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Abstract

Autism a neurodegenerative disorder characterigednbabnormal child behaviour i
isolation, learning difficulties, general abnormaliin communication and social
reciprocity, inability to maintain eye contact avipt at something, looking at thing with
the peripheral vision and many other neurologidabmiers, the aetiology of autism |is
multifactorial including among other social, enviroental, genetics, epigenetics
neurological factors, in recent years vaccines hdrgvn large interest of scientifi
community for its asserted role in the developn@nautism, this is largely due to the
presence in higher concentration of a mercury ¢oimig. compound thimerosal in marjy
vaccines, and due to some evidence which link seameines including measles, mumps
and rubella vaccines with autism, moreover sevatdhentic scientific studies were
undertaken to falsified those findings. Here wéically review those assertion, examined
some implicating component of vaccine and relagenthvith neurobiology of autism.
Keywords. autism, neuropathology, thimerosal, vaccinatamidren

Introduction diabetes, attention deficit disorder, asthma,
A short in the dark is a book written by rheumatoid arteritis, sudden infant death
Harris C and Barbara L. one of the earliessyndrome and other medical

book written to extensive outline the conditions(Coulter and Fisher, 1991)
relationship of vaccine and autism, in whichA collection of chronic degenerative
the authors who are US family physiciansdevelopmental disorders manifested by
try to link the number of vaccine dosesrepetitive or stereotypic behaviours, interest
required to be given to child within certainand activites coupled with marked
age limit with the number of neurological impairment in children ability to socialised
and immunological disorders (Coulter andand communicate is termed as Autism
Fisher, 1991) the authors reported thaBSpectrum Disorders (ASDs) (Murphy, 2011)
following years of observation from various even though many disease condition are now
dimension both government, parent andvith medication or treatment but the
doctors realised a rapid increase in the ratmedication to these syndrome remain to be
of children who develop autism (Coulter andidentified (Murphy, 2011).

Fisher, 1991), learning disability, juvenile
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Another report of Autism —Vaccine link was time been used in the childhood vaccine as a
reported in Europe in a paper co-authored bpreservative, the compound is notoriously
Wakefield et al. (1998) in the paper theknown for its toxic effect on the developing
authors determine the association of vaccineentral nervous system

with gastrointestinal disorders and theii) Measles Mumps Rubella (MMR)
autism in which they found profound containing thimerosal vaccine are believed
association of measles, mumps and rubelleo have double enhanced toxic implications
(MMR) vaccine to be associated withon the child developing central nervous
autism. system

