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ABSTRACT 

Background: Nodding Syndrome (NS) is an emerging neurological 

disorder in East Africa that affects children that are subject to civil 

disruption, internal displacement, food insecurity, malnutrition and 

nematode infection, Onchocerca Volvulus (OV). This epilepsy of 

unknown aetiology which presents with a typically dorso-ventral head 

nodding affects thousands of children in Northern Uganda, South 

Sudan and Southern Tanzania. The burden it places upon affected 

communities is multifaceted; ranging from physical and mental health 

decline of an individual child to increasing health disparities of the 

entire community. Nodding Syndrome should be considered a critical and pervasive threat to 

human security in the affected communities of Northern Uganda because it exacerbates 

vulnerability of the people in the process of recovering from violent conflict. The aim of this 

study was to describe the rehabilitation outcomes of NS children who were being treated at 

the Hope for HumaNs (HfH) NS rehabilitation centre in Gulu District over a 9 months’ 

longitudinal study. Methods: The study was conducted on 19 NS children who were 

undergoing treatment and rehabilitation at the HfH centre from June 2012 to March 2013 

(using local food supplements, sodium valproate (200mg BD) with or without carbamazepine 

(200mg BD), multivitamins, and psychosocial support. Anthropometry, clinical 

examinations, haematological and biochemical tests of blood samples were studied at 

baseline and follow-up. Ethical approval was obtained from the Gulu IRC 

(GU/IRC/02/01/13) and STATA version 12 (STATA Corp LP, Texas, USA) was used for 

data analysis. A p-value less than 0.05 was considered statistically significant. Results: We 
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found NS associated with younger age-groups 9.71(p=0.001); improved nutritional status 

shown by increased height, weight and MUAC. The mean change in MUAC did not however 

reach statistical significance between baseline and follow-up accounting for age and sex 

(χ
2
)=2.39; p=0.0611. Male NS children had lower MUAC compared to females, 1.36 

(p<0.000). There was a statistically significant increase in the anion Gap 16.4 (p<0.001) from 

baseline but was lower for younger NS children than older ones 4.35(p=0.002). The high 

Anion Gap was still associated with nodding episodes although with reduced frequencies. 

Conclusion: Nodding syndrome is a childhood neurological disorder associated with 

malnutrition and high anion Gap metabolic acidosis but the outcome of treatment and 

rehabilitation showed remarkable improvement in the physical conditions of NS children 

with improved height, weight, MUAC and reduced seizure frequencies. 

 

KEYWORDS: Nodding Syndrome, longitudinal study, multidisciplinary treatment, Gulu 

University. 

 

BACKGROUND 

Nodding Syndrome (NS) is a new neurological disorder that affects children that are subject 

to civil disruption, internal displacement, food insecurity, malnutrition and infection with a 

nematode, Onchocerca Volvulus (OV).
[1]

 This epidemic neurological disorder of unknown 

aetiology affects thousands of children in Northern Uganda, South Sudan and Southern 

Tanzania.
[2]

 The burden it places upon affected communities is multifaceted; ranging from 

physical and mental health decline of an individual child to increasing health disparities of an 

entire community.
[2]

 Nodding Syndrome should therefore be considered a critical and 

pervasive threat to human security in the affected communities of Northern Uganda, because 

it exacerbates vulnerability of people in the process of recovery from violent conflict.
[3]

 The 

economic, psychosocial and health structures of the affected communities are all affected by 

this epidemic.
[3]

 The Ugandan Ministry of Health interventions to mitigate the effects of the 

syndrome included: Out and Inpatient screening and treatment along with subsequent follow-

up care, psychological and social support for families, rehabilitation services with 

occupational, physical, speech and language therapy to reduce loss of function and prevent 

further disability.
[4]

 However, there have been variable reports on the successes and results of 

these interventions.
[5-7]

 This was likely due to the already pervasive weakening of these health 

structures from years of internal conflict and a slow post-conflict recovery.
[3]

 There is no 

definitive cause ascribed to NS to date, and studies consider NS in Northern Uganda to 
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belong to the same entity as seen in the other two countries.
[8-9,10,11-15]

 Editorials and reviews 

serve to bolster this prevailing opinion in addition to associations with Onchocerca Volvulus 

(OV).
[15,16,17,18,19]

 The three geographical locations in East Africa where NS occurs at 

epidemic proportions are: South Sudan, Northern Uganda and Southern Tanzania and that 

they are affected by endemic rates of OV
[16,20,21]

 and experienced internal displacement. 

