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Abstract: Nodding syndrome is an enigmatic neuropsychiatric and epileptiform disorder
associated with psychomotor, mental, and physical growth retardation. The disorder affects
otherwise previously normal children aged 3—18 years, with a slight preponderance for the male
child. Nodding syndrome has been described in rural regions of some low-income countries
in sub-Saharan Africa including northern Uganda, South Sudan, and a mountainous region
of southern Tanzania. The cause of the disorder has hitherto eluded scientists. Neuroimaging
studies show involvement of the nervous system with associated severe cortical atrophy in the
affected children. The affected communities have generated a number of perceived causes includ-
ing some conspiracy theories related to intentional poisoning of water sources and foods, and
causes related to fumes and chemicals from ammunitions used during civil wars in the affected
regions. From biomedical perspectives, the treatment of the affected children is geared towards
symptoms control and rehabilitation. There is evidence that seizures and behavioral problems
including wandering and episodes of aggressions are controllable with anticonvulsants, espe-
cially sodium valproate and antipsychotics. No treatments have proven effective in reversing
the course of the disorder, and cure remains a distant goal. Community members have used
indigenous medicines, cleansing rituals, and prayer interventions, but have not perceived any
reasonable improvements. A randomized controlled clinical trial is ongoing in northern Uganda
to test the efficacy and effectiveness of doxycycline in the treatment of nodding syndrome. The
hypothesis underlying the doxycycline trial underscores the role of antigenic mimicry: that
antibodies generated against an antigen of a microorganism that resides inside the black fly-
transmitted parasite, Onchocerca volvulus becomes directed against nervous tissue in the brain.
This paper reviews some of the recent advances in researches on the etiologies, pathophysiology,
and treatment of nodding syndrome.
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Introduction

Nodding syndrome (NS) is a neurological medical disorder with epileptiform, psy-
chiatric, and physical manifestations. The etiology and pathogenesis of the disorder
are still poorly understood. The disorder was first documented in Tanzania in the early
1960s.! In the 1980s, a nodding syndrome-like disorder was reported in Liberia.>?
While the cases reported in south Tanzania and Liberia were in endemic proportions,
the disorder was described in epidemic proportions in the Republic of South Sudan
in the early 1990s and in northern Uganda in about 1997 with a peak in 2007.*”°
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Typically, NS affects children, with symptom onset between
the ages of 3 and 18 years, and causes progressive cognitive
dysfunction, neurological deterioration, stunted growth, and
a characteristic nodding of the head.®'*!! Despite extensive
investigations in all three East African countries, very little
is yet known about the cause of NS. The purpose of this
narrative review is to present a concise note on the recent
information and ongoing research hypotheses geared towards
the understanding of this peculiar devastating illness.

The causes of NS

Perceived causes

Once an illness or any calamity of significant magnitude
strikes a society, members of the given society often ask
several key questions in an effort to understand the illness,
possible causes, the name of the illness, how to avert the
illness, the effective treatments, the impact of the illness on
affected persons, and fears regarding the illness: the illness
explanatory model.'>!* The illness explanatory model con-
cept has been used by social and medical anthropologists
to understand illnesses and how to respond to illnesses in
ways that are acceptable and in line with the perceptions
and belief systems of the affected society. The culture of
any given society determines how they react to and cope
with illnesses.!*!* Researchers have used the Kleinman ill-
ness explanatory model for understanding “new illnesses”
and their impacts on society to investigate the perceptions
and beliefs of the NS-affected communities. Studies have
revealed a consistent association of the cause of NS with
war, internal displacement, and food shortages among com-
munities in Northern Uganda.!*'® Majority of community
members in the affected regions believe that NS resulted
from some conditions related to the civil war and the inter-
nally displaced person (IDP) camps where the population
in northern Uganda and South Sudan were forced to live
during the insurgency as a way of protecting them from rebel
brutality. To many commentators however, the IDP camps
offered no protection to the population but was a ripe venue
for torment and sexual abuse.' The populations in the IDP
camps were equally uncomfortable and suspicious of the
intentions of the governments for congesting them in the
camps as the rebels would raid and loot them with impunity
even when in the protected IDP camps.’*! The illness now
known as NS was first observed by the local communities in
Kitgum in about 1997 and later in larger numbers in about
2007 when people were beginning to leave the camps. People
have associated NS with poisons in food and cooking oil
provided to them in the camps, fumes and chemicals from

bombs and ammunitions, and drinking water that were
deliberately poisoned.!’

