
 Mianka 1(6%)
 Souraïh 1(6%)
 Kassounké 1(6%)

Country of origin
 Mali 15
 Guinea 1

Mode of inheritance
 Recessive 8 (50%)
 Dominant 3 (19%)
 Not established 5 (31%)

Fig. 2   Patients age at onset of the disease (year). Distribution of 
patients according to the age at symptom onset are indicated by sym-
bols for each group
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manifestations consistent with complex spastic paraplegia. 
A mild to moderate motor deficit was found in 13 of our 
patients (52%). Four patients from two families reported 
bladder urgency. Skeletal deformities including pes cavus, 
scoliosis, and wrist, elbow and knee contractures were 
seen in 13 patients (52%) from seven families. Ten of these 
patients with skeletal deformities had early age onset of dis-
ease (< 6 years). Images of foot deformities and curvature of 
the spine (scoliosis) from two patients are shown in Fig. 3C, 
D from patient#1 and patient#2 in Fig. 3E.

Cognitive impairment was first common neurologi-
cal phenotype present in eight patients (32%) from four 
families. Five of these patients lost their speech progres-
sively, and three presented later with psychiatric symp-
toms including aggressiveness, delirium, and confabula-
tion. Brain MRI showed thinning of the corpus callosum 
and cerebellar atrophy in three of the six patients who had 
this test. Figure 3F shows an MRI scan from one these 
patients. The same pattern was previously reported in two 
of our patients [13, 14]. Peripheral neuropathy was the 

second commonly associated finding, seen in six patients 
(24%) from five families. Nerve conduction studies con-
firmed peripheral nerve involvement in four patients from 
three families consistent with demyelinating and axonal 
sensory motor polyneuropathy. Bulbar symptoms includ-
ing problems with choking on food or liquid, swallow-
ing, and phonation were seen in four patients (16%) from 
two families. These features were often associated with 
peripheral neuropathy as was bilateral sensorineural hear-
ing impairment found in four of them. The fourth com-
monly associated finding was cerebellar ataxia, which was 
seen in three patients (12%) from three families. These 
patients presented with tremor, ataxic gait, and loss of 
coordination. Generalized tonic–clonic epilepsy was seen 
in three patients (12%) from two families. EEG confirmed 
active seizures in two and showed slow waves in the third. 
One patient had extra-pyramidal features (rigidity in the 
arms). Ophthalmological examination was otherwise nor-
mal in the proband from a family with oculomotor impair-
ment (strabismus). The clinical findings are summarized 
in Table 2.

Fig. 3   Phenotypic features of some families/patients. Pedigree of 
a family showing A consanguinity between unaffected parents with 
autosomal recessive (Family#1) and B dominant or maternal inherit-
ance pattern (Family#2). The arrows identify the probands. Ages at 
examination are shown at the top of each symbol, and asterisks (*) 
identify those seen in clinic. Photographs of skeletal deformities 
from two patients. Patient#1 (7-year-old girl, V.4 from family #1) C 

equinus foot deformities and D X-ray imaging showing scoliosis of 
the spine (green bracket). Patient#2 (9-year-old boy) E foot deformi-
ties (“club foot”) before Achille’s tendon lengthening surgery, and 
Patient#3 (25-year-old female) F brain MRI showing thin corpus cal-
losum (white arrow) and cerebellar atrophy (orange arrow) (Color 
figure online)
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Laboratory findings

Vitamin B12 levels were normal in all 16 probands from 
each family. HTLV-1 testing was performed in all patients 
and was positive in three adult patients. These results were 
confirmed by PCR that was highly suggestive of HTLV-1 
infection. Only one mother was available for testing and was 
also positive with lower titer, despite being unaffected. HIV 
testing was negative where done. Spinal CT-scan showed 

a tumor in one patient and evidence of traumatic injury in 
another with a history of failing from a tree on his neck. 
Although these five patients presented with progressive 
spastic paraparesis, they were excluded from our study.