Recent reports show that NS is not newly emerging in Tanzania as Jiel Al and Peter Spencer 

report dates back to 1930s however, in the Tanzanian NS cases, there were no profound 

cognitive decline, malnutrition, psychological effects and that the Electroencephalography 

(EEG)/Magnetic Resonance Imaging (MRI) were not typical
[13]

 and significantly different 

from that of the other two countries.
[21] 

In Northern Uganda, Kitara et al.(2013) demonstrated 

that NS was clustered on either side of Aswa and Pager rivers.
[20]

 In addition, his team 

demonstrated spatial temporary NS clustering in time (IDP camp period); persons (mainly 

children aged 5-15 years at onset) and space (geographically located on either side of the two 

rivers).
[20]

 The factors around this clustered occurrence of NS have not yet been fully 

understood.
[20]

 Furthermore, a recent study in Northern Uganda found a High Anion Gap 

metabolic acidosis among NS children compared to their age and sex matched controls
[21]

 and 

it perhaps suggested that NS was secondary to a metabolic disorder, may be a mitochondrial 

disorder.
[20,21,22,23,24,25]

 In contrast to other findings particularly associations with OV, Kitara 

et al.(2013), suggests further investigations into possibilities of metabolic aetiology of 

NS.
[21,22,23,24,25]

 His team cautiously supports OV as the only aetiological factor in the 

epidemiology of NS since OV has been endemic in the affected communities in Northern 

Uganda for many years (locally named, “two ajonga miya”) and it is presently endemic in 

other regions across the Sub-Saharan Africa and Latin America where NS has not been 

reported.
[20,21,26,27]

 In addition, it was observed in one of his studies that more than 10% of NS 

children do not have OV similarly more than 10% of healthy control children had OV and 

there was so far no evidence that they developed NS.
[21,26,27]

 Secondly, the spatial temporal 

clustering of NS in time, space and person is another reason that perhaps demonstrates that 

OV may not be the only possible cause of NS in this OV endemic environment except if the 

black fly simultaneously transmits OV with another causative agent
[20,21,26,27]

 or evokes an 

immunological response that are clustered to the individuals affected in those communities. 

The aim of this study was to describe the clinical findings in NS children that were 

undergoing rehabilitation at the Hope for HumaNs (HfH) rehabilitation centre in Odek Sub 

county, Gulu district in Northern Uganda through a longitudinal study conducted on NS 

children at the centre. 
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METHODS 

Study design: This was a longitudinal study conducted on 19 NS children being rehabilitated 

at HfH centre over a period of 9 months (From June 2012 to March 2013). 

 

Study site: The study was conducted at a Hope for HumaNs (HfH) rehabilitation centre at 

Aromowang lobo (5 kilometres East of Awere trading centre-Gulu district) off the Awere 

road from Gulu to Pader districts. It is situated in Gulu district, Odek Sub County, an area in 

the epicentre of Nodding Syndrome epidemic in Northern Uganda.
[8,9,17,18,21]

 This centre was 

built in 2012 as a private initiative of two American founders from Texas, USA (Dr. Suzanne 

Gazda and Dr. Sally Bayton). It’s a well built facility with classrooms for teaching NS 

children basic education, music, dance and drama; a medical clinic which is run by qualified 

medical staff; a refectory and cooking place for food rehabilitation, a play field for soccer; a 

piggery for livelihood project and medical staff quarters. There was a well designed daily 

schedule of activities strictly followed by the NS children undergoing rehabilitation 

beginning with travel from home, registration, administration of medication, physical 

exercises, feeding, bathing, hygiene, toiletry and physiotherapy. This was a comprehensive 

rehabilitation centre which was efficiently and effectively run by the administrators of 

