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Nodding syndrome (NS) is a debilitating yet often neglected neurological disease affecting thousands of children in
several sub-Saharan African countries.
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| 1. Introduction

Nodding syndrome (NS) is a devastating but often neglected neurological condition that affects thousands of individuals in
remote and resource-poor regions in several countries throughout sub-Saharan Africa, with major public health,
psychosocial, and economic consequences HIZIE14]

| 2. Epidemiology

Twenty-two studies in our dataset reported on the epidemiology of NS. The first reports of NS cases came from southern
Tanzania between the 1930s and the 1960s [2l. These early reports were followed decades later by reports from Liberia [€],
southern Sudan (now officially known as the Republic of South Sudan) B2, western Uganda 8], and northern Uganda &
(Figure 1). Recently, NS was reported in regions within the Democratic Republic of Congo (DRC) ¥, Cameroon, and the
Central African Republic 1112 (Figure 1).
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Figure 1. African countries in which cases of NS have been reported, including the first year in which they were reported.
The inset shows the reported prevalence of NS in the indicated countries.

On a regional level, the overall prevalence of NS was reported to be 4.6%, 0.7%, 0.4%, and 0.3% for South Sudan
(Western Equatoria) BIlE3], northern Uganda (Kitgum, Pader, and Lamwu districts) 24, the DRC (town of Aketi) 12 and
Tanzania (Ulang district and Morogoro region) 28, respectively. In Cameroon (Bilomo, Kelleng, Ngongol, Nyamongo, and
Bayomen), the reported prevalence of NS among a subgroup of patients with epilepsy was 21.8% L. Finally, in the
Central African Republic, a total of five cases were identified among 6175 individuals 2,



In villages, NS has been reported to cluster around rapidly flowing rivers infested with blackflies (Simulium spp.) [L9LL]
(L3ISIANIEILN20] 50 in families, with some families having two or more affected members RBIEIR421122123124] |y addition,

NS has also been associated with poverty, food shortage, and a history of displacement [13I[18][20]

| 3. Aetiology

The aetiology of NS was investigated and reported by 18 studies in our dataset, which were further subdivided into the
following seven categories (with some studies reporting more than one category): infections (n = 11), nutritional
deficiencies (n = 4), toxins (n = 5), and autoimmune (n = 4), hormonal (n = 3), metabolic (n = 2), and genetic factors (n =
1). These categories are discussed in detail below.

3.1. Infection

With respect to parasitic infection, most studies focused on Onchocerca volvulus (OV) infection (Table 1) and studied the
association between NS and OV infection using skin snip microscopy, serology (Ov16 IgG detection using ELISA and
OVFAR/MSA detection using the luciferase immunoprecipitation system), and PCR analysis. We found that four case—
control studies using skin snip microscopy measured a significantly higher prevalence of OV infection in NS cases (range:
71.1-96.7%) compared to controls (range: 43.7-53.9%) [L3I25[26] |n addition, one case study using skin snip
microscopy found a higher density of OV microfilaria in NS cases compared to patients with other forms of epilepsy [24. In
contrast, case studies using PCR on cerebrospinal fluid (CSF) samples did not detect either genomic material of OV in
139 cases 241128129 or species of Wolbachia (an endosymbiotic bacteria that occurs together with OV) in CSF samples
taken from 10 NS cases 28 In addition, Mansonella perstans infection, which was detected using microscopy on blood
samples, was significantly associated with NS in one case—control study, with an odds ratio (OR) of 3.2 (p = 0.005) [
(Table 1). Finally, we found no association between NS and the presence of any other parasitic infections, including Loa
loa, Wuchereria bancrofti, Trypanosoma gambiense (a protozoan that causes human African trypanosomiasis, or sleeping
sickness), and Taenia solium (an intestinal tapeworm that causes cysticercosis) (28],

Table 1. Case—control studies reporting associations between pathogens and nodding syndrome.