Second, a substantial proportion of the people in the
affected communities have associated the etiology of NS
with vengeful spirits of innocent people killed, especially
by child-soldiers, during the prolonged civil conflicts. These
dead bodies were in addition not buried according to the tradi-
tions of the people. These spirits therefore “feel” neglected
and disrespected and yet they were killed innocently. It is
thought that the spirits attack children aged 3—18 years for two
reasons; the child-soldiers who were forced to kill them were
about that age, and second, the children in this age group who
are returning home from the camps played with the unburied
remains/bones of the innocently slayed persons.!”?>?3 The
vengeful spirits therefore target the children in this age group.
Related to the spirits, community members also think there
is an element of retribution from their creator for evils that
could have been committed by the forefathers and especially
soldiers in the regimes before the current National Resistance
Movement government. These retributions and curses from
the creator come in the form of evil spirits and target chil-
dren in villages where former soldiers who could have killed
innocent people in other parts of Uganda lived. Families
that participated in causing problems to other people in the
villages are also viewed as targets for the evil spirits, hence
their children contracting NS.!7-3

Members of the affected communities, especially in
northern Uganda, are aware of the association that health
care professionals, researchers, and government propose
between NS and the black fly that spreads river blindness.
However, they do not believe that black flies are reasonably
associated with NS because their communities have lived in
the black flies-affected river banks from time immemorial
and had never before experienced any illness similar to NS.
They report the black flies cause skin and eye diseases but
not NS. They say that the unconfirmed association of NS
with black flies is an escape route and a worthless defense
by the governments that could have ostensibly connived with
the suppliers of poisoned foods and strange thick oils that
could have been extracted from poisonous plants.”* Similarly
in South Sudan, community members associated the onset
of disease with internal displacement due to civil war.?%

Scientific hypotheses on etiology and
pathophysiology

In our review of studies that investigated the possible causes
of NS, the main recurring hypotheses were infections of the
brain with Onchocerca volvulus and NS being a complex

90 submit your manuscript

Dove

Research and Reports in Tropical Medicine 2018:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Nodding syndrome

autoimmune neuroinflammatory disease. The arguments
for and against the plausibility of these hypotheses have
been reviewed in detail elsewhere.?*3! We therefore will not
belabor to discuss all the hypotheses advanced in the above
citations but rather delve into the recent insights on patho-
physiology of NS and ongoing researches pursuing the most
plausible scientific hypothesis, the Onchocerciasis-related
cross-reacting autoantibodies concept. A clinical trial is ongo-
ing in northern Uganda, testing the hypothesis that NS is a
neuroinflammatory autoimmune disorder related to antigenic
mimicry between an O. volvulus protein or an aspect of O.
volvulus endosymbiont, Wolbachia, which contributes to the
survival and longevity of the O. volvulus nematode.’>3 The
central hypothesis in this trial is that if NS indeed results
from and the condition worsens in direct proportion to the
degree of neuroinflammation and autoimmune depositions
into the central nervous system, then reducing the lifespan
of the adult O. volvulus by killing the Wolbachia that sup-
ports its survival and reproduction would significantly lead
to reduction in symptoms and perhaps reversal of the course
of NS in affected children. Wolbachia is highly susceptible
to tetracyclines.*? The current trial is using doxycycline to
eliminate the Wolbachia and then follow-up the affected chil-
dren to observe changes in symptoms and course of NS.33 The
international scientific community are eagerly waiting for the
outcome of this trial which serves both a diagnostic purpose
by indirectly providing evidence about the pathophysiology of
NS and a curative treatment choice for NS. To date, patients
with NS are treated symptomatically with anticonvulsants to
which they show satisfactory improvement.**

Treatments for NS

Perceived treatments

The various perceptions regarding the causes of NS, includ-
ing supernatural causes and deliberately sent evil spirits led
some community members to seek care with traditional and
spiritual healers. Recourse to traditional medicines was also
prompted by the perceived treatment failures with medicines
from health facilities and multiple barriers to health seeking
at the health facilities.? Affected members of the population
sought care from multiple sources, hoping to eventually find
cure.> However, the use of the indigenous approaches also
did not lead to durable relief from NS symptoms. In some
cases, even children of the traditional healers and witchdoc-
tors became affected with NS, leading to loss of hope in the
indigenous practices including cleansing rituals. Community
members who believe in the effectiveness of indigenous rem-
edies expect the healers to provide the best of the remedies

for themselves and their children. And so, if children of the
healers also contract NS and relentlessly suffer from the same,
then it is likely that the indigenous remedies could indeed
not be of value in the management of NS.!7?