HfH.
[8,9,19]

 In addition, NS children were undergoing a multidisciplinary management with 

anticonvulsants (sodium valproate 200mg BD/or Carbamazepine 200mg twice a day), 

multivitamins (1 tablet twice a day), folic acid (5mg/day once a day); high energy food for 

nutritional rehabilitation (MAMA nutritional supplements made of local food stuff); social 

care; hygiene and basic educational skills. In addition, they were each treated with Ivermectin 

tablets six monthly for the elimination of Onchocerca Volvulus microfilariae. Prior to the 

enrolment into the HfH rehabilitation centre in 2012, NS children were assessed by a 

multidisciplinary team from the Ugandan Ministry of Health (MOH), Gulu District Health 

Department, Gulu University and other research institutions in Uganda to confirm the 

diagnosis of probable NS using WHO surveillance and case definition. This study area was 

largely a rural community which has one of the highest levels of poverty, inadequate water 

and sanitation and with significant disease burden.
[18,23]

 From 1986 to 2007/2008, this area 

was in civil war between the Ugandan Army and the rebel Lord’s Resistance Army 

(LRA).
[18,24]

 In 2001, this community was moved to the Internally Displaced Peoples’ Camps 

(IDPs) where many of them became dependent on relief food supplied by the relief 

agencies.
[8,17,21,24]

 The IDP camp life became associated with malnutrition, social norm 

breakdown, rising incidence of alcoholism, mental health disorders, suicidal tendencies, 
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increasing prevalence of HIV, Cholera, Hepatitis B & E and other infectious diseases, neglect 

and waste of the youths.
[9,19,24] 

After 2007, the displaced people were returned to their homes 

in a phase-wise approach from the main camp to the satellite camps near their villages.
[18]

 

Eventually by 2009, the communities were returned to their original home after extensive 

demining process in the farmland where the returnees were resettled to rebuild their 

communities and lives.
[9,18,19]

 In the same year 2009, the Ugandan Ministry of Health 

identified NS in Northern Uganda and established screening and rehabilitation centres in 

2012 in Government health facilities where NS children were supplied with anticonvulsant 

medicines, multivitamins and nutritional supplements.
[9,16,17,19,21,25]

 The challenges faced in 

the rehabilitation processes at these public health facilities are fairly well documented.
[22,23]

 

 

Study population: We studied nineteen (19) NS children who were enrolled in HfH centre in 

June 2012 and followed them again in March 2013. They had undertaken treatment with 

Sodium valproate (200mg BD) with or without Carbamazepine (200mg BD) and dosage 

tailored by the treatment team, food supplementation, multivitamins and psychosocial 

support. In both occasions, each NS child was individually screened and examined by the 

research team to confirm conformity to the inclusion criteria of (probable Nodding 

Syndrome).
[8,9,19,25]

 All 19 NS children were undergoing comprehensive daily outpatients’ 

rehabilitation at the HfH centre. 

 

Recruitment method: We recruited NS children into the study consecutively. 

 

Inclusion criteria: We recruited NS children as participants after diagnosis of probable 

Nodding Syndrome in accordance with the WHO epidemiological and surveillance case 

definition.
[8,9,19,26]

 Informed consent from parents/Guardians and assent for children 14 years 

and above were obtained. 

 

Exclusion criteria: We excluded children aged 2 years and below with reported history of 

abnormal physical, cognitive and social development prior to onset of nodding. 

 

The study instruments: We used a questionnaire to document the physiological, 

psychosocial and mental health conditions of NS children and their mothers. 

