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2, TITLE OF PROJECT (Capital letters)

DISORDER FPOLLOWING MEASLES/RUBELLA VACCINATION

3. OBJECTIVE (eg hypothesis which it is intended to test)

We will test the hypothesis that in genctically siscentible ehildren, meastes vaccination is
associuted with perslstent enteric (and possibly CNS) infection, eatoritis and malshsorption
of vitumin B12. In the rapidly myelinating brain, which is particularly susceptible to vitamin
B12 deficiency, the Intter predisposes to encephalopathy, :

This encepablopathy may, in the future, be amenable 1o replacement of B12, and control of
the putative underlying eateritis,

4, DESIGN OF THE STUDY (describe briefly, including proposed methods for the
analysis of results):

Children, referred either by their GP, or via the vitamin B12 unit at the Chelsea and
Westminster Hospital, who menifest disintegrative disorder and symptoms and signs of
intestinal disease will be admitted to Malcolm ward for 3 period of oue week, under the care
of Professor J Walker-Smith. With fully informed parental consent, children will undergo the
foliowing iavestigations in an attempt to characterise the intestinal and corebral patbologies
that potentially onderly this condition,

General and neurological histories and examinations plus a structured assessment for
disintegrative disorder.

. Routine fleocolonoscopy and upper gastrointestinal endoscopy with large and small
bowel biopsy under either standard sedation {pethidine/DHszamuls) or general
ansesthesia, as indicated.

. A barinm follow-through will be performed, if indicated by the preseace of
endoscopic abnormalities.

. MRI, EEG aod visuul, somato-sensory and brals stem suditory evoked potentials,
. Lurabar puncture for measurernent of CSF antibody and cytokive profiles.

. Scrology for measles and rubelln IgM and IgG, routine baematology, biochemistry
and immunology profiles, and isolation of DNA from pearipheral blood monoauciear
cells for complement genotyping.

. In addition, studies of B12 satus and metabolism will be performed on a serum
sumple and & 24 hour urine collection. A full protoco! is attached.

5 SCIENTIFIC BACKGROUND (Please give 8 brief review of the relevant literature.
(If this investigation has been done previoysly with human subjects why repeat it? If
it has not been dose previously with human subjects, bas the problem been worked
out s fully as possible in animals, in order to refine analytical techuiques and to
assess possible toxic effecis?)



introduction :

There are {ndications of the emergence of 2 new syndrome comprising disintegrative
disorder and 3 possible enteritis associated with vitamin B12 deficiency. The syndrome has
been linked - anecdotally but consistently - with cither measles or messles/rubella
vacination. It appears to orcur in peeviously well and developmentally normal children
following exposure 10 these vaccines.

Disintegrative disorder (Heller's discure)

Disintegrative disorder (or Holler's disease) ocours when vormally developing
children suddenly, or over a period of several months, show marked behaviour changes and
developmental regression after age 2, often in sssociation with some lass of so-crdinatios
and bowel or bludder function (Reviewed by Rutser et ul (1), Bebavioural changes include
sociul withdrawal, reduced response to sounds, complete loss of commmunication, utiusual
sensory bohaviouss and development of simple rituals and hand snd fingsr stereotypes, much
like thase of autistic children. However, disintegrative disorder differs sutism in the
toss of motor and self-help skills and usually, we, in the lack of mare complex stereotype
behuvioral patterns {elthough simple motor stereotypes may oocur). This rare disorder can
sometimes be linked to measies encepbalitis, cercbral Kpoidoses, leukodystrophies or other
neurological conditions but In most cases no dear cause is ever identified. Bven in coses
where progressive neurological disorder {s eventually identified, initisl medical tsts are
uften negative and sumetimes diagnoses of bysterical reactions are conxidered. Thus, it is
important to repeat medical investigations i  child's conditions does not improve.

Twy different conrses are typieal of children with regressions ocourving after the first
few years. Most common are regresslons that axtend. over several months and then plateay,
resulting s a developmental and behaviora] pattern that lnoks much like autiom with severs
wmental bandicap. In some cases, deterioration contitmes, with increased motor dysfunction,
development of scizures and localized néuralogical signs.

Anather disorder that overlaps in symplomatology but that does ot have quits so
pour 3 prograsis is Landau-Klefiner syndrome of aoquired sphasia with epilepsy, Children
with this disorder lose receptive and expressive language, usually over a period of manths,
typically I conjunction with the development of seizures or transient BEG abnormalities.
Some social withdrawal and unusuu! behaviours may oocur, dus usually relatively normal
sacid relationships are maintained wits parenis and others known {o the child, Nonverbal
cognitive functioning remaing intact. In most cases, the outlook for thess children is better
than for children with disintegrative psychoses or autism, and somstimes fangnage is

eventually regained. _ » »
Evideace is accumulating for the panticipation of immune mechanisms in the

pathogenesis of these conditions, including the presence of circulating sntibodies to myslin
basic protein {MBP) (2,3) and the putative brain serotonin receptors (4), A recent study
entificd an increase in dreulating DR+ (sctivated) T oslls in affecied subjects without an
increase in JL-2 receptor ¢ cells (5), suggesting incomplete sctivation of the immune system,
a finding that has been obssrved in several established autoimmune disorders (6-9),
including chronic autoimmune hepatitis, a disegss in which a role for measles viras has been
implicated.