Location Cases Controls Odds
Pathogen Test Ratio p-Value Reference
Country Area (Year) N % N % (95% CI)
Lui (2001) SSM 39 897 31 483 9'2 (2";)7 ~  0.00003 [7s]
Amadi (2001) SSM 30 967 34 50 29 (3:5- - s3]
237.7)
South
Sudan
Lui (2002) SSM 13 923 16 437 3416 5008 A1
148.8)
Maridi and 3.2 (1.2- [25]
Witto (2011) SSM 38 763 38 474 8.7) 0.02
111
o’;‘;’,’;:,ﬁ’s ca SSM 45 711 39 539  (0.37- -
3.27)
3.14
Kitgum (2009)  Ov16 IgG 39 667 44 318 (1.08- - 28]
9.13)
Uganda
14.4
OVFARIMSA 39 949 41 488 (2.65-
78.3)
Kitgum and 8.79
Pader Ovi6igG 154 935 153 54.9 (4.15- 0.001 [20]
(2016/17) 18.65)
vansonella South Lui (2001) BM 39 41 31 96 s 0005 o
perstans Sudan 1 adi (2001) BM 30 666 34 50
Loa loa South Lui and Amadi BM 69 0 65 0 ) ) T4

Sudan (2001)



Location Cases Controls Odds

Pathogen Test Ratio p-Value Reference
Country Area (Year) N % N % (95% CI)
Wuchereria South Lui (2001) 39 0 31 9 ) @
bancrofti Sudan BM 0.47
Amadi (2001) 30 0 34 7.6 -
Lui (2021) 39 12.8 31 9.6
Trypanosoma Ssl(:::\: CATT 0.84 0.94 .
fypanosc Amadi (2001) 30 0 34 58
brucei
Uganda Kitgum (2009) CATT 36 0 40 0 - - (261
Taenia soleum Uganda Kitgum (2009) Antibody 36 0 40 0 - - 261
Past history 235 6.1 3?3(%‘;5'
Uganda  Kitgum (2009) ’ 261
PCR 16 0 0 - - -
Measles virus . .
South Lui and Amadi . d]
Sudan (2002) Past history 13 15.38 19 58 0.13 0.025
Uganda Kitgum (2014) Past history 50 100 50 - 6 fig)z - 0.047 )
1.45
IgM 38 31.6 31 161 (0.37- -
. 5.58)
He'\’/‘:‘::;s E Kitgum (2009) [26]
0.81
IgG 38 26.3 30 333 (0.24- -
2.75)

SSM: skin snip microscopy; BM: blood microscopy; CATT: card agglutination test.

With respect to viruses, three case—control studies investigated measles infection using a previous history of measles
infection as reported by the parents or legal guardians, with conflicting results (Table 1). The first study (conducted in
South Sudan in 2002) reported an inverse association between prior measles infection and NS (OR: 0.13; p = 0.025) 4.
The second study (conducted in Uganda in 2009) found no significant association (OR: 3.3; 95% Cl: 0.8-13.6) [28] and
the third study (also conducted in Uganda, but in 2014) found a significant positive association between measles infection
and NS (OR: 6; p = 0.047) 1. |n addition, no association was identified between hepatitis E infection and NS 28, Finally,
a recent case—control study found no association between NS and known viruses
including Anneloviridae, Hepadnaviridae (hepatitis B), Flaviviridae, Herpesviridae, Polyomaviridae (human
polyomavirus), Papillomaviridae, and Virgaviridae 32,

Our search revealed no studies regarding bacterial infections. Finally, there was no association between prion disease
and NS (based on a reported history of eating monkey meat) 28],

3.2. Nutritional Deficiency

A case—control study in Uganda found that compared to controls, NS cases had lower plasma levels of vitamin B6 (OR:
7.2; p = 0.001) and higher plasma 3-hydroxykynurenine levels (OR: 4.50; p = 0.013) 28! (Table 2). In contrast, however,
three other studies conducted in Uganda and Tanzania found no such associations [281341[35],

Table 2. Case—control studies that studied nutritional deficiencies in nodding syndrome.

_ ) Location Cases Controls Odds Ratio (95% p-
Micronutrient cl) Value Reference
Country Area (Year) N % N %
Uganda  Culu&Amurudistrict oo 73 7.22 (2.24-23.26)  0.001 s3]
(2013)
Vitamin B6
(P5P) Uganda Kitgum (2009) 49 73 42 64 1.22 (0.41-3.59) - (26
Uganda - 3 100 5 100 - - [24]
Vitamin A Uganda Kitgum (2009) 25 40 12 33 2.15 (0.41-11.12) - (28]

B

Vitamin B12 Uganda Kitgum (2009) 25 8 12 8 1.46 (0.09-22.82) - 26



Micronutrient

Folate

Zinc

Selenium

Location
Country
Uganda
Uganda

Uganda

Area (Year)

Kitgum (2009)

Kitgum (2009)

