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Learning objectives

* Provide an overview of nodding syndrome
— History
— Clinical manifestations
— Summary of studies aetiology
— Preliminary studies on outcomes

* Invite suggestions on a way forward


http://www.go2pdf.com

Nodding
Syndrome; a
mystery?

CMA]

Nodding disease confounds clinicians

ary Odong sils om the (loor

of a climic in nonhern

Ugamda as her focd stans oo
iwisch. Her body goes rigid and she
drops 1o the mat, spasvming several
temars mndd whimnpering. She hegins io
ory and hab her hesd like 8 pendudum
gone smok

The 15-year-old girl is sufTering
from “nodding discase,”™ or nodding
symdrome, s some call il a disabling
and vilen (atal conditen characlerined
by mokdimp seiruers, 1 iypically alflicis
children hetwoen the ages of 3 and 13
The selzures ofien begin when o child
cafs of feels cobd. The ensisng pathol-
ogy is harshc menial reiandstion, s dam-
apod hippocamgus, sumiad gromih
There is no cane, and irealmend s

largely conlined 1o symptomatic nelicf
in the form of asticonvulsents. The
caiise el podding discass remanms a
mysiery. [ was fird idenlified i iso-
laled, mauniairoms Commanilies in
Tarwanis in the s,

By the middle part of the 2000s, i
was mcreanngly found o Uganda and
Sontth Soddan, particelarly alosg the Yei
River. lesling mamy to surmise a link w
e pasrasisic worm Onchocema vahwmlus,
Wt catngs Frved Blemadness (wawoma)
o Bk o100 | S0 %oy CFI06 1 )

Bui the worm is commsmnly (o in
arcms with no ncelence of dseane, mnd
the evidence dovsa'l appear o frmby
sppant a caimal link between the twn.
Nor does the evilence sippon. another
posiidate, sich o whether (e docase
in canwnd by comuming chemacally
conaminalod monkey moat of by a val-
aman deficiency

I o rickelle, mays D Scoti Dol
derocior of the Liniled Staies Centers for
Dhsease Control™s Division of (lobal Dis-
case Do tion and Emergency Respores,
whi was dispasched 10 Uganda in 200K
with a wam of epskeriaokopiss ke foog osil
U s v e O,

' quite chear mow tha thes is goemg
1o ke & while o figune oui and that we

meod o be in this for the long haul,
B (he Eiwaaors a0 fudl s ampds of
seraight forwanl” sy Dowdell

The team han. rild ool mone han M0
dilferend hypotheses, inchsling one that
modding discass — which now afllics
Mok Chikdren e Llganda, sooonding W
the couniry's misisiry of bealth — was
the product of chemécal weapoms. used
m ihe war between the Ugandas pov-
eramenl and the rebel Lond's Resis-
o ATy,

Virus testing im I8 families has
revealend poghieg. e Dowadell remasns
Bl st 3 bink can w2l e Tosind 1 &
parzsiie from he Onchocendicas Bemily,
Recent skin snips tsken from paticnis in
Uganda and South Smdan have revealed
Bph rales of miectieon with mcrolilana
from that family of parasiles, be wys,
sdding thal mfection will microfilaria
“is a kol Mo comemon i he noddmg
symlrome palients than the coslmols
Thust b boven o consistont fnding in the
studies that we have dome ™
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NEWS

Ugandan authorities deal with a mysterious ailment
that leaves people nodding continuously

Henry Wasswa
iy

Uparsdam health authoniies lave lesached sirstepies udeal with
& sirsage disease thal has lefl dosens of people dead in ihe sovih
ol ¥he cosamiry anad 3000 oelsers, mostly childien, nodkling
coaimwsisly.

The ailment. which was firs deteced in 2008, has mosily
allocind pevple in e tiee disticts of Kigum, Lamsn, asd
Pacler bui hars alio spread im recemt weeks o iwo other districi
ol Agaps sl Anwru. Thime alfecsnd Becoene sevrecly weak,

Larwrence O, the disecior for Katgum Hespaial mn the Achals
region of northemn Ugssda, ohd e S5 ihal “there are mamy
patirnis b Brvught for theatnom bul tere ane masy meen
in ke commmunity.”