Complemert, measles and disintegrative disorder: The associstion between measles vaccine
and disintegrative disorder has been noted independently by Warren R et al in Uih, where
they have linked susceptibility 1o this condition (which they have termed "secondary autism")
to a congenital deficiency of the C4B complement protein (10, 11}, They have identified a
deficient fosm (null allele) of the CAB geoe located in the class 1T region of the MHC
complex, which occurred more than twics ax often o affecied individuals as in a matched,
sormal population. The C4B gene products are erucial to activation of the classical



complemeant pathway, & vital mechanism for protection against invading microorganisms,
The actual relationship of the C4B wull allsls 1g the Induction of disintegrative disordser is
not known. Hypothetically, individuals inheriting one of two C48 null alieles muy not be
able to clear oertain viruses completely, including live "sttenuated” vacelise strging,

Persistent infection may induce enteritis, encephalitis and/or the development of chronjeally
activated T cell clones with reactivity to epitapes in the central nervous system such as MBP,
Immune mediated damage to, for example, myelin in the developing brain may result in
clinienl disease. The study will seak lo identify and chamcterise inberited abnormalivdes of
complement (C4B) genotype, based upou the hypothesis that sbnorest complement
regolation s central to the susceptibility asd subsequent expression of disease.

Enteritis: motbers of those children reparted 1o us, describe & variety of abdominal signs and
sywploms suggesting huestinal patbology. These include pain, bloating, alternating ,
constipation and disrrhoce, stextorthoea and failure to thrive. Behaviorat symptoms parallel
intestinal disturbances. Some children have documented stacrocytic or iron  deficiency
anaemias. As yet, the pathogenesis of these features bave oot been established. This study
aims to identify and charucterise vy morphological and immunohistochemical changes in
intestinal tigsuss of individuals affected by the syndrome and to seek, using established
techniques, the presence of measles and rubella vins profeins and RNAs, wiing appropriate
positive and negative controls, _

%fmmzmimmmmmbmammgmam(mmm body is present
a8 its two co-enzymes, mathyl cobatamin {MeChi) and adenosyloobalamin {AdoChl). Both
are required for notmal celiular metabolism (12). Chl is known to be involved in only 3
reactions in human tissues: as Ado-CHl in the isomerisution of methylmalony! CoA o
suociny! Cod and of e-leucine to S-lzucine, and as Me-Obl in the methylation of
homaocysieine 1o methionine, ¥ reaction which abo requires methyhietralwidrofolate, A tissue
deficienty of MeCul leads o increased plasmas homocysteine levels and urinary excretion of
komocystine {12). AdoCbl is the vo-enzyme to methyinalonyl CoA mutase and is required
in the final step or prapionate o succinate catabolism.  Depletion of cellular AdoChi leads
to raised levels of methyimalonie acid (MMA) in plasma ang increased urinary MMA

- exeretion. Absorpdon of Chl Is not a simple process, as it involies release of the vitamin
from food, binding first 10 & salivary plycoprotein {R-binder) in the stomach, then to intrinsic
factor {IF) in the jejunvm znd finally 1o receptors in the terminal ileom. There, by a process
of receptor-mediated endocytosis it is absorbed iato the bloodstream and bound to the
plasms-Chl protein transecbalamin IL The routine Schiliing test can identily Cbl
malabsorption due 10 fack of IF, but malabsorption due to & fallure 10 release Chi from food
will aot be detected. The study seeks 1o identify the cause of any Obl malabsorption by the
use of 3 modified Schilling 2t tn which the administered radio-labelled CH & fixst bound to
serarmbled egg.

The role of cobalumins and pathophysiology of cobalmnin deficiency in the central nervous
system,

The evideace that Cbi plays & role in the central nervous system comes from several sources.
These include case reports describing neurologieal complications fn patients with bl
deficiency and ig patients with inborn etrors affecting Chl metabolic pathways. In addition,
animal models have provided experimental evidence that Cbl is necessasy for normal
function of the nervous system. It is notable that neurclogical symproms of bl deeisncy
may be the presenting features, and neurological changes frequently occur without anaemia
or mucroeytosis {reviewed by Green and Jacobscn: ref. 13).