Kitgum (2009)

Cases

N %
11 9
17 47
17 100

Controls
N %
9 0
12 67
12 100

Odds Ratio (95%

o))

0.72 (0.13-3.94)

P5P: pyridoxal-5-phosphate; PL: plasma level. Note: all nutrients were measured as plasma levels.

p-
Value

Reference

[26]

[26]

No significant association was found between NS and other micronutrient deficiencies, including vitamin A, vitamin B12,

folate, zinc, and selenium [28],

3.3. Toxins

With respect to food-related toxins, a history of consuming maize (OR: 4.0; p = 0.05), mouldy maize (OR: 4.3; p = 0.009)
Bl relief foods (OR: 4.0; p = 0.02) BUES3l and either red or brown sorghum (OR: 6.22; p = 0.05) [ was significantly
associated with NS (Table 3). One study also investigated the possible underlying aetiology associated with consuming

mouldy foods by examining the presence of various mycotoxins (aflatoxin, ochratoxin, and ribotoxin deoxynivalenol)

present in contaminated foods (maize, sorghum, millet, and groundnuts), but found no association [281,

Table 3. Case—control studies reporting associations between toxins and nodding syndrome.

Toxins

Mouldy maize

Maize

Emergencyirelief food

supplies

Red/brown sorghum

Spoiled relief food

Seeds meant for planting

River fish

Insects

Rodent brain

Baboon brain

Baboon meat

Crushed roots as
traditional medicines

Crushed leaves

Location

Country

Uganda

Uganda

Uganda

South
Sudan

Uganda

Uganda
Uganda

South
Sudan

Uganda

Uganda

Uganda

South
Sudan

South
Sudan

Uganda

Uganda

Uganda

Area (Year)

Kitgum (2014)

Kitgum (2014)
Kitgum (2014)

Gulu and
Amuru (2016)

Mundri (2002)

Kitgum (2009)

Kitgum (2009)

Kitgum (2009)

Mundri (2002)

Kitgum (2009)

Kitgum (2009)

Kitgum (2009)

Mundri (2002)

Mundri (2002)

Kitgum (2009)

Kitgum (2014)

Kitgum (2009)

Test

DtH

DtH

DtH

DtH

DtH

DtH

DtH

DtH

DtH

DtH

DtH

DtH

DtH

DtH

DrH

DrH

DrH

Cases

N %

50

50

47

40 67

13 54
- 98
- 43
- 61
- 96
- 41
- 55
- 39

50 -
- 8

Controls

N %

50

50

50

18 27

19 16
- 100
- 47
- 65
- 100
- 33
- 51
- 16

50 -
- 2

Odds Ratio
(95% ClI)

4.33 (L.4-
18.9)

4 (1.0-26.5)
4(1.3-17.6)

4.05 (1.23-
13.28)

6.22 (1.2-
32.3)

1.3 (0.0-
125.9)

0.3 (0.1-1.3)

0.6 (0.1-2.3)

5 (0.82-30.4)

0.3 (0.0-
11.6)

0.8 (0.2-2.9)

1.8 (0.3~
12.3)

3(0.63-14.2)

4.5 (0.97-
20.8)

5.4 (1.3-
22.1)

1.29 (0.47-
3.6)

3.4 (0.2-
45.8)

p-
Value

0.009

0.05

0.016

0.021

0.049

0.11

0.25

0.07

0.617

Reference

[31]

[26]

[26]

[26]

[26]

[31]

[26]



Location Cases Controls 0Odds Ratio p-

Toxins Test Reference
0/
Country Area (Year) N % N % (95% CI) Value
Crushed flowers Uganda Kitgum (2009) DrH - 0 - 2 0.9 (0.1-5.6) - 261
Inhaled medicines Uganda Kitgum (2009) DrH - 2 - 0 0.2 (0.0-1.5) - (261
Exposure to chemicals . 13.9 (1.4~ [26]
from munitions Uganda Kitgum (2009) EH - 70 - 51 135) -

DtH: dietary history; DrH: drug history; EH: exposure history.