Parents/Guardians of NS children responded to these questions. The questions explored 

information on the socio-demographic and anthropometric characteristics of the NS children 

and reported frequency and occurrence of nodding. It also followed up on the growth pattern, 
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new developments, and participation in activities of the centre. The information obtained on 

the socio-demographic characteristics of the NS child were: age, sex, weight (Kg), height 

(cm), mid-upper-arm-circumference (MUAC), level of education, addresses, occurrence of 

nodding and the psychosocial and mental health conditions of the NS children over the period 

of study. 

 

Anthropometric measurements: Each NS child was measured clothed and barefoot for 

height in centimetres using a stadiometer while body weight was measured using a calibrated 

digital scale which was standardized in kilograms (Kg). The mid upper arm circumference of 

the left arm was measured using a MUAC tape and recorded in centimetres (cm). 

 

Blood sample collections: After completing filling and checking the questionnaires by the 

Investigators, whole blood samples was obtained from the anterior aspect of the left cubical 

fossa using aseptic technique. Two vacutainers were used to collect approximately 5mls of 

whole blood into each vacutainer. One sample in plain container and the other in ETDA 

container which was gently shaken, labelled and packed in icepacksready for transportation 

to the main laboratory at Gulu. At the laboratory, samples in plain vacutainers were 

centrifuged at 3000 r.p.m for 5 minutes and the serum obtained were transferred into cryo 

vials, labelled, and refrigerated at -20
0
C and ready for transportation for biochemical analysis 

at the Uganda Heart Institute (UHI), Mulago National Referral Hospital and LMK 

laboratories, in Kampala Uganda. These two laboratories are certified and accredited 

laboratories by the Ugandan Ministry of Health and conform to the international and national 

laboratory standards. 

 

Ethical considerations: The study was approved by the Local IRB; Gulu University IRC 

(GU/IRC/02/01/13).The research team worked in close collaboration with the administration 

of HfH centre, Gulu District Health Department, the local councillors and the village health 

teams (VHTS). Parents/Guardians of the NS children gave informed consent on behalf of the 

NS child participants but for those that were above 14 years but below 18 years, assent was 

obtained. The author DLK supervised the data collection at the baseline visit and the follow-

up visit 9 months later. The majority of the parents/Guardians of the study participants could 

not read and write and so placement of inked thumbprints on the position for signature on the 

questionnaire were used. In addition, NS patients’ identity was anonymized and only 

accessible to the main investigator of this research. We further obtained informed consent 

from parents/guardians for this information to be published. 
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Data analysis: The statistical analysis for this study was performed using STATA version 12 

(Stata Corp LP, Texas, USA) where data was presented as mean ±Standard Deviation (SD), 

maximum and minimum values in the univariable analysis. We used Chi Square and Fisher’s 

exact tests for bivariate analysis to identify differences between variables in NS patients. We 

fitted Ordinary Least Squares (OLS) regression models to identify trends in variables in 

relation to Nodding Syndrome during the time period. Stepwise Logistic regression analysis 

was used as an exploratory tool to guide the introduction of covariates in our modelling 

approach. Finally, a multivariable logistic regression analysis was conducted to identify the 

variables that correlated with the occurrence of NS and nodding episodes among the study 

participants, controlling for age and sex and progressing from baseline to follow-up 9 months 

later. A p-value that was less than 0.05 was considered statistically significant. 

 

RESULTS 

Overall, the mean age of NS children was 11.3 SD+3.4 years with a male to female ratio of 

1.7:1. All NS children had dropped out of school. There was evident improvement of their 

anthropometry with mean weight improved from 26.6SD+7.7Kg to 54.6SD+11.0Kg; mean 

MUAC from 18.2SD+2.2cm to 18.5SD+2.6cm; mean Height from 132.0SD+15.3cm to 

139.0SD+17.6cm; Haemoglobin concentration (Hb) from 11.5SD+1.1g/dl to 12.1 

SD+0.1g/dl); The electrolyte profile changed significantly: Sodium (Na
+
)increased from 