In a separate paper, Wakafieldt al.,

(1998)have studied the association of MMRT himerosal and autism

with gastrointestinal disorders and comeThimerosal is an organic, ethyl mercury-
with an autistic gastroenteritis linking leaky containing compound with broad
gut theory with autism, it was reported in theantimicrobial activity that has been used
paper that: that measles virus from the livesince the 1930s as a vaccine preservative
attenuated MMR vaccine caused intestina(Offit and Jew, 2003), metabolism of
inflammation, the inflamed intestines Thimerosal has been reported produced
became “leaky,” allowing undefined harmful ethylmercry and thiosalicylate, in general
proteins to enter the bloodstream, travel tahirmerosal contain 49.6% mercury by
the brain and cause autism. Their assertioweight 0.1 ng/kg -0.47 pg/kg body
was justified by the results of a studyweight/day has been approved to be the
published in 2000 by Kawashima et al, inmaximum safe exposure limit of methyl
which measles virus RNA were identified in mercury by WHO and other US regulatory
the leucocytes of the autistic enterocolitisagencies EPA and FDA, Chatterjee MD in
patient and not in control group a review said that it is worth of noting most
(Kawashimeet al.,2000). of the guidelines and studies on the toxicity
Another interesting report correlating of mercury both epidemiological and
vaccine and autism was that of Bernard R,idaboratory were based on methyl mercury
which he noted that in early 1980s werenot ethylmercury which thermerosal
solidly reported in children right from birth metabolised to and argue that the two are
and in the first year of birth, he alsodifferent individual compound, while
observed in his data analysis of sudderstephanie and Deborah reported that even
change in the trend of families reporting thathough the amount of literatures on
their children behaving normally for the first metabolism of thimerosal and ethylmercury
18" month of their life and later develop poisonous effects is limited, some
sudden behavioural changes diagnostic abxicologist have assumed that the toxicity
autism in mid 1980s, and the number ofof ethylmercury is the same as that of
families reporting such an incidence increasenethylmercury which was found to be
exponentially. This doubled incidence wereextremely toxic (Coulter and Fisher,
linked to the addition of the combination of 1999)exposure to mercury and mercury
Measles-mumps-rubella vaccine in to thecontaining compound have found to
routine child vaccination schedule in 1979associated with degenerative nerve cell
and was administered to children at age ofClementset al., 1995), adverse behavioural
12-15 month(Coulter and Fisher, 1991) changes (Buchholzet al., 1999)and brain
Other theories and reason for linkingdevelopmental impairment (Clemergsal.,
vaccines and autism or ASD were 1995). Degenerative chronic condition such
i) Thimerosal a mercury containing as Alzheimer's disease has also been
vaccines preservative which for very longassociated with the mercury toxicity, to
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worsen the situation it has been reported elsseries of epidemiological and laboratory
were that foetal developing nervous systenstudies have been conducted world widely to
IS more sensitive to mercury toxic effect, itascertain the claim of thirmerosal autism
has been known to cause mental retardatiomssociation but all fail to prove same(Gallil,
and cerebral palsy (Johnsat,al., 1997), a et al.,2002; Tugwellet al., 2004; Bernstein
lots of debate was going in US over the rolest al.,1993)

played by thimerosal (mercury containing

compound) in childhood vaccine andMeases-Mumps-RubelaVaccines

whether thimerosal has played role in theThe first published claim relating MMR with
increasing incidence of autism seen in USautism was made by Wakefield et al. a study
Analysis from vaccine safety data link conducted among 12 paediatric patients,
VAERS found tremendous associationthese patient shows developmental disorders
between thimerosal preserved vaccine andnd gastrointestinal abnormal features. Nine
neuro-developmental disorders(Takayamagf the patients were seen to have autism
et al.,, 1997) infant body with juvenile have autism which were associated with the
premature immune system and been injecteMlMR vaccine they received (Wakefielet
with vaccine doses containing ethylmercuryal., 1998). These led to the theory of autistic
from thimerosal cannot get rid properly of enterocolitis or leaky gut, Wakefield et al.
these toxic compound as adult did when theyurther proved their theory is later paper
consumed toxic containing food like fish which they isolated the RNA of measles
which have mercury. And the blood-brainvirus in the white blood of some of their
barrier in infant is not fully develop,(this is a patients (Kawashimaet al., 2000). The
membrane between circulating blood and th&Vakefield leaky gut theory suggested that
brain which prevent the brain from exposuremeasles virus from the live-attenuated MMR
to certain harmful substances) as such waccine caused intestinal inflammation, the
cannot protect brain from harmful effect ofinflamed intestines became “leaky,”
ethylmercury, therefore can enter brain stagllowing undefined harmful proteins to enter
and damage the brain Once in the brainthe bloodstream, travel to the brain and
mercury gathers in the areas that affectause autism (Kawashimaet al.,
motor skills and attacks the nerves, affectin@000).Concurrent with the presence of
emotional and mental functioning(Coulter & thimerosal in the vaccine leaking into the
Fisher, 1991). After some of the US statedblood stream to the brain the situation may
has noted these entire problems pressumven be worst. The incidence of autism were
ware mounted on the manufacturers tseen to shoot rapidly in 1980s in US and
remove thimerosal from vaccine. By 2006,these was attributed to the introduction in
Washington State was the seventh state 979 of combination of measles-mumps-
pass a law prohibiting thimerosal inrubella vaccine to be given to children 12-15
childhood and pregnant women month, at first the coverage of the vaccine
vaccines(Wiseet al., 2000) it was reported were low and the incidence were also
that more state pass same later, as such naeported low, but there were larger coverage
childhood vaccines are devoid of thimerosalater (Coulter and Fisher, 1991). As the
or it has been reduced to the lowest levehumber of childhood vaccination increases
except for some few childhood approvedso does the dramatic increases of autism was
vaccinesalthough some scholars are of theotice in US, from 1993 and 1998 there
opinion why should there be approval ofwere recorded rise in the autism incidence
such a toxic compound in the first place. Butbby 513 per cent in Maryland (Coulter and
at same time many scientist are arguing th&isher, 1991), and also 300% increase of
association of autism with thimerasol, many
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autism were reported from 24 states betweelimited published data are presented with
1992 and 1997, these dramatic increase wasany irregularities and contradictions,
as a result of the free MMR vaccine given inpossibly because of the lack of tissue
the US, this is supported by the fact thasample, subject population variations,
observation were made concerning reportechedication and many other factors. As such
autism cases in 1940s and 1950s, cases tife information here will be very brief.
autism were mainly confined to upper andNeuropathology is defined as a study of
upper-middle class families these class ohervous system in disease and healthy state,
families were the ones that could afford tothis involved examination of autopsied
pay for their child vaccines and other healtitissues and or surgical biopsies of brain
care expenses, but as the US governmetissues, it is a combined studies of
made vaccine free the incidence of autisnmeurology, neuroanatomy and neurosurgery
now crossed class line and autism is nowFatemiet al.,2002).