Another case—control study failed to confirm the association between red/brown sorghum and NS 28, Interestingly, one
study reported an association—albeit not significant—between NS and a history of eating baboon meat 13, whereas other
studies found no association between NS and the consumption of agricultural seeds, cassava, river fish, insects, rodent
meat, or bush meat (including brains) 28 Finally, one case—control study detected the mycotoxins a-zearalenone,
aflatoxin M1, and T-2 toxin in the urine of both cases and controls, but found no significant difference between cases and
controls 37,

Aside from food-related toxins, one study in Uganda found a positive association between NS and the use of crushed
plant roots as traditional medicines (OR: 5.4; 95% Cl: 1.3—22.1) [28] (Table 3). However, another study conducted in the
same area found no such association (OR: 1.29; 95% ClI: 0.47-3.6) 1. Exposure to toxins from war munitions was
associated with NS in Uganda (OR: 13.9; 95% CI: 1.4-135) 28 put not in South Sudan {23, Finally, no association was
found between NS and exposure to copper or mercury and the source of water for domestic use (river, borehole, spring,
shallow well, or pipe) [28],

3.4. Autoimmunity

One case—control study used a protein array to screen for a large number of autoantibodies, revealing that autoantibodies
against the protein leiomodin-1 had the strongest association with NS; specifically, leiomodin-1 autoantibodies were found
in 53% of NS cases compared to 31% of controls (OR: 2.7; 95% ClI: 1.1-6.5) 28 However, a recent study could not
confirm the association between autoantibodies against leiomodin-1 and NS B4,

One study found no autoantibodies against N-methyl-D-aspartic acid (NMDA) receptors or the voltage-gated potassium
channel (VGKC) complex in the serum of any NS cases tested 22,

Finally, another case—control study found that the mean plasma levels of macrophage migration inhibitory factor (MIF)
were significantly elevated (47.3 + 25 ng/mL vs. 17.8 £ 6 ng/mL) in NS cases compared to the healthy controls, which was
hypothesized to play a role in the development and disease progression as a result of autoimmunity and
neuroinflammation 2%, However, the frequency of MIF =173 C genotypes (CC/CG) was significantly lower in NS cases
compared to the healthy controls (OR 0.33; 95% CI 0.14—0.8) [4],

3.5. Hormonal, Metabolic, and Genetic Factors

With respect to hormonal imbalances, a case series of Ugandan adolescents reported low levels of the peptide hormone
somatomedin C (also known as insulin-like growth factor-1) in two out of eight NS cases. This study also reported low
levels of luteinising hormone, follicle-stimulating hormone, and the sex hormones testosterone and oestrogen in seven of
eight cases 4, In contrast, all eight cases had normal levels of other hormones, including thyroid hormone, parathyroid
hormone, growth hormone, adrenocorticotropic hormone, adrenal corticosteroids, and mineralocorticoids 2122 Finally, a
case—control study found no association between serum serotonin level and NS 421,

Altered metabolism was identified as a possible cause of NS by a case series involving 48 Ugandan patients with low
mean levels of biotinidase and acetyl carnitine, but normal urate levels 44l In addition, another case series involving 10
Ugandans reported high anion gap metabolic acidosis 42,

With respect to genetic aetiological factors, one case—control study in South Sudan (with 48 cases and 51 controls) found
that the presence of specific amino acids at specific positions in the HLA-B (Alall, Ala24, Asn63, and Phe67), DRB1
(Ala73 and Thr77), and DQB1 (Pro56, Glu66, and Val67) proteins were significantly associated with increased
susceptibility to NS, while other specific amino acids in the HLA-B (Serll and Glu63), HLA-C (Trp156 and Glu163), DRB1
(Lys71, Gly73, Arg74, and Asn77), and DQB1 (Leu56, Asp66, lle67, Glu70, and Asp71) proteins were associated with a
decreased risk of NS 43, A separate, relatively small case—control study (with three cases and five controls) of Ugandan



children reported normal mitochondrial DNA and negative oligonucleotide microassay results for consanguinity, deletion,
and duplication 24!,