133.7SD+1.2mmol/L to 168.6SD+18.2mmol/L; Potassium (K
+
) increased from 4.3 

SD+0.4mmol/L to 5.3 SD+0.6mmol/L; Chloride (Cl
-
) increased from 96.3 SD+1.3mmol/L to 

120.0SD+12.1mmol/L; Anion Gap (AG) increased from 26.8SD+1.5mmo/L to 

43.1SD+5.8mmol/L; and serum bicarbonate (HC03
-
) levels decreased from 10.5 

SD+1.8mmol/L to 5.6SD+3.3mmol/L); indicating a rise in the concentration of sodium, 

potassium, chloride and Anion Gap while a decrease in the serum bicarbonate levels (Table 

1). This could perhaps be attributable to the long term (9 months) treatment with sodium 

valproate and other NS pathology that have not yet been described. 
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Table 1: Test variables in the Longitudinal study (June 2012 and March 2013) 

Variables Mean (SD) Maximum Minimum 

Anthropometric measurements  

MUAC (cm)    

Baseline 18.2(2.2) 23.2 14.5 

Follow-up 18.5(2.6) 24.4 15.3 

Weight (cm)    

Baseline 26.6(7.7) 48.5 12.0 

Follow-up 54.6(11.0) 54.6 16.4 

Height (cm)    

Baseline 132.0(15.3) 156.0 96.0 

Follow-up 139.0(17.6) 158.0 101.0 

Haematological Parameters   

Neutrophils (%)    

Baseline 37.5(8.5) 24.7 20.4 

Follow-up 33.9(3.3) 54.5 45.1 

Lymphocytes (%)    

Baseline 42.5(9.4) 61.7 26.0 

Follow-up 45.5(9.8) 57.9 29.5 

Monocytes (%)    

Baseline 8.1(2.4) 13 3.9 

Follow-up 8.6(2.5) 13.1 4.6 

Eosinophils (%)    

Baseline 11.1(6.2) 23.0 0.6 

Follow-up 11.7(7.4) 33.0 1.8 

Basophils (%)    

Baseline 0.5(0.3) 1.0 0.1 

Follow-up 0.3(0.2) 0.7 0.1 

Red blood cells (RBCs)   

Baseline 4.6(2.3) 5.8 4.0 

Follow-up 5.0(0.4) 5.8 4.1 

Haemoglobin concentration (Hb)  

Baseline 11.5(1.1) 14.1 9.9 

Follow-up 12.1(0.9) 13.6 10.5 

Anion Gap (AG)    

Baseline 26.8(1.5) 29.9 25.0 

Follow-up 43.1(5.8) 53.4 28.5 

 

SD: Standard Deviation; MUAC: Mid-Upper-Arm-Circumference; AG: Anion Gap (Normal 

range: 8.0-16mmol/L); Hb: Haemoglobin concentration (Normal ranges: 12.0-18.0g/dL). 
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Table 2: The multivariable Logistic regression analysis of MUAC controlling for age 

and sex. 

MUAC(cm) Coef. Std. error z p>(z) 95% (Confidence Interval) 

Follow-up 0.752 0.486 1.55 0.122 0.20, 1.71 

Sex(male) -1.357 0.710 1.91 0.056 -2.75, 0.04 

Age(yrs) 0.378 0.103 3.69 0.000 0.18, 0.58 

MUAC(constant) 14.73 1.36 10.83 0.000 12.06, 17.39 

 

A total of 19 children were followed up and MUAC changes observed. The mean MUAC did 

not to statistically and significantly vary between baseline and follow-up; accounting for age 

and sex. Male NS children tended to have lower MUAC compared to females, 1.36(p=0.000). 

 

Table 3: The Random - effectsparameter of MUAC in the 19NS children using a linear 

regression analysis. 

 
Estimate Std. error 95% Confidence Interval 

St(cm) 1.060 0.374 0.531, 2.118 

St(Residual) 1.465 0.238 1.066, 2.014 

 

Linear regression test versus Linear model (Chi Square test) (χ
2
) =2.39; p=0.0611. The 

finding showed that there was an associated improvement in MUAC from baseline to follow-

up although the change did not reach statistical significance (9 months later). 