wide spread in all socioeconomic group

(Coulter and Fisher, 1991). Early neuropathological studies of autism
However, subsequently, enormous effort hadleuropathological studies in  autism
been made by different group of researchespectrum disorders (ASD) started from the
employing different and various researchreview by (Darby, 1976) who in a
methodologies to correlate MMR vaccinesretrogressive studies and enquiries, studied
with autism, and the result from all these33 brain sample of patients diagnosed to
research confirm no linkage betweenhave ASD, the sample type in this study
vaccines MMR in particular with autism andranges from whole brain to a single slide of
disproved the Wakefield hypothesis, andpost-mortem sample, using light
regard the hypothesis as not having scientificnicroscopic examination cerebral lipidosis
basis(Madsemt al., 2002;Blacket al.,2002 were diagnosed in most sample, a condition
and Hondaet al., 2005). Other scientific mostly associated with  phospholipid
researches which involves large group ofmetabolism disorder, but also noted other
patients for over a decade also conclusiveldifferent disorders which the author draw a
and collectively show no relationship conclusion that autism is heterogeneous
between MMR vaccines with autism (Peltoladisorder. Even though light microscopic
et al., 1998; Tayloret al.1999; Klein and findings was earlier reported by Aarkrog
Diehl, 2004; DeStefano et al.,, (Aarkrog, 1968), in which thickening of
2004).Research has recently found in amonnective tissue in leptomeninges was
interesting studies that the incidence ofobserved from frontal lobe
autism is lower in children who receive biopsy(Williamset al, 1980). Study using
MMR compared with those that do notbrain cell count to differentiate autistic and

received (Mroz ek-Budzyast al.,2010) non-autistic  patient was reported by
(Coleman, et al, 1985), in which tissue
Neuropathology of ASD embedded in celloidin and stain