Tihe WHIH says i the dlinee wan (it detecied in
mriphbsmrng Tansama o the |k arad Lt on St Sodan
Ajpgeog | it bs ieguired b e the discaas,
witich i ol comtagion., said Dy Fisseha.

hane ipemibrling hameds. po inbir copniiing de s, smd

mrmrimsarass b woul rhesly hads

e healeh mininary. which lminched sn invesiigstion inke the
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Nodding syndrome leaves baffled scientists shaking their heads

opise Tikek-Aall was & young Morwegian
srsician working in the Mahenge mountains
o Tanrania in the 1960, when she noticed
hat an unosssl nember of people there
uffered from a debilitating commulie
Bsorder preceded by 3 pecaliar symptom: in
hildbood, their heads would bob back and
oty e enaneties o @ timee. The head nodding
miaally sopped before the pemeral seizuses sl
o Bt when the epdlepsy staned, the chikiren
deri typhcally weaker and of lesser inteflligence
han otler children of the same age. often
vith newrological symplims nol seen i
weople with general eptlepay. The discass was
unexplainable to me” recall Dikck- Asll, now
prudessodt emerita al the Univerutty of Reitish
“odusmibela in Vaes otrver

For year the disrase remained an isolated
aldety. Bt over the past decade. phynicum
wgan ohserving this ‘nodding syndrome’ in
everal Alrican countries, whete B continue
o perplex pescarchers o this day. “Mobody has
ot been abile 1o find am explanation.” sy Jilek-
all, “and we are nof sare thal we ane always
lescribing the same phonomenon”

The latest aftemned fo find an evrlanation

tadoem firoen children with and without podding
syndrome for signs of The infection

Reporting in the 37 famuary Saoe of the
Morbidity and Moriakly Weokly Report (81,
52-54, 2002}, the researchirs found that 22
of 25 children with nodding symdiome in one
South Sudanese community had the parasitic
infection compared o 10 of 25 healihy
controbs. Bat the CDC team failed 1o find
any such difference in the second village they
Wit with aroumd half of all individuals there
infected with the worm whether or not they
oo fiom nodding smdrome

“m i sl o significant fnding thal there
hosome soocisiion with onchocerciads
and tells ws this §s one difection we dhould
conlinae o parsse” wyn Sodhir Bunga, the
CIRC epsdemicdogind who bed the lalest study,
However, Bunga is qaick to point out that the
ofwerved sinociation doe nol necesardy imply
a cauative relstionship. “We do nol know
whether the infection with onchocerciais
excurred beore of afer the onset of nodding
symdmome.” he sava. “The akin soip ondy tellsas
that they are currently possiive™

The findines are larecly conddend wilh

0, JO0R- 1015, 2006 ). Last sutuman, the CTC
aho sent scientinty 10 Uganda @0 investigate
more than 1000 cases. of modding symdrome
there. Although the results have vet 1o be
published, agency imsiders sy the asockation
with the river blindnes parasite is stmilar to
that reported from the frd Sosth Sodaniese
commuanity, with a positive sociation
Ietwoen the worm anad the symdrome

As Nuture Mediving wenl bo press. data from
ather candidate deiveri of diseki — nduding
vitamin deficences. penetic marken and
worm-specific antiboddies—were still being
snalyzed from the Sodanese and Ugandan
coshuoarts bt b nok beeen reported publacally
“We huve managed o fule ool wime paolential
msoacistions” Bunga sy of his leamy
unpublished findings. “Bul ot the same time
w still have multiple roules of invesbigation io

P

Heading off nodding

Even wathoul definttive evidence of nodding
wridromes ool caute. the CDC imlends 1o
mavee ahead with nterventional drug triak
“Wie nlan to asuess the effectivencss of standard
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Historical perspectives

 First described by Dr Aall
L Jilek —in 1960’s

— Repetitive involuntary
head nodding among
Wapogoro tribe -
Mahenge, Tanganyika- =
Aall-Jilek et al 1962, 1965. G b