Genetic findings

HSP gene panel testing was done in ten index patients and 
showed pathogenic variants in three families. Two of these 

Table 2   Clinical presentation of the 25 HSPs patients from 16 Malian families

TCC​ Thin corpus Callosum, Het. Heterozygous, Homo. Homozygous, WES (Whole exome sequencing

Findings Affected, n (%)

Patients Families

Spasticity and brisk reflexes 25 16
Extensor plantar response 25 16
Bladder urgency 4 (16%) 2 (13%)
Skeletal deformities 13 (52%) 7 (44%)
Mild to moderate weakness 13 (52%) 9 (56%
Ambulatory 12 (48%) 10 (62%)
Never walked 7 (28%) 2 (13%)
Lost mobility 6 (24%) 6 (37%)
Associated manifestations
 Mental retardation 8 (32%) 4 (25%)
 Peripheral neuropathy 6 (24%) 5 (31%)
 Bulbar symptoms 4 (16%) 2 (13%)
 Cerebellar ataxia 3 (12%) 3 (19%)
 Seizures 3 (12%) 2 (13%)
 Extrapyramidal features 1 (4%) 1 (6%)

Brain MRI and laboratory
 TCC + cerebellar atrophy 3 (12%) 3 (19%)
 Normal brain structure 3 (12%) 3 (19%)
 Negative HTLV-1 25 16

Clinical form
 Pure HSP 4 (16%) 4 (25%)
 Complex HSP 21 (84%) 12 (75%)

Genetic testing Index patient per family
 HSP target gene panel testing 10
 Variant identified KIF5A (SPG10), Het. variant c.1086G > C, p.Lys362Asn [13]

Spactascin (SPG11), Hom. c.4636-297_4743 + 304del [14]
FA2H (SPG35), Hom. variant, c.786 + 1G > A [15]

 Ongoing (WES) 13 (40%) 13 (62%)
Therapeutic approach
 Muscle relaxant 10 (40%) 8 (50%)
 Physical therapy 9 (36%) 5(31%)
 Achille tendon surgery 1(4%) 1(6%)

Evolution in 1 year period
 Slow disease progression 25 16
 Muscle atrophies in limbs 11 (42%) 9 (56%)
 Bedsores 8 (32%) 4 (25%)
 Anti-epileptic drugs dependance 2 (8%) 2 (13%)
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variants were novel and were located in KIF5A causing 
SPG10 (a heterozygous variant c.1086G > C, p.Lys362Asn), 
and the spatacsin gene causing SPG11 (a homozygous variant 
c.4636-297_4743 + 304del), and one was previously reported 
FA2H causing SPG35 (a homozygous variant c.786 + 1G > A) 
[17–19]. All the three variants segregated with the disease 
within the families. In addition, C9ORF72 repeat expansion 
testing was negative in one patient with suspected familial 
ALS. Further genetic testing including whole exome sequenc-
ing (WES) is ongoing for all the remaining families.

In annex socio-demographic, clinical and genetic data 
details of the families and patients enrolled in this study in 
Table 3.

Therapeutic approaches and evolution

Ten ambulant adults and children age of 12 years or older 
patients were offered a muscle relaxant (baclofen) to reduce 
muscle spasms, with a low starting dose of 5 mg (mg) three 
times a day to minimize side effects. Then, the daily dosage 
was progressively increased until the desired response was 
reached, however, a maximum daily dosage of 80 mg (20 mg, 
four times a day) was not exceeded for adults and 40–60 mg 
for children older than 12 years old. Physical therapy (PT) 
was done three times a week in nine of 25 patients to improve 
their motility. Ambulatory patients reported an improvement in 
stiffness and walking, and those who were wheelchair-bound 
had a reduction in joint contractures and improved mobility. 
However, no major improvement was objectively observed 
during the follow-up check-ups. One patient had Achille’s 
tendon elongation, which has resulted in nearly normal walk-
ing. The disease progression was slow in all patients. However, 
spasticity and involuntary spasms persisted in all the patients 
despite the treatment, and a few months later the patient who 
underwent surgery had decreased ambulation with or without 
ankle–foot orthoses. Eleven ambulatory patients presented 
slight weakness and muscle atrophies in limbs after a year of 
follow-up. Overall, patients’ symptoms were gradually get-
ting worse overtime and bedsores were seen in eight out of 13 
patients who never walked or lost mobility. The four patients 
who had urinary incontinence worsened. Seizures episodes 
became more frequent in one patient, from about one every six 
months to one a month and the two other patients with active 
seizures developed dependance in anti-epileptic drugs. Two 
patients seen in our clinic died, a female from unknown cause 
and a male from acute nephrotic syndrome.