Clinical features of Chi-deficient myeloneuropathy. , v
The principal role of Cbl appears to be in myplin-producing cells {oligodendroglia), and
therefore the pathological effects of deficiency are largely as u consequency of myelopathy.
The central nervous system appesrs 10 be more susveptitle 10 Chl-deficiency in infants and
chiidren than adulis, and involvement is diffuse ratber than localised. This may be dus to
rapid and more widespread myelinogencsis during this period of active growth and
development of the nervous systeax. sccordingly, in Col-deficient infants and children, &
somewhat different specirum of neurological complications is scen compared with adults. In
paediatric patients Chl-deficiency s usually associnted with inbom 2rrors of Ol metabolism,
Cbl-dependent cnzymes, or binding proteins which mediate transport of €l (14). The more
common neurclogical manifestations eocounterdd in axdh patents include seizures, mental
redardation and abrormal cerebellar and spinal cond. function, In addition to metabolic
errors, & syndrome of Chideficiency has been described in breast-fed infants of stricdy
vegetarian mothers consisting of apathy, developmental regression and invelantary
movements of the head, trunk and liobs.

Electro-physiological abnormalities associsted with Cbl myelopathy indude stowed

nerve conduction, shaormal electroencephalogram tracings. delayed visual evoked responses,
and aboormal brain stem auditory evoked responses and sensory evoked responses,
Pathogenesis of Cbl-deficient my

The mechanism wharsby Chbl-deficiency resnlis in myelopathy is not known. Several
bypotheses have been advanced, altbough aons fully or sstisfactorily cxplains the
pathogenesis of neurological dumage. Overall, however, abereant myelin synthesis appears
1o be central to the pathological changes that are observed, .

Chl-deficiency and disintegrative disorder. |

A receat, a8 yei, unreparted pilot study of cobalamin metabolism i children with
disintegrative disorder and/or attention deficit/byperactive disorder (AD/HD) has shown
that wany bad abnormally increased MMA excretion snd other signs of impaired cobalanin
function (Linnoll 1, personal communication). Some then received high dosage cobulamin
treatment which recuced MMA excretion to nosnaal and sppeared to confer other bepefits,
aithough these were difficult to quantify, Most df these children had s Col profile fncticative
of intestinal malabsorpiio. The proposed inwestigation will include an assessment of
intestinal status and function in addition 1o a Yaoge of mekbolic wsts to assess cobalamin
function and metsholism.

Funciional cobatamin status is better indicated by direct measurement of the
cobalamin ep-enzymes or the relevant metabalites than by assaying the "serum B12' (15).
This is because most of the drculadng cobalamin is firmly attached 10 an insctive proteln
binder of long half-life which docs not promute tissue uptake of the vitamin (16),

The proposed studies are desigoed o determine whether BI2 deficiency in alfected
children occurs as a consequence of fallure of terminal ifeal reabsorption dus to
cxg;mimmy,. or alternatively, whether there is 2 lnnate error of B12 metabalism in such
individuals.

Waerking hypotheses ‘

The passible link between an environmenptal insult (measles/rubelia vaecine} in a previously
beaithy chili, who may be genctically suscepuble to responding imapproprintely (o the virses
via sbaormal complement regulation, and the subscguent develapment of enteritis, Cht-
deficiency and disintegrmtive disorder, permits several working hypotheses to be proposed.



I} Enteritis hypothesis: the simplcst modal may be as foliows: In the genetically
susceptible individuald, the virus (measlss and/gr rubelia) does not iaduce ap appropriate

celiular immune responss leading 10 persisient infection and inflammation.
failore of normal | eqteritis
Well but genetically measies | complament "
suseeptible child - vaceination | ™| setivation and rg
persistent enteric

I
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Figure 1. The “eateritis® model for disintegrative disorder

This scenaria is supported, indircetly aad ancoaotally, by the dinical improverment in some
alfected children treated with Cbl replacement (Linnell 3, personal communication). It also
suggests that therapeutic intervention directed at controlling the enteritis'and replacing Cbi,
may be of benefit. ~

2. Esncephalitisfenteritis bypothesis

This invokes that in the gesetically susceptible infant, vaccination leads o persistent virus
infection of both the gut and the brain. It is possible that ensuing inflammation may vocur
elther as a diract resuit of infection, or via the imammuns respouse to persistent infection. Any
bl deficlency that oceurs 28 a consequence of the enteritis, misy then exacerbate
newrdlogical damage, but Is not its prime canse. The observation that disintegrative disorder
may follow scute msasies encephalitis, supports this hypothetical pathway, This scenario
would be less likely to be amenable 10 specific therapy since persistem meastes virus
infection cannol, as yet, be eradicated, ahbough Cbl replacement may stifl be of some
benehit.

o o "m'#ﬁraimfaqﬁan
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Figure 2. The “encephalitis/enteritis” model for disinegrative, disorder

Evgeam for the role of these bypothetical pathviays can e generated by the proposed
study.
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Who has verified the sclentific validity of nserit of this study? - Revisw Committee, Sexior
expert or colieague, NOT directy involved in or responsible for {og; a5 Head of
Depaitment) the study.

