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MMR Vaccination and Autism
What is the Evidence for a Causal Association?
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Aarhus, Denmark

It has been suggested that vaccination with the measles-mumps-rubellaAbstract
(MMR) vaccine causes autism. The wide-scale use of the MMR vaccine has been
reported to coincide with the apparent increase in the incidence of autism. Case
reports have described children who developed signs of both developmental
regression and gastrointestinal symptoms shortly after MMR vaccination.

A review of the literature revealed no convincing scientific evidence to support
a causal relationship between the use of MMR vaccines and autism. No primate
models exist to support the hypothesis. The biological plausibility remains ques-
tionable and there is a sound body of epidemiological evidence to refute the
hypothesis. The hypothesis has been subjected to critical evaluation in many
different ways, using techniques from molecular biology to population-based
epidemiology, and with a vast number of independent researchers involved, none
of which has been able to corroborate the hypothesis.

The Danish physician and epidemiologist Peter The proposed hypothesis suggests that MMR
vaccination may cause a syndrome of mild inflam-Panum documented in 1846 that measles is a conta-
matory bowel disease associated with behaviouralgious disease and that the infection provides lifelong
regression. This hypothesis will be referred to as theimmunity.[1] More than a century later, Enders and
‘gut-mediated toxic encephalopathy hypothesis’ inPeebles isolated the measles virus and thus prepared
this article. It is also known as the ‘Wakefield hy-the way for the development of a measles vaccine,
pothesis’.[9,10] Moreover, the wide-scale use of thewhich was licensed in 1963.[2,3] The combined
MMR vaccine has been reported to coincide withmeasles-mumps-rubella (MMR) vaccine was li-
the apparent increase in the incidence of autism.[11]censed in 1971. Since then, MMR vaccine coverage
These observations have received much public at-rates have increased markedly and the WHO’s ulti-
tention and are perhaps the reason for falling MMRmate goal of the vaccination programme is to eradi-
vaccination coverage rates in some countries.[12,13]cate measles.[4] A global vaccine coverage rate of

The aim of this review is to study the evidence onapproximately 94% is needed to achieve this goal.[5]

MMR vaccines and the occurrence of autism withSo far, vaccine coverage is much lower than the
particular focus on the epidemiological literature.target and in many developed countries the coverage

is still not high enough to prevent outbreaks.[6-8] The The gut-mediated toxic encephalopathy hypothe-
suggestion of a causal link between MMR vaccines sis was put forward by Wakefield et al. in 1998
and autism has threatened to lower vaccine coverage when the group published case reports in the Lancet,
still further.[9,10] including 12 children from a gastroenterology clinic
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who showed signs of both developmental regression affected. The condition might be caused by a muta-
and gastrointestinal symptoms.[9] Eight of these chil- tion of the measles virus.[20] Electroencepha-
dren had experienced the onset of developmental lographic changes have been noted not only in pa-
symptoms in relation to their MMR vaccination. tients with measles infection, but also in children
The study was followed by a larger survey from the who have been vaccinated with live attenuated mea-
same research group, which came to the conclusion sles virus.[21] Studies have shown that wild-type and
that a new variant of inflammatory bowel disease attenuated viruses have similarities in tissue tro-
was present in children with developmental disor- pism, and, in theory, persistent CNS infection with
ders.[10] According to the hypothesis, the MMR vac- vaccine-strain virus could occur.[22] Two partly-re-
cine is responsible for a novel lymphocytic colitis lated research groups have detected and sequenced
with infiltration of T cells and plasma cells in quan- measles virus from peripheral blood in patients with
tities disproportionate to inflammation seen on rou- inflammatory bowel disease and autism.[14,23] How-
tine histological examination.[14,15] Wakefield et al. ever, rigourous attempts to reproduce these findings
found that mucosal inflammation in combination have not been successful.[24-28] Thus, the evidence to
with ileocolonic lymphoid nodular hyperplasia was support the existence of persistent infection with
seen in children with developmental disorders as attenuated measles virus in non-immunocom-
opposed to developmentally normal children with promised children is not available.
similar gastrointestinal symptoms.[10] The nature of