— Descriptions by WHO S A
teams in South Sudan P
2001/2 o

— More detailed descriptions == o
by Winkler et al 2008,
2010

T
i
.-

Photo by Prof Andrea Winkler
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Countries known to have cases

Tanzania (Southern)
Uganda (Northern)
South Sudan (Western)
Non-contiguous areas

— Endemic for Onchocerciasis

South Swdan
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What Is the burden?

e Exact number unknown
e Estimates 5000 — 8000 cases
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What is the burden of Nodding
Syndrome in Uganda?

Patients with Suspected nodding | Patients with other
suspected nodding | syndrome patients | epilepsies receiving
treatment at the

District

syndrome in phase 1 | receiving treatment

community survey centres same centres
Amuru - 61 62
Gulu - 333 515
Kitgum 1,086 1,321 2,034
Lamwo 489 349 122
Lira - 13 344
Pader 1,982 1,210 1,252
Oyam - 8 860
Total 3,545** 3,295 5,189
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Distribution by County In Western
Equatoria State - 2011

1156

560 600
311
J 3
Maridi Ibba Mundri W Mundri E Mvolo

Slide Courtesy of Dr Lul Riek
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Clinical descriptions

Winkler et al. The head nodding syndrome; clinical
classification and possible causes. Epilepsia
2008;49(12):2008-15.

Nyangura et al. Investigation into the nodding syndrome in
Witto Payam, Western Equatoria State. South Sudan Med |
2011; 4(1):3-6.

Sejvar et al. Clinical, neurological, & electrophysiological
features of nodding syndrome in Kitgum, Uganda. Lancet
Neurol 2013; 12: 166-174.

Idro et al. Nodding syndrome in Ugandan children — Clinical
features, brain imaging and complications. BMJ Open 2013;
3:2002540
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Slide Courtesy of CDC and MOH, Uganda Year of Onset
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Case Count (n)
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What are the main features of
Nodding Syndrome?

 Early manifestations
— Not well described

— Initial period of
Increasing
Inattention, dizzy
spells, withdrawal

— Head nodding

* While eating or on
sight of food; cool
weather/breeze or
unprovoked

* Increasing frequency
and clusters
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Subsequent features and
complications

— Development of other seizures 1-3 yrs
after onset of symptoms
» Mostly GTCs
» Focal, myoclonic, atypical absences
— Cognitive decline
« Many drop out of school 1-2 yrs later
 Drooling, Speech difficulties
— Psychiatric manifestations
— Malnutrition

— Growth failure/stunting and delayed
sexual development

— Musculoskeletal abnormalities

» Muscular wasting, contractures

» Deformities of the chest, back, hands,
legs(knees) and feet/ankles, lip changes
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Physical growth,
sexual development
and stunting

Biological siblings: - 13 yr
old boy with nodding
syndrome and severe
stunting together with his
16 yr and 17yr old siblings;
increase in height in that
order

-\-.l

Photo Courtesy of Dr Hanifa Namusoke
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Lip Changes

Lip Changes stage 3

Lip Changes stage 4
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Flexion deformities and contractures  Kyphosis and pectus deformity
around the knee joint and the foot. of the chest
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Electrodecrement Atonia Head nodding

(brain waves flatten) (Loss of muscle  happens during
\ tone In ”%k) Atonic Seizure
$
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EEG recording In light sleep, no clinical

events
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Proposed clinical staging/ Natural history

e« Stagel - Prodromal period

— Reports of “dizziness”, inattention, excessive sleep,
lethargy, blank stares

e Stage2 - Development of head nodding
— Associated with onset of cognitive decline and behavior
problems
e Stage3 - Development of other seizure types
o Stage4 - Development of multiple

complications
— Developed 4-8 years after initial symptoms
— Associated with marked functional regression

e Stage5 - Severely debilitated child
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Joint WHO, CDC, UKAID and Uganda
MOH