To compare the assertions of authors tryinglifferentially with histological stains show
to link autism to vaccines and its no significant differences in brain cell count
constituents with those opposing presence dietween autistic and non-autistic subject, but
any linkage between the two let's look atischemic neurons (eosinophilic neurons)
some of the neuropathological eventsvere observed at the base of gyri in ASD
happening in ASD and the possiblesubject, suggesting process of ulegyria, in
correlation of these events with the vaccinesvhich case scarring occur in sulci depth,
or any of the vaccine constituents. Everoften due to hypoxic-ischemic injury of the
though, studies in this aspect were grosslprain at perinatal stage of life(Colemaat,
limited despite their significance, and theal., 1985).
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Another neuropathological scenario assumefCasanova, 2007). In a study on Brodmann
to be diagnostic of autism was reported in a@areas 9, 21 and 22 in post-mortem brain
29 year old male patient who previouslytissues of nine autistic patients, significant
shows stereotypical behaviour and delayedinicolumnal separation distance reductions
development, he demonstrated shortvas reported compared with the controls
attention span, did not respond to his nameubject, peripheral neuropil compartment
and have no eye contact, and had majasshows the greatest reduction(Casanosfa,
motor seizure at the age of 21,al., 2002). This study was based on the
Photoconvulsive pattern was diagnosed froncomputerised semi-automated minicolumnar
the EEG examination, Smaller than normamorphometry imaging methods based on the
neurons in the hippocampus, amygdala angyramidal cell arrays.
entorhinal, in the subcortical region of the
brain at post-mortem examination wasCerebellum
reported. Bauman and Kemper, (1985)Cerebellum is the important part of the brain
added new cases later with similar diagnosisn  which  dysplastic  histopathological
with loss of Purkinje cell but normal olivary abnormalities has been reported in many
nuclei (Kemper and Bauman, 1993). Inneuropathological studies of autistic
contrast Fatemiet al (2002) found no individuals. Some of the vaccines
difference in Purkinje cells densities constituent have also seen to cause some
between case and control subjectdamage at this anatomical structure, but
Immunohistochemistry studies of before this is discussed lets study some of
hippocampus for calretinin, calbindin andthese abnormalities reported from the
parvalbumin shows variables results aterebellum of autistic patients. Most of these
various position of the brain in autistic anomalies seen in autistic individual were as
patient compared to their aged match contrah result of the organisational deviation of
subject (Lawrencegt al, 2010). Which was cerebellum which occurs during brain
also contrary to what Bailey et al. reporteddevelopment. It was also reported that
earlier(Bailey et al., 1998), in which no dysplasia was generally seen in the context
neuronomorphometric significance of the widespread cerebral malformation
differences from various CA subfields was(Soto-Aresget al, 2000).
observed in autistic subjects compared tPPurkinje cells are the largest human brain
controls. neurons, characterised by large number of
dendritic spine and have elaborated dendritic
Neuropathological findingsin ASD based arbor, they are buttressed and linearly
on brain anatomical site arranged between cell poor molecular layer
Cortical Modularity and underlined granular layer. Diminished
Human brain pyramidal cell array werePurkinje cells number has been reported in
mostly examined by Nissl stain and distancautism by many researchers, because these
of between 30 and 80 um were reporteccells are the only sources of efferent
between these units depending on the braiprojection of the cerebellar cortex, some of
region. These units were reported to be onthe autistic symptoms might be related to
cell wide this might be because theythese abnormalities. Neocerebellum bilateral
originate from ontogetic minicolumn Purkinje cell loss was also reported (Bauman
(Casanovaset al, 2007). The degree of and Kemper, 1985). While wide spread
separation between minicolumn werePurkinje cell loss was recorded with ten
reported to be same with that in pyramidaklutistic patients (Bauman and Kemper,
cell somas (Buxhoevedeatal,, 2000), even 1985). In these cases archicerebellar cortices
though this might not be the case in thosand posterolateral neocerebellar Purkinje
laminae where stellar or granular neuronswcell loss were observed.
bound, it is true in supragranular layers 18
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Bauman and Kemper (1985) concludedayer 2 and 3 of the neocortex shows
finally that Purkinje cell loss result in the neurofibrilla tangles, but the gyral pattern
formation of early developmental lesion inwas found to be normal and there were no
cerebellum of autistic patient. sign of concomitant  accumulation of
Recently, studies involving western blottingamyloid (Hof, et al, 1991). The patient in
and immunohistochemistry of  Glial this study was microcephalic ASD patient
Fibrillary Acidic Protein (GFAP), suggest who show different self-injurious characters
that astrocytosis is present in the autistidike self-biting, head banging, and eye
patient cerebellum (Laurence and Fatemigouging, considering these characters the
2005; Vargast al, 2005). GFAP is an authors relate the neurofibrillary tangles
intermediate filament protein which is finding to a degenerative condition worsen
expressed by numerous central nervouby recurrent trauma to the brain during his
system cell types including astrocyteslife(demetia pugilistica) (Hoét al.,1991).
(Jacqueet al., 1978). This protein was
reported to have been expressed during thRelationship between Vaccines and Some
glial scar formation and in the process ofof Neuropathological Findings of ASD
reactive astrocytosis (Sofroniew and Vinters;Thimerosal is a compound used as a
2010). In autism it has been reported thapreservatives in vaccines since 1930s and
GFAP expression was up regulated andgtill been used in some vaccines, it is a
appear to demonstrate hypertropic celcompound of sodium  ethylmercury
bodies and processes in a narrow anthiosalicylate, which compose of about 50%
compact spread along the Purkinje cell layemercury. Recently, this compound received
(Fatemi, 2015). And it was also suggestedremendous attention for its toxicity
that the GFAP astrocytic response werespecially in  pregnant women, infant and
there due to reactive process to the loss gfoung children (Qvarnstrongt al, 2003).
Purkinje cell. This loss of cell or neuronsThis compound was found to accumulate
cell dead has been extensively documentedfter its metabolism at various organs
in the poisoning caused by some of thencluding brain where it was reported to
vaccine component like mercury (Cave andemain there for years and cause a lot of