 

 

Figure 1: Changes in Height (cm) of the 19 NS children over a period of 9 months. 

 

Figure 1 shows changes in height of 19 NS children observed over a period of 9 months at 

HfH centre. The graphs show varying degree of changes in height of individual NS children 

from baseline (Blue line) to Follow-up (Red line). 
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Figure 2: Weight and MUAC of NS children seen 9 months from baseline. 

 

Figure 2 shows the changes in the MUAC (cm) and weight (kg) of 19 NS children from 

baseline in June 2012 and follow-up in March 2013 following a 9 months at the HfH centre. 

The MUAC showed a near uniform improvement for each NS child from baseline (Blue 

lines) to the follow-up (Red lines). The second graph shows the changes in weight (Kg) of 

NS children over the same period and there is a uniform positive pattern which was staggered 

to individual child from baseline (Green lines) to follow-up visit 9 months later (violet lines). 

 

 

Figure 3: MUAC changes from baseline to followup by sex of NS children. 

 

Figure 3 shows positive changes in MUAC in NS children by age from baseline to follow up 

(Fup1); The female improved from an average 18.5cm at baseline to 19.5 cm at follow-up. 

Similarly for the males, MUAC changed from mean 17.5cm to about 18.5cm. The mean 
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MUAC however, did not statistically and significantly vary between baseline and follow-up 

while controlling for age and sex (χ
2
)=2.39; p=0.0611. Male NS children had lower MUAC 

compared to females, 1.36(p=0.000) and this was statistically significant. 

 

 

Figure 4: The blood parameters seen in 19 NS children over the 9 months. 

 

Figure 4 shows uniform pattern in blood parameters with the RBC remaining constant for the 

1
st
 visit (green line) and slightly higher at follow up visit (violet line). The WBC for the 1

st
 

visit (blue line) was within normal ranges but for the follow-up findings (red lines); one 

patient who had a suppurative infection at the time, had total WBC above the normal ranges. 

The Hb (light blue) in the 1
st
 visit was generally lower than those in the follow-up visit (Pink 

lines). This further confirms the improved nutritional status of the NS children followed over 

the period at the centre. 

 

 

Figure 5: Changes in electrolyte profile in NS children seen after. 
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Figure 5 Shows the sodium concentration at baseline (Blue lines) which shows a near 

uniform pattern among the NS children and within the normal range (135-145mmol/L) while 

the follow-up patern (Red lines) shows a raised level of Na
+
 and mostly above the upper 

normal limit, an indication of hypernatraemic state. This could perhaps be attributed to the 

introduction of sodium valproate treatment to the NS patients.The chloride level at baseline 

(Green lines) was near uniformly distributed among the NS children within the normal ranges 

(96-106mmol/L) while in the follow-up period the level of Chloride (Violet lines) had 

increased in all the NS children above the normal ranges (95-105mmol/L). 

 

 

Figure 6: Changing pattern of electrolyte profile of NS seen in 9 months. 

 

Figure 6 shows the varying pattern of electrolyte measurments in NS children. The AG 

increased in all NS children and was still associated with nodding episodes (light Blue and 

pink lines) from baseline and to followup. The bicarbonate levels (HC03
_
) (Green and violet 

lines) at baseline and followup respectively were decreased in all NS children. The Potassum 

levels (K
+
) (Deep Blue and Red lines) at baseline and followup respectively were increased in 

all NS children. 
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Figure 7: Changes in Anion Gap in NS children seen in 9 months 

 

Figure 7 shows changes in mean Anion Gap (AG) from baseline to follow-up among male 

and female NS patients. It was statistically and significantly higher at follow-up (Fup1) 

compared to baseline, 16.4(p<0.001). In addition, AG was statistically and significantly lower 

among younger NS children, 4.35(p=0.002). 