| 4. Pathophysiology

One autopsy study of five deceased NS cases in Uganda suggested that NS may represent a new form of tauopathy
based on the presence of tau-immunoreactive neuronal neurofibrillary tangles, pre-tangles, neuropil threads, and dot-like
tau in the cerebral cortex, brain stem, and basal ganglia of all five cases “&. However, another autopsy study of another
five Ugandan cases could not confirm these findings; instead, the authors proposed a neuroinflammatory
pathophysiology, as they found no signs of generalised tauopathy, but rather found cerebellar atrophy, a loss of cerebellar
Purkinje cells, cortical gliosis, and features indicating previous ventriculitis and/or meningitis 2. This conclusion based on
neuroinflammation was consistent with the findings of six separate magnetic resonance imaging (MRI) studies involving
66 cases, which found gliosis (mainly in the occipital and parieto-occipital areas) and cerebellar atrophy, with no focal
changes in the cerebral cortex or hippocampus 4RI24129][34148] Thjs neuroinflammation did not appear to be the result of
a chronic infection in the central nervous system (CNS), as six studies (with a total of 148 cases) reported normal cell
counts, protein levels, and glucose concentration in the CSF MIQ241261[28][34] ' |nterestingly, one of these six studies
reported the presence of oligoclonal bands in the CSF—which indicates the presence of immunoglobulins that are
commonly found in a wide range of neuroinflammatory diseases—in one of the three cases in their study 24,

No cytokine-specific profile was identified in any of the NS cases; however, one case—control study reported higher levels
of the cytokine-like polypeptide C5a in the CSF of NS cases compared to controls, suggesting complement activation 42,
The same study also found lower plasma levels of CCL2, CCL5, CXCL13, IL-10, APRIL (also known as TNFSF13), and
MMP-9 (matrix metallopeptidase 9) in NS cases compared to controls 42, Another study reported decreased levels of IL-
13 in NS cases, but could not detect IL-5, IL-6, or TNF-o 59,

Seven studies (with a total of 111 cases) reported findings based on electroencephalogram (EEG) recordings and found
evidence of atonic seizures (i.e., presence of electro-decrement and paraspinal electromyographic dropout) in patients

who experienced nodding episodes during the EEG recordings 248, |n addition, EEG recordings also showed evidence
of generalised and focal seizures [AI=131[21][24][34][48]

With respect to nonspecific laboratory findings, several case series reported low haemoglobin levels EIBI42  elevated
eosinophil counts 424 and increased erythrocyte sedimentation rates [4 in NS cases. In contrast, liver function, kidney
function, white blood cell counts, and platelet counts were all normal 4124142

| 5. Clinical Features

Prior to the onset of typical head-nodding seizures, 20% of NS cases seem to develop prodromal signs, including an
expressionless stare, excessive sleepiness, dizziness, and loss of attention Ml23)51 The characteristic involuntary
repetitive head nodding—which may be present in all NS cases—likely results from a periodic loss of neck muscle tone &
(9131251 The onset of these symptoms has been described in both children and young adults ranging from 2 to 22 years
of age, with a slightly higher prevalence among males (55%) HEIBIQNLLLA20]21]26] | the majority of cases, head
nodding is reported to be triggered by the sight of food or by cold weather AIRIL1I[13][24][25][41]52]

In over 80% of cases, NS progresses to include other seizure types, including generalised tonic—clonic seizures, partial

complex seizures, and atypical absence seizures HIRILLLSIA6]211[24]148](54] | addition, approximately 30% of patients
develop cognitive impairment, which can present as a slow reaction time, depression, and/or dropping out of school Il
(ILLL3N[19]21](25)(51]52](53] |mpaired physical development is also reported, including stunted growth with delayed bone age
(41% of cases), wasting (73% of cases), and delayed puberty [4IEILLIILAAL]5]S3[54]

Further complications reported to be associated with NS include psychiatric symptoms such as mood changes,
aggressiveness, sleep disturbances, and wandering in 36%, 27%, 23%, and 9% of cases, respectively, as well as
catatonia symptoms (e.g., staring, mutism, stupor, and grimacing) in some cases [4B3I55] |n contrast, neither focal
neurological abnormalities nor cranial nerve palsies have been reported in NS [2IE19]25]

Some patients were described to progress to even more severe forms of NS, although the percentage of patients who do
so is currently unknown. Children with a severe form of NS are often severely mentally retarded with impaired speech or a
complete loss of speech, the inability to stand, urinary incontinence, a tendency to wander, and Parkinson-like features
such as drooling, facial masking, facial tics when speaking, and slow speech patterns [4El. These patients may die due to



uncontrolled generalised seizures or other events such as falling into the fire while cooking or drowning AEIZIEI913]24](51]
B3], To date, no reports of children making a full recovery from NS have been published.

| 6. Diagnosis and Management

Currently, no laboratory test is available to confirm the clinical diagnosis of NS. However, in 2012 a consensus case
definition was established during the International Scientific Meeting on Nodding Syndrome held in Kampala, Uganda [28],
which was modified in 2013 during the single-stage cluster survey conducted by the CDC and the Ugandan Ministry of
Health to determine the prevalence of NS in Uganda (Table 4) 14!, This definition is now used widely by clinicians and
scientists. Prior to 2012, however, characteristic repetitive head-nodding seizures were used to diagnose NS.