Mitchell, 2007) damages to the brain (Olczadtal, 2009).
With recent increase in the number of
Brainstem paediatrics  vaccines in  developed,

Absence of facial nuclei and superior olivarydeveloping and even underdeveloped
with distance shortening between inferiorcountries which mostly contain this
olive and trapezoid body were reported incompound, the fear of toxicity of this
the sections examination of the lower craniatompound is at higher rate. For example
nuclei of a single ASD patient, which Hepatitis B vaccines which is given to
suggest the injury to neural tube closurechildren at birth or within 24hours of birth.
which occur during development (Rodier,There is reported to contain 12.5
etal, 1996). This was later vindicated in amicrograms of thimerosal in each dose, this
study by (Kulesza and Mangunay, 2008)dose will then be followed with other doses
which reported morphological significant of same vaccine, and other vaccines that also
abnormalities of the medial superior olivarycontain mercury at early postnatal life,
nuclei in five ASD cases as compared to th¢DTP, Hib) when combined these doses
control. about 187.5 microgram of mercury will be
Axons administered to a child before his six month
In the post-mortem examination of a patienof life, while the accepted tolerated dose
with premature closure of cranial suturesaccording to EPA was 0.1lmicrogram/kg
microscopic investigation of the superficial body weight (Cave and Mitchell, 2007).

layer of the entorrhinal and perirhinal cortex,
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When this mercurial compound accumulatedlso reported both invivo and invitro
in the body of the infant with juvenile (Humphrey,et al, 2005; Nagashima, 1997;
immune system, and the system fail to ge¥el, et al, 2005). Methyl mercury induced
rid of it, they travel to brain and metabolisedapoptosis was also reported in neural cell of
to inorganic mercury, attached themskEves tocerebellum (Vendrellet al., 2007). Also
neurons cells and damage them, it has begmrogrammed cell death in cortical neurons
found that the areas most affected arevhich are triggered due to oxidative stress
hippocampus, cerebellum and amygdal@aused by mehtylmercury has also been
which are part of the brain mostly involvedreported elsewhere (Higginst al, 2009).

in autism (Cave and Mitchell, 2007). Olczak et al (2010) suggest that neural
Because of the similarities in symptomsnecrosis and apoptosis induced by
between mercury poisoning and that ofthimerosal might be dependent on many
autism it was hypothesis that the mercury irfactors including animal developmental
vaccine might be the cause of autism irstage and the amount of mercury in a distinct
many infants (Bernardet al, 2001). This cellular compartment at a varying time after
assertion was further tested and published bipjection of thimerosal.