Decided on
— A name — NS

— A criteria for diagnosis
o Suspected NS

: | « Probable NS

== e Confirmed NS

1Y World .
S ﬂrgraniggfim m e
LY o
INTERNATIONAL SCIENTIFIE jEppee:

ir.. f i JUI:“ : M ! ug“st’ ZE]
k } a HduN
f. n
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WHOQ Case definitions — Jul 2012

o Suspected case

— Reported head nodding™* on 2 more occasions in a previously normal
person

e Probable case
— Suspect case of head nodding, with

— Both Major Criteria
» Age of onset of nodding between 3-18y
* Frequency of nodding 5-20/minute

— Plus at least one of the following Minor Criteria
» Other neurological abnormalities
 Clustering in space or time with similar cases
Triggering by food, cold weather
Stunting or wasting
Delayed sexual or physical development
Psychiatric symptoms

e Confirmed case
— Probable and

— Documented nodding episode
» By atrained health care worker or
 Videotaped nodding episode, or
» Video/EEG/EMG
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Behaviour and psychiatric features

« Wandering behaviour or running away.
— Some tied with ropes at home to restrain them.

— Aggressive behaviour - In 6/22(27%) - 4-6 years after
onset of nodding.

— Ictal event in one
 Emotional problems - 12/22 (55%)

 Mood problems - 8 (36%)

— Clinical depression
— Insomnia in 5.

* Psychotic symptoms + disorganised behaviour in 1
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Cognitive function in 3 children with
nodding syndrome on the KABC 2"d Ed

Domain Patient 1 Patient 2 Patient 3
Male 13 years Male 15 years Male 15 years

Score Age Score Age Score Age
equivalent equivalent equivalent
In years In years In years
Working memory 8 <5 7 <5 21 =5
Planning 7 <8 1 <5 3 <5
Learning 28 <5 28 <5 54 =5
Visual spatial 0 <5 0 <5 31 <5

Knowledge 11 <5 5 <5 52 <8
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Possible Etiologies & Risk Factors Studied
Infections

Environment

Certain foods

Nutritional deficiencies

Genetics
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Nodding Syndrome and Onchocerca
volvulus skin-snip results in 3 case-
control studies, South Sudan
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Environmental toxins and nodding syndrome

Environmental

Domestic water source
Exposure to ill animals
Swimming in river/pond

Food

Infectious Disease

History of
Malaria, pneumonia,
diarrhea, tape worm

Medical

Consumption of
Spoiled foods, plant
seeds, bush meat/brain,
Insects, cassava, river
fish, supplements
History of malnutrition

Use of traditional medicines
(except roots)
History of head injury

Slide Courtesy of Drs Scott and Sejvar, CDC
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Infectious agents and nodding syndrome;

Preliminary results

Test

Results
Infectious

Trypanosomiasis serology (gambiense) All negative

Hepatitis E serology qgmsc) (-) 52% cases, 58% controls

Malaria blood smears (-) 93% cases, 92% controls
Measles PCR on CSF Negative

Pathogen Discovery
Pan-Viral nucleic acid & random primer assay serum, csr) Negative

Slide Courtesy of Drs Scott and Sejvar, CDC


http://www.go2pdf.com

Assoclation with parasites

Investigator and Cases | Controls
Country

Malaria Foltz, Uganda 98% 95%
Trypanosomiasis Foltz, Uganda - - 36 tested
Trypanosomiasis Tumwine, South Sudan - - 69 tested
Cysticercosis Foltz, Uganda - - None on 5 MRI
Prion disease |dro, Uganda - 19 EEG &MRI
Sejvar, Uganda EEG and MRI
Winkler, Tanzania EEG and MRI
Onchocerciasis Tumwine, South 93% 44% SKin snip
Sudan, 2002 microfilaria
Foltz, Uganda 95% 49% Antibody based
Mansonella Tumwine, South Sudan  52% 31% No Loa Loa or

lymphatic filariasis
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Mycotoxins as a possible cause of NS?

e Possible role of food contamination of cereals in IPD
camps
— Sorghum, is prone to spoilage by Fusarium verticillioides
which elaborates fumonisin B1,