Table 4. The 2013 modified consensus case definition for NS.

Suspected Reported Head Nodding in a Previously Healthy Person. Head Nodding Is Defined as Repetitive, Involuntary
Case: Drops of the Head towards the Chest on Two or More Occasions

Suspected case of head nodding, with one major criterion plus at least one minor criterion
Major criteria:

« 3-18 years of age at the onset of nodding

Minor criteria:
« Other neurological abnormalities (cognitive decline, school dropout due to cognitive/behavioural

problems, other seizures or neurological abnormalities)

Probable
case « Clustering in space or time with similar cases
« Triggered by food or cold weather
« Stunting or wasting
« Psychiatric manifestations
Probable case, with documented head-nodding episodes based on:
« Observation and recording by a trained healthcare worker, or
Confirmed
case « Avideotaped head-nodding episode, or

Video/EEG/EMG documenting head nodding as atonic seizures

Seven studies in our dataset reported on the management of NS. Five of these studies found that the use of
anticonvulsants—including phenobarbitone, carbamazepine, sodium valproate, and phenytoin (either individually or in
combination)—reduced seizure frequency in 70% of cases, with complete seizure control achieved in 25% of cases [Ell24
[48](341[57] | addition, anticonvulsants were reported to increase basic self-care, behaviour, and school attendance in 80%,
59%, and 40% of cases, respectively, thus reflecting an increase in independence B4. In one study, the combined use of
anticonvulsants and multivitamins was reported to reduce wasting and stunting 24; however, whether these interventions
affect disease progression in NS remains unknown. Finally, community-directed treatment with ivermectin combined with
larviciding of rivers was reported to coincide with a reduction in the incidence of NS in northern Uganda 581,

| 7. Community Perceptions and Psychosocial and Economic Impact

Twelve qualitative studies (all of which were performed in Uganda) investigated community perceptions and the
psychosocial and economic burden of NS.

7.1. Perceptions and Beliefs

Within communities, NS was perceived to be associated with a wide variety of factors, including living in a camp for
internally displaced people BBABL: consumption of expired andfor contaminated relief foods BB exposure to
chemicals from war munitions BEABLIEI64]: eyl spirits, being cursed, or punishment from the gods as a result of bad
deeds committed during a time of war [B3IB2I[6QN6162)631ES]: gpen-gold mining in Karamoja region (northeastern Uganda)

polluting the rivers with heavy metals such as mercury [1; and blackflies breeding in the rivers in northern Uganda (€3],



7.2. Transmission, Presentation, and Treatment

In some studies, communities reported the belief that NS can be transmitted from person to person through saliva and the
air [B3IBA6AN62]64]- therefore, patients with NS are often isolated from their family members and peers (e.g., eating and
sleeping separately) in NS-affected communities. Some communities reportedly perceive NS as a distinct disease entity
from epilepsy, given that NS is generally more severe and can include severe mental and/or physical disabilities (62641,
Furthermore, local communities in northern Uganda reported believing that NS cannot be cured B3I5985] ang that
anticonvulsive medications—particularly sodium valproate—are associated with promiscuous behaviour, resulting in low
treatment compliance (68,

7.3. Health-Seeking Behaviour of Caretakers

Caretakers generally seek healthcare from government health facilities; however, a shortage of healthcare workers, long
waiting hours, frequent lack of medicines, and transport-related issues (e.g., a lack of money for transportation and/or
difficulties associated with transporting mentally and physically disabled patients with NS) often drives caretakers to seek
care from traditional healers and witch doctors B8IE7],

7.4. Psychosocial and Economic Burden

The mental and physical impairments caused by NS often lead to personal and family shame [€8I€8] discrimination, social
isolation [61162]631(68] and economic constraints due to reduced livelihood activities [621631[64168] | addition, caretakers
experience poor sleep and are often depressed, which can lead to domestic violence, substance abuse, and suicidal and
homicidal thoughts, potentially ending in family separation B2I63164168] Some caretakers report feeling that their children
with NS are useless [BLI3] |n addition, children often drop out of school due to fears related to the person-to-person
transmission of NS [82II63] Finally, some individuals with NS report being sexually abused, exploited, or forced to engage
in child labour (681,
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