Discussion

HSPs are heterogeneous neurodegenerative disorders that 
have been clinically well characterized in other popula-
tions, including Europe, Asia, and North America [1, 10, 

23]. Cases have also been reported in North Africa [11–15]. 
Although reports in sub-Saharan Africa are rare, novel clin-
ical and genetic entities have been identified, particularly 
in West Africa [16]. The rarity of reported HSP cases in 
this region may be due to the predominance of other causes 
including infections and traumatic spine injury that over-
shadow genetic causes and the limited resources that prevent 
a thorough evaluation of suspected HSP cases. In many sub-
Saharan African countries, there is limited access to MRI 
and CT-scans. For example, during our study, only one MRI 
and eight CT-scan machines were available, and all were 
in the capital city. In addition, testing for other causes of 
spasticity and rigidity such as HTLV-1 and Wilson’s dis-
ease are not available locally. The HTLV-1 testing reported 
here was done in a private laboratory in France for serology 
and at the National Institutes of Health for the PCR. Lastly, 
the expertise and infrastructure to establish the molecular 
basis of these diseases is scarce. Few laboratories in North 
and South Africa offer genetic testing, and generally on a 
research basis, limiting the number of patients who have 
access to it. In additional to these difficulties, access for 
patients from rural zone to the capital city where is located 
the study site was another challenge particularly for large 
family with several affected individuals. Exclusion of com-
mon or non-genetic causes of spastic paraplegia is critical 
to consolidate HSP clinical diagnosis. Availability of more 
powerful IRM and CT-scans with higher tesla and equipped 
laboratories may help to rule out acquired causes of spastic 
paraplegia. Hence, implementation of genetic testing facili-
ties in this region of the world could enhance the diagnosis 
of genetic diseases in general and enrich the literature data. 
These challenges are common to almost all African coun-
tries. Therefore, there is no reliable national epidemiologi-
cal data on spastic paraplegia in general and with genetic 
causes in sub-Saharan Africa, in particular. In this study, the 
frequency of HSP is estimated to be about 9% among heredi-
tary neurological disorders (HND) seen in our neurogenet-
ics clinic, and 0.3% all pooled neurological diseases seen 
during the time of the study in the Neurology Department 
of the Teaching Hospital of Point “G”, Bamako, Mali. This 
is like previous reports, where HSP represented the third 
most common HND worldwide [24]. Although autosomal 
dominant cases are more common elsewhere [6], a reces-
sive inheritance pattern was predominant in our study. This 
is likely due to the high consanguinity rate in Mali [25, 26], 
which has been shown to increase the prevalence of reces-
sive diseases in other populations [8].

In HSPs, symptoms can begin at any age, from early 
childhood up to the fourth decade [27]. The mean age at 
disease onset and at first visit in our cohort was 14.7 years 
and 25.8 years, respectively. These ages are lower than 
reported elsewhere [6, 12, 28]. These differences are likely 
due to the high prevalence of recessive cases (50%) that 
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tend start earlier than dominant cases. However, the mode 
of inheritances is based only on family history, which could 
be biased. The longer time between disease onset and the 
first visit is likely due to the fact that most families are seen 
first by a traditional healers known to be more accessible 
and unexpensive. Secondary, the delay may be related to 
the lack of specialists in most of the country. In fact, 95% 
of the neurologists in Mali are operating in the capital city. 
Generalists are more prone to link these diseases to more 
common causes such as cerebral palsy and spine injuries. 
Sporadic cases are common in clinical practice [28, 29], and 
represented 31% in this study. However, this proportion may 
decrease as we establish the molecular basis of the disease in 
these families and additional family members are diagnosed.

Clinically, spasticity and brisk reflexes were present in 
all our patients. These features were shown to be present 
in > 95% HSPs patients in the literature [9]. We report a 
predominance of complex forms, which were found in 21 
patients (84%). This is because complex forms are more 
common in autosomal recessive cases [1], which were more 
prevalent in our cohort. The clinical variability reported in 
the literature [8] was found in this study. In fact, in one fam-
ily (Family #1 in Fig. 3A) with four affected siblings, both 
pure and complex clinical forms were seen. In six patients, 
peripheral neuropathy was part of the clinical presentation. 
Peripheral neuropathy is one of the most common associated 
findings in HSPs. Although the neuropathy was variable in 
six cases, three of them from three different families had 
lower motor neuron involvement. In four patients, bulbar 
symptoms were often associated with peripheral neuropathy 
including problems with choking on food or liquid, swallow-
ing, and phonation.