The mumps virus is known to cause encephalitisthe interaction between the gut lesion and the cogni-
and some vaccine strains (especially Urabe) aretive impairment is unclear but autoimmunity and
renowned for the conveyance of an increased risk of‘toxic gut-brain encephalopathy’ have been suggest-
viral meningitis in the weeks following vaccina-ed.[14]

tion,[29,30] but persistent infection with mumps in the
These findings led the group to propose a new

CNS has not been documented.
syndrome called the ‘gut-mediated toxic en-

Post-infectious rubella encephalitis is acephalopathy hypothesis’ characterised by the com-
recognised complication to acquired rubella infec-bination of ileocolonic lymphoid nodular hyperpla-
tion, while a progressive rubella panencephalitissia and lymphocytic colitis, in association with de-
(similar to SSPE in measles) occurs very rarely.[31]velopmental disorders.[10,14]

Persistent infection with attenuated rubella virus hasMeasles infection is caused by an RNA virus that
not been reported. Congenital rubella syndrome dueaffects virtually all organs. Involvement of the CNS
to rubella infection during pregnancy is associatedis relatively common and can lead to a variety of
with CNS complications, such as encephalitis,CNS syndromes including meningitis, encephalitis,
mental retardation, deafness, blindness and au-post-infectious encephalomyelitis and subacute
tism.[32] Pregnancy remains a contraindication tosclerosing panencephalitis (SSPE).[16,17]

MMR vaccination, although no evidence of damage
The pathogenesis of the post-infectious encepha- to the fetus by rubella vaccine strains exists and

lomyelitis is probably due to measles virus prolifera- rubella vaccination during pregnancy is not consid-
tion in lymphoid cells, that in turn leads to a distort-

ered a valid medical indication for a provoked abor-
ed immune response to myelin proteins.[18] Singh et

tion.[33,34]

al. have shown a correlation between meas-
The fact that the MMR vaccine contains threeles-IgG-positive sera and autoantibodies to basic

different strains of live attenuated viruses, adminis-protein antibodies.[19] Furthermore, persistent mea-
tered simultaneously, has never been shown to besles infection in the CNS is associated with SSPE, a
associated with an increased risk of adverserare chronic progressive demyelinating disorder that
events[35] and is not associated with demyelinatingaffects children and adolescents. After a latent peri-

od of 6–8 years, multiple parts of the brain are diseases.[36]
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In short, it is doubtful whether any biologically
plausible explanation for a causal association be-
tween MMR vaccination and the subsequent devel-
opment of persistent complications to the CNS ex-
ists.

No well established animal model for the com-
plex pathogenesis of autism exists.[37] The model
with Borna disease virus-infected rats is at present
the most suitable with regard to the neuroanatomical
and behavioural aspects of autism.[37,38] The rats are
infected perinatally with Borna disease virus and the
persistent infection alters the rat brain in areas
known to be associated with autism, especially the
medial temporal lobes.[39] However, the Borna dis-
ease virus is not related to measles and therefore not
suitable for the assessment of a potential link be-
tween attenuated viruses in the MMR vaccination
and autism. New primate models for the evaluation
of vaccine safety issues are under way, but at present
they are not ready to be used in the MMR autism
context.[40,41]

In summary, no adequate animal model exists for
the evaluation of the hypothesised causal associa-
tion between MMR vaccination and autism.

1. Epidemiological Evidence

In the following section, the epidemiological evi-
dence including case reports, case series, ecological
studies, cross-sectional studies and cohort studies is
evaluated. We searched literature in Medline (1996
to December 2003), Embase (1966 to December
2003), Social Sciences Index (1986 to December
2003) and the Allied and Complementary Medicine
Database (1985 to December 2003) using different
keywords with relation to MMR vaccination and
autism. Moreover, we manually went through the
reference lists of prior reviews and related arti-
cles.[42] The epidemiological studies are summarised
in table I. The studies with autism as the endpoint
under study were selected for this review, and stud-
ies restricted to the relation between MMR vaccina-
tion and the occurrence of inflammatory bowel dis-
orders were omitted.
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1.1 Case Report Studies effects, especially of effects that occurred long after
the vaccination.