 Blocks sphingolipid synthesis and causes leukoencephalomalacia in
horses and hippocampal lesions in laboratory species

— Aspergillus ochraceus and Penicillium verrusosum that
elaborate ochratoxin A,
« a mitochondrial toxin with renal and neurotoxic potential
— Ochratoxin & other mycotoxins Aspergillus (aflatoxin B1)
and Fusarium spp. (trichothecenes) inhibit RNA and/or
protein synthesis - growth and development.
— Other grass-related tremorgenic mycotoxins

 induce tremulousness in cattle by perturbing neurotransmitter
function
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Toxicology or deficiency?

e ToXINs
— Mercury
— Arsenic
— Copper
— Lead
— Thiocynates
— Homocysteine

e Deficiencies

— Vitamin B12/Cobalamin, vitamin A, folate
— Vitamin B6
— Zinc, selenium,
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Micronutrients and Nodding syndrome

Test Results*

Nutrition
Serum B6 Low in 73% cases, 64% friend controls
Serum B12 Low in 8% cases, 8% friend controls
RBC Folate Low in 9% cases, 0% friend controls

Serum Vitamin A

Urine Homocysteine
Urine Thiocyanates

Toxicology
Serum Copper
Urine Mercury
Serum Selenium
Serum Zinc

Low in 40% cases, 33% friend controls

All normal
All normal

All normal

All normal

Low in all

Low in 47% cases, 67% friend controls

* Preliminary results.

Low values for nutrition results: PLP <20 nmol/L, B12 <200 pg/mL, folate <317 nmol/L, vitamin A <20 ?g/dL.
Normal toxicology reference ranges: copper 60-249 ?7g/dL, selenium 113-130 ?¢/L, zinc 70-120 ?¢/dL, mercury 0.42-3.19 ?¢/L.
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Other causes?

* Genetic mutations? (Exon sequencing in two
patients — Uganda and Sudan)

 Neuro-inflammation?
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Principles of Management of Nodding
Syndrome in Uganda

Treatment guidelines developed by a
multidisciplinary team of clinicians, nurses,
and therapists

162 specially trained health workers provide
care in 7 treatment centres based on the
national guidelines

The goal of treatment is to relieve symptomes,
prevent disability and offer rehabilitation to
improve function.

* Inthe absence of a known cause, care is symptomatic.

— Initial management focuses on the most urgent needs

Important needs are seizure control, behavior
and psychiatric difficulties, nursing care,
nutritional and subsequently, physical and
cognitive rehabilitation.
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Nutritional management; challenges

*Ready to use therapeutic feeds - severe malnutrition
Supplemental feeding — in hospital and in the community

*Monitoring with anthropometry
* Challenges wi

Handicapped due to accidents suffered when fits occur e.g. lost limbs
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Audit of the nodding syndrome outcomes
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Outcomes of Nodding syndrome 12 months
after intervention; Preliminary observations

_ Nodding syndrome, N=302

Before
Daily mean No. of 6
clusters of head nods
Daily mean No. of 4.5
other seizure types
Attending school 97

(32.1%) (41.6%)

Percentage weight -
gain, kg %

After

2.2

1.9

124

12.8

Other convulsive

epilepsies, N=300

P Before After P value
value
<0.001
<0.001 4.4 1.8 <0.001
<0.001 83 153 <0.001

(27.7%) (51.0%)
i 15.6
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Reduction in the daily mean No. of clusters of
head nods and other seizures with treatment

o (o N w ~ ol (op} ~
| | | | | | |

m Before

B NOow

Daily mean No. of Clusters of head
nods

m Before

m Now

Other seizures
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Conclusions

Nodding syndrome is an epidemic neurologic
disorder manifesting as a symptomatic
generalized epilepsy syndrome with
encephalopathy

It Is associated with multiple physical and
functional disabilities.

Children improve with symptomatic care.

Studies of aetiology and pathogenesis, evidence
based treatment and rehabilitation strategies are
urgently needed.
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