 

DISCUSSION 

This longitudinal study showed that the mean age of NS children was 11.3 SD+3.4 years and 

the male to female ratio was 1.7:1 (Table 1). The majority had shown improvement in their 

physical growth and development (Table 1) however, most NS children were still 

experiencing nodding episodes at varying frequencies although generally reduced number per 

day. Their mental, cognitive and psychological status had markedly improved but still 

experienced episodes of emotional, behavioural and perceptual difficulties. 

 

Anthropometric measurements 

The weight, height and MUAC improved in nearly all NS children (Table 1; Figure 1; 2 & 3). 

Comparative analysis between the two sexes using Logistic regression analysis showed that 

female NS children had much more improvement in MUAC compared to their male 

counterpart (Figure 3). The reason for this observation still remains unknown. Similarly for 

unknown reasons, male NS children had smaller MUAC compared to their female 

counterparts, 1.36(p=0.000) (Table 2 & 3). However, the mean MUAC did not statistically 

and significantly vary between baseline and follow-up when controlled for age and sex 

(Table 3). Meanwhile the height and weight of individual NS child improved significantly 

contrary to earlier reports that NS children do not grow and could not gain weight. The height 
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and weight gains were however more of a catch up process and not comparable to healthy 

children of the same age and sex (z-scores). 

 

Haematological blood parameters 

The haematological parameters showed remarkable improvement as shown by the increased 

haemoglobin concentration (Hb), Haematocrit and Red blood counts (RBCs); an indication 

perhaps that the rehabilitation process was improving the nutritional status of NS children 

(Table 1; Figure 4). The White Blood Counts (WBC) was mainly within normal ranges; 

however, one patient had a very high total WBC which was mainly attributed to the 

suppurative infection (pyomyositis) he experienced in the follow-up period. Of special 

interest were the WBC differentials particularly the Neutrophils and Leucocytes which were 

within the normal ranges at baseline and follow-up however, the Eosinophils, Basophils and 

Monocytes were generally higher than the normal ranges (Table 1; Figure 4). This may be in 

part a result of helminthes infection or others, perhaps the nematode, Onchocerca Volvulus 

infection or the effects of the ongoing Ivermectin treatment which could be contributing to 

this observation. 

 

In humans, eosinophils play two main roles in immune system regulation and modulation. 

First, they destroy foreign substances by consuming them for example; they fight substances 

related to parasitic infection that have been flagged for destruction by the immune system. 

Secondly, they regulate inflammation in humans and this play a beneficial role in isolating 

and controlling a disease site. But sometimes inflammation may be greater than it is 

necessary, which could lead to devastating symptoms or even tissue damage. The typical 

example is that eosinophils play a key role in symptoms of asthma and allergies, such as hay 

fever. In addition, other immune system disorders can also contribute to chronic 

inflammation. This can be caused by a variety of factors, including: Parasitic and fungal 

diseases; allergies including those to medications or food, adrenal conditions, skin disorders, 

toxins, autoimmune diseases, endocrine disorders and tumours. This could be suggested since 

previous reports had indicated that over 70% of NS children were infested with OV and other 

intestinal worms.
[8,9]

 This author suggests that perhaps the food eaten in the IDP (some of 

which were foreign to the children GIT microbiome), several toxic IDP environment and OV 

infection and treatment with ivermectin may be contributing to the eosinophilia 

observed.
[8,9,18,19,21]

 

 

 

http://www.mayoclinic.org/diseases-conditions/allergies/home/ovc-20270181
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Biochemical blood parameters 

The electrolyte pattern showed a significant increase in the levels of K
+
, Na

+
, and Cl

-
 from 

baseline to follow-up well above the normal ranges (Table 1; Figure 5 & 6). Perhaps this 

observation is a result of the ongoing treatment of NS children with an anticonvulsant, 

sodium valproate which was being used for the control of seizures and nodding for 9 months. 