An overlap of HSPs and Charcot-Marie-Tooth disease 
symptoms is common, and in some cases, only genetic test-
ing may differentiate these diseases. A family (Family #2 in 
Fig. 3B) with dominant HSP features also had peripheral 
neuropathy and bulbar symptoms. SPG panel and C9ORF72 
repeat expansion testing was negative. Although the clinical 
presentation could suggest another form of familial ALS, the 
disease progression was slower in this family than is usually 
reported in ALS. These two families (#1 and #2) highlight 
the intra- and inter-familial clinical variability reported in 
the literature.

The majority of the families were from Bambara ethnic 
group, which could be explain by the fact, Bambara is the 
largest ethnic group in Mali about 33,3% of the Malian pop-
ulation followed by Fulani and Sarakolé according (CIA, 
The World Factbook, April 2022, https://​www.​cia.​gov/​the-​
world-​factb​ook/​count​ries/​mali/).

Mental retardation was another most common associ-
ated symptom in these families. This symptom is primarily 
reported in complex cases [7], which represent the major-
ity in our cohort. Four patients from two families (16%) 

presented with bladder disturbance, which has been reported 
in 40% of cases in the literature [30]. The relative rarity of 
this symptom in our study can be explained by the young 
age of the patients and cultural factors that could limit its 
reporting. The cerebellar involvement seen in some patients 
could suggest spinocerebellar ataxia, however, spastic para-
plegia dominated the clinical picture. This finding has been 
reported in several types of HSPs including SPG11, which 
was present in one of the families studied here [18]. Bilateral 
sensorineural hearing impairment was found in four patients 
(16%) from three families. There is a possibility that this 
was caused by environment factors such as infection or drug 
toxicity (chloroquine), which are frequent in Mali [31]. 
However, this phenotype has also been reported in previous 
studies of HSPs [32, 33]. Other findings including cognitive 
decline and epilepsy were also present in our cohort. All 
three patients who presented with seizures or abnormal EEG 
had cognitive impairment with varying degrees. The two 
patients with active epilepsy had worse cognitive decline 
compared to the one who presented slow background at 
EEG. These features have been reported previously in HSP 
studies [34, 35].

SPG gene panel testing identified a variant in only 30%. 
This could be due the previously reported genetic diversity 
in Africa. The African population may harbor genetic vari-
ants that are not present in these panels. In keeping with 
this, C19orf12, a gene found to mutated in SPG43, which 
was first identified in a Malian family [16], is not included 
in the gene panel used for this study. Therefore, the use 
of such panels in the African population may not be the 
best approach but a necessary as cost and accessibility are 
more important factors than the coverage of mutations in 
this population, and until African data are inserted in those 
panels. All variants reported in this study are classified as 
pathogenic according (ACMG) and were not present in 
SNP databases. Taken all together, using the WES or WGS 
approach should be considered for HSP diagnosis, especially 
for genetically unexplored population.

Many of the patients were not ambulatory. Some never 
walked, and others lost motility at an earlier age than 
reported elsewhere. This may be due to the underlying dis-
ease progression. However, the relative lack of appropri-
ate treatment and follow-up could also explain this rapid 
decline. Although HSP is untreatable, symptomatic treat-
ment and restorative surgery can improve patient function 
[36].

Conclusion

This study helps to establish the epidemiological and clini-
cal spectrum of HSPs in a resource-limited setting. It has 
delineated the clinical heterogeneity of HSPs in Mali and 

https://www.cia.gov/the-world-factbook/countries/mali/
https://www.cia.gov/the-world-factbook/countries/mali/
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confirmed the intrafamilial and inter-familial variability and 
the high frequency of complex forms. Larger cohort studies 
in neighboring sub-Saharan countries could help to confirm 
and extend our findings. With molecular diagnosis becom-
ing less expensive and more accessible, there is a potential 
to identify novel genetic entities that may then be studied in 
other populations.
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