Dy Q) Epstein

6. RADIOACTIVE SUBSTANCES (If mdio«zsnwpes are to be used you are m@dm o
register the project with the Radiation Protection Adviser and to obiain approval of
the Health Ministers through the DepStment of Health,)

Are radio-isotopes to be wsed? YES

¥ yes, provide evidence of approval from the Radiation Protection Adviser and/or 3

copy of authority certificate and any additions] comuments received from the
Department of Health,

Either routine or a modified Schilfing test will be carried out to sssess intestinal cobalumin
absorption from food {Linsell JC. Clin Lab Henatol. 1981;3:99-1073. Approximately 1mCi
Co-cysnocobalamin (CNCbY) in cooked egg & ingesied, and & flushing dose of 1mg CNChl is
administered intramusoularly. Radiclabelled CNCBI excretion is measured ia & 24 hour urine

7. RADIOLOGICAL INVESTIGATIONS (If included, please indicate number and
frequency of axposires, and total caleulnted dosage.)

Burium {ollow through. Dase = 948 OGYs Pémin s&mmmg dime.
Subjects

{a) Selection critesia

« presence of dislntegrative disorder

+ symptoms and signs of intestinal dysfunction

« parental request for investigation to be undertaken

{b) Exclusion dtetia

» Egg allergy - children will be excluded from modified Sehilling test

8 SUBIECTS: How many we seeded? 25
{b)  Are subjects to be used « upder the age of 16, pregnunt women,

peychistric ar ¢idecly patients?
I yes, deseribe snfeguands,



All subjects will be under the age of 18, and all will manifest disintegrative symptoms and
signs o differiog exteots. They will be accompanied ar ali dinses by a parent, and will have &
designated ourse(s) in attendance throughowt the week. Invasive procodures and MRI will be
carried out under either standard sedation or gendral anacsthetla (leocolonascopy and
biopsy and the lumbar punctuse will be performned on the same moming), as indicated,
Pareats will be aware that they can withdraw their child from the study at any stage.

(¢}  Are normial volunteers invelved?
NO |
{9)  How much will each volunieer be paid for participating in the study?

% CONTROLS: NIL

10.  SUBSTANCES TO BE GIVEN TO SUBJECTS (Specinl diets, drugs, isotopic tracers,
tic). .

1mC3 eyanocobalamin ax Schilling test.

State dose, mode of sdministration, frequency, trial or exemption certificate number,
product licenee, any precautions ie: storags. .

Haw are the sabstances for this siudy being provided, and $ow is the study being
funded?

Clinical research at the Royal Free Hospital (BCR.).

1. PROCEDURES OR SAMPLES YO BE TAKEN FROM SURJECTS

(Venepunctures, arterisl blood, arine, issue bisgsy, etc.} State type, frequency snd
amount, :

1} Two venepunctures of 1620 ml each

2) Heocolonic tissps blopsies 10 per patient
3) One 24-hour urine collection

4} Cerebrospinal fuid 3 mi

Would the procedure(s) or sample(s) be takien, especlally for this  luvestipation, or
a8 part of normal patient care?

Yes: in view of the symptonss and signs manifested by these patients, all of the procedures
and the majority of samples are dinically indicated. Additional intestical biopsies {5 per
patient) will be wken for viral analysis. DNA for genotyping will use blood eells kolated
trom the rotine biood sumple, and will not require an sdditional ssrople.



2. DISCOMFORYT What discomfort or interferquce with their vseal activities may be
suffered in il or any of the sbjects? {List expecied side effects of drugs, proosdures,
ete.) Any stalement made here must slso appesr in the patieat information sheet.

Heocolonoscopy, upper endoscopy and lumbar puncture wre invagive procedures that are
performed routinely at the Raoysl Free Hospital by members of the Deparument of
Puediatric Gastroenterclogy. Ia order to avoid or meduce discomfort, Heocolonoscopy is
performed under sedation given as an injection, or under a general anacthetic, Lurbar
puncture is performed under z local anaesthetic injected into the skin of the fower back. The
injection jtself produces & mild and brief stinging seusation. Thercafier, the procedure is
patnless.

13.  INSURANCE What arangemenis have beer made to cover the possibility of linbility

CLINICAL RESEARCH AT THE ROYAL FREE HOSPITAL AND SCHOOL OF
MEDICINE,
4.  COPY OF HANDOUT EXPLAINING PROJECT IN LAY TERMS TO BE GIVEN TO
PATIENT OR OTHER PARTICIPANT

Code Number

TITLE

Please attach copy of handout and consent Torm. .
{Copy of handout and consent form to be retained 1o patiept’s bospital nates).