Important to note was the decreased level of bicarbonate from baseline to follow-up (Figure 

5 & 6). It was not clear why the serum bicarbonate level had significantly decreased; perhaps 

a factor is responsible for this decrease or it could have been a homeostatic process to counter 

the high cations levels observed.
[8,18,19,21]

 Previous studies on NS children had suggested a 

high anion gap metabolic acidosis as the cause and that perhaps a mitochondrial disorder may 

have been in part contributing to this observation.
[8,18,19,21,23,28]

 

 

High Anion Gap (AG) 

The Anion Gap plot by sex shows a progressive increase from baseline to the follow-up 

(Figure 7). This was mainly attributable to the rising levels of the cation (Na
+
) and depletion 

of the bicarbonate (HC03
_
) level. In addition, previous findings had shown a rise in the level 

of chloride which was not comparable to (Na
+
) level and hence the high Anion 

Gap.
[8,18,19,21,23]

 The mean AG was statistically and significantly higher at follow-up 

compared to baseline 16.4(p<0.001). In addition, AG was significantly lower among younger 

than older NS children, 4.35(p=0.002) (Figure 7) and no definite explanation could be given 

at this stage. It was observed that during the follow up period, all NS children still 

experienced episodes of nodding but at reduced frequencies. This author suggests that 

perhaps the high Anion Gap could be part of the aetiology or effects of NS pathology or the 

treatment with Sodium valproate which could be a contributing factor for this 

phenomenon.
[8,18,19,21,23,28]

 

 

Experience with treatment and rehabilitation of NS children 

The treatment and rehabilitation outcomes at the Hope for HumaNs (HfH) have registered 

positive results with improved MUAC, height, weight and haematological indices (Table 

1).
[28]

 The comprehensive multidisciplinary rehabilitation approach (by correcting protein-

energy deficiency using MAMA local nutritional food supplements and vitamin-related 

malnutrition, de-worming, use of antifungals and anti‐seizure medications (sodium valproate 

with/or without Carbamazepine); close monitoring; tailored dosing and adjustments; special 

needs education program and counselling) pioneered by Hope for HumaNs at their Odek 
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rehabilitation centre has proven clinically transformative (steady growth, improved emotional 

and marked seizure reduction status - though greater among males than females for unknown 

reasons).
[8,9,23,28]

 It was noted though that these NS children even after 9 months after 

treatment and rehabilitation still experienced cognitive, behavioural and social difficulties at 

HfH centre.
[9,23,28]

 

 

Limitation of this study 

1. This study was a longitudinal study which was conducted on a limited number of NS 

patients (19) within a period of nine months which may have perhaps not been long 

enough to draw substantive conclusion. 

 

Strengths of the study 

1. This is one of the few longitudinal studies that have been conducted to evaluate the 

rehabilitation and treatment outcomes of NS children at the HfH centre. 

2. This study was conducted in a well organized rehabilitation centre (HfH) that has been 

operational since 2012 and the majority of the NS children have shown remarkable 

improvement though NS children still faced emotional, cognitive and perceptual 

disturbances. 

3. The study was conducted in this community of Aromowang lobo, Odek Sub County, 

Gulu District, Northern Uganda with a very high burden of Nodding Syndrome. 

 

CONCLUSION 

Nodding Syndrome is childhood neurological disorder which has been identified in Northern 

Uganda, South Sudan and Tanzania and the cause is not yet known. However, this 

longitudinal study has demonstrated remarkable improvement in the general condition of NS 

children shown by increased height, improved MUAC, weight and haematological indices. In 

addition, there was an increased Anion Gap (AG), an indication of an increasing metabolic 

acidosis. The Anion Gap was significantly lower in younger NS children and was still 

associated with nodding episodes. We therefore still need to follow up these NS children that 

were enrolled at the centre from June 2012 to 2017 so as to allow the researchers to observe 

trends and conduct survival analysis, five years after enrolment into this centre. We hope this 

small pilot study serves as an impetus to publish and undertake more longitudinal studies on 

NS children. 
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