many authors (Gallagher and Goodman,

2008; Geier and Geier, 2006). Mechanism of mercury induced neural
This early postnatal period at which thisdamage

thimerosal containing vaccines wasHypoxaemic or anoxaemic effect due to
administered has been reported in rat to bperivascular oedema and blood circulation
the most active neurons developmentatlisturbance as well as strong direct toxic
stage, and it is characterised witheffect on neurons were reported to be the
synaptogenesis, gliogenesis, apoptosisnechanism of brain cortex injury caused by
continuing neural cells proliferation and methylmercury (Takeuchi, 1981). Another
cerebellum and hippocampus dynamismmechanism by which mercury containing
migration and myelinisation (Rice andcompound cause brain or neural damage was
Barone, 2000; Seaberg and Van Der Kooyby induced DNA damage and mitochondrial
2002). It has been suggested thainjury which subsequently lead to oxidative
neurodevelopmental abnormalities mightstress and bioenergetics crises (Baskin,
have ensue due to mercury interference witll., 2003; Yin et al., 2007). Exposure to
these or part of these neurodevelopmentahethylmercury has also been shown to cause
stages. brain oedema and disseminated ischaemia in
Neurobehavioral alteration was reported irhuman and monkeys (Etef al, 2002; Eto
rats treated with thimerosal in a vaccine likeet al., 2001). In a yet another experiment
manner, administered in early postnatalvith rat, two phases of neural damage was
time, symptoms resembling those of autismreported by Olczaket al (2010), acute
were observed after six weeks ofneurotoxicity occurring shortly after
administration, including locomotors thimerosal administration, few days or
deficits, impaired social interactions andhours, at this phase Purkinje cell
pain sensation, also noted was increaseldomogenising degeneration was noted
anxiety in this rats (Olczalet al., 2009). together with iIschemic neuronal
Other different sets of neuropathologicaldegeneration, this coincided with the highest
abnormalities in animals treated neonatallynercury concentration in the brain. The
with thimerosal were reported in mice second phase was as a result of chronic
(Hornig, et al, 2004) and in hamster neuronal poisoning caused by mercury
(Laurenteet al.,2007). accumulation in the brain this is called dark
Brain cells death by necrosis and apoptosiseurons, this phase was more extended then
due to exposure to varying concentration ofthe former.

thimerosal at nanomolar concentration was
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It has also been noted that administration obf autism is a subject of discussion, having
thimerosal in a doses comparable to those ino fixed standard criteria, because of the
paediatrics vaccine and in the same wayeterogeneity of the symptoms, as no two
vaccine is administered in suckling ratspatients have exactly similar
results in astroglia and neuronal injuries insymptoms.Aetiology of autism is rather
various region of the brain (Olczetk al, sophisticated, with the underlying pathology
2010). Associations of these and pathophysiology remaining to be
neuropathological disorders with manyelucidated, some factors which were
neurodevelopmental abnormalities includingmplicated includes; genetics, epigenetics,
ASD has been documented (Gallagher andeuropathological, social, environmental, or
Goodman, 2008; Geier and Geier, 2006immunological factors, the role either play
Hewitson, et al, 2010). It is obvious from in the symptomatology of autism remain
these findings one can suggest that the risenclear in most cases, the assertion of
in the incidences of autism seen worldpossible linkage of vaccines in autism also
widely in recent years might have beernrequire critical examination and elucidation,
related in a way to the increased and largéhe fact that dramatic surge in the incidence
doses of mercury (thimerosal) containingof autism which coincided with era of
paediatrics vaccines administered to thignassive childhood vaccination need to be
category of the population, which mayfully vindicated. The observed detrimental
warrant the urgent need to do something seffect of vaccine and the benefit need to be
as to address the problem. fully weighed, investigated and revisited.
Campaign for manufacture of thimerosal
(mercury containing compound) and other
Autism a heterogeneous harmful preservatives free vaccine is worth
neurodevelopmental condition, encouraging, the vaccine manufacturing
manifestation of which usually started at thecompanies should think of using safer
early age of the patient but in most casesomponent. And finally “anti-vaccine”
unnoticed until age of 2 or 3 years when th@ropaganda need holistic address to prevent
child should be active and should havee-emergence of already eradicated
started communication, it is characterised bynfectious diseases, the task on the scientist
an abnormal children behaviour like should consider switching to less harmful
isolation, learning difficulties, with general vaccine production.
deficit in  social reciprocity and
communication, inability to maintain eye Conflict of interest
contact or point at something, looking atThe authors were hereby given a declaration
thing with the peripheral vision and manythat no conflict of interest existed throughout
others neurological disorders, the diagnosighe preparation of the manuscript.

Conclusion
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