Biomedical treatments

There is yet no known cure for NS, mainly because of the
inadequate understanding of the pathophysiology and the
actual cause of NS. In Uganda, current treatment approaches
for NS patients are based on a guideline developed as part
of the Uganda Ministry of Health and World Health Orga-
nization (WHO) clinical response to the disease in 2012.3¢
These guidelines were developed by a multidisciplinary team
including professionals from the Uganda Ministry of Health,
WHO, Mulago and Butabika National Referral and Teaching
hospitals, and academics from Makerere and Gulu Universi-
ties. The multidisciplinary team comprised nurses, epidemi-
ologists and public health specialists, occupational therapists,
nutritionists, pediatricians and a pediatric neurologist, phy-
sicians, psychiatrists, obstetricians, physiotherapists, and
speech and language therapists. This guideline was adopted
as the standard reference for use by NS-affected countries
during the first international scientific conference on NS in
Kampala, Uganda in August 2012.>” The recommended treat-
ments are based on symptoms and rehabilitation measures
to ensure optimal functioning by the affected children.’® A
review of over 500 patients in more than ten NS treatment
health facilities in northern Uganda revealed reasonable
symptoms control with use of anticonvulsants, nutritional
support, psychotropic medications, and physical therapies
based on this treatment guideline.** Since the observation
that seizures in NS respond appropriately to anticonvulsants
and because there are no known causes to target, the objec-
tive of treatment in NS has been to relieve symptoms, offer
primary and secondary prevention for disability, and reha-
bilitation to improve function.***¢ The current anticonvulsant
of choice in treatment of NS is sodium valproate (Valparin®
200mg, Torrent Pharmaceutical Ltd., Mehsana, India).
Sodium valproate is also active against some behavioral
difficulties like aggression and impulsive behavior. Sodium
valproate is administered, starting with a dose of 10 mg/
kg/d in two divided doses and then increasing the dose by 5
mg/kg/d until seizure control is achieved or the maximum
dose of 40 mg/kg/d in children is reached. Sodium valpro-
ate has been shown to improve overall burden of seizures in
children with NS as well as improvements in background
electroencephalogram (EEG). The second line antiepileptic
agent is lamotrigine (Lamotrigine TEVA 100mg, TEVA UK
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Limited, Eastbourne, UK), given at a dose of 1-10 mg/kg/d
in 1-2 divided doses with a maximum of 200 mg daily in
children under 12 years and 400 mg for children 12 years or
older.3*3¢ In all NS-affected sub-Saharan African countries,
WHO recommends use of anticonvulsants including car-
bamazepine (Tegretol® 200mg, Novartis Farma SpA, Torre
Annunziata, Italy) and sodium valproate.*3* However, there
are a couple of concerns with use of antiepileptic medicines
in the treatment and control of symptoms for NS including
that sodium valproate can lead to congenital malformations
when used in pregnant women, yet many NS-affected females
are entering the reproductive age.?” Second, the availability
of the anticonvulsants in health facilities in Uganda, and
most sub-Saharan African countries, is very limited. This
treatment gap is likely to severely affect effectiveness of NS
treatment and control programs in these countries.***? The
ongoing clinical trial in Uganda, assessing the effectiveness
of doxycycline in the treatment of NS, could elucidate the
pathophysiology and revolutionize the treatment and control
of NS in sub-Saharan African countries.*

Conclusion

Knowledge of the causative agents and/or pathogenesis of
NS is necessary for development of specific drug therapy
that could lead to cure of NS as well as inform strategies
for prevention. Specific treatments for NS are urgently
needed to reverse the miserable health states of the NS-
affected children. Current treatments for NS include use
of anticonvulsants, especially sodium valproate for seizure
control, and behavioral modifications including agitation
and aggression in affected children. While NS is still
limited to a few regions of three countries in sub-Saharan
Africa, the disorder could potentially cause an epidemic in
other O. volvulus-endemic areas of the world, leading to
an international catastrophe and untold miseries on a large
scale. Further studies are therefore needed to unmask this
peculiar illness and thereby forge a clear approach for the
management and prevention of NS.
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