A Finnish case report study by Peltola and col- Mäkelä et al.[52] published the third case report
leagues[43] made use of a population-based passive study based on the Finnish surveillance data provid-
surveillance system for adverse events following the ed by the National Public Health Institute. The aim
MMR vaccination. They followed up on all children of the study was to examine whether neurological
reporting any gastrointestinal symptoms following adverse effects (including autism) could be detected
MMR vaccination in the period 1982–96. Close to 3 after vaccination against MMR, but this time was
million children had been vaccinated during the not restricted to reports of adverse effects. The vac-
study period and 31 were reported to have gastroin- cinated group was linked to the Finnish Hospital
testinal symptoms. No episodes of autism were re- Discharge Register and a total of 309 children were
ported during the follow-up period, nor did any diagnosed with autism (classified using the Interna-
children develop inflammatory bowel disease. The tional Classification of Diseases [ICD] 8th and 9th
mean follow-up period was 9 years (range 1–15 Edition) during the study period. They found no
years). The authors concluded that their data did not clustering in the interval from vaccination to hos-
support the hypothesis that MMR vaccination pitalisation. Furthermore, no children with autism
causes autism, although the study was not specifi- were hospitalised because of inflammatory bowel
cally designed to address that issue. disorder. However, outpatient visits were not in-

In our opinion, the study had two limitations. cluded in the study and no formal time-trend analy-
Firstly, the relation between MMR vaccine and au- ses were presented. Also, no validation of the autism
tism was examined only in the context of the gut- cases was performed even though the diagnostic
mediated toxic encephalopathy hypothesis. A classification changed from ICD-8 to ICD-9 during
stronger approach would have been to evaluate the the study period. The study was designed primarily
risk of autism after vaccination regardless of wheth- to look for neurological disorders that occur shortly
er or not the child had experienced gastrointestinal after vaccination. Nonetheless, the study provides
symptoms. Secondly, the study was based on a evidence against a causal relationship between
passive surveillance system, which is a method MMR vaccination and autism.
prone to under-reporting.[53] This is probably still
the case despite an extensive public campaign en- 1.2 Case Series Studies
couraging doctors to report all suspected serious
adverse effects. A British study on MMR vaccination and autism

The Finnish case report study by Patja et al.[46] is by Taylor and colleagues was conducted using the
based on the same dataset as the study by Peltola et self-controlled case series method.[45] This well-de-
al.,[43] in which all routinely reported serious adverse signed population-based study used computerised
events were reviewed. By considering all adverse data from special needs registries and records from
effects following vaccination, whether or not the special schools to identify children with typical au-
child had experienced gastrointestinal symptoms, tism, atypical autism and Asperger’s syndrome. The
the authors dealt with one of the points of criticism authors identified 498 cases from the sampling area,
raised in regard to their first study.[43] Over a period comprising of eight health districts in North
of 14 years, 173 events were reported, of which 77 London. In a Poisson regression model, the number
were reported as neurological disorders following of cases according to the year of birth was fitted for
MMR vaccination. None of the reported adverse each of the autistic subgroups. A steady increase
effects were symptoms known to be associated with was observed throughout the period of observation,
autism; in fact, more than two-thirds were febrile but no sudden ‘step-up’ or change of trend was
seizures. Again, it is likely that the passive surveil- identified after the introduction of the MMR vaccine
lance system led to an under-reporting of adverse in the UK in October 1998. Among the autistic

 2004 Adis Data Information BV. All rights reserved. Drug Safety 2004; 27 (12)



MMR Vaccination and Autism – Causal Relationship? 835

children, the age of diagnosis was similar, whether 47) and one consisting of children born between
the child had been vaccinated before or after the age 1980 and 1984 after the introduction (n = 27). The
of 18 months or if they had not been vaccinated at authors argued that if a causal connection between
all. Finally, there was no temporal association be- MMR vaccination and autism exists they would
tween changes in the incidence of autism and expect the numbers of children with autism born in
changes in vaccination coverage. The diagnosis the latter period to be at least half the total number of
could be verified with ICD-10 criteria, from infor- autistic children, since the size of the birth cohorts
mation recorded in the clinical notes in 82% of the were approximately equal. The fact that there were
cases of autism. less than expected in the second period is interpreted

Interpretation of the results was complicated by as evidence against a causal connection. However,
the fact that a ‘catch-up’ vaccination programme the study is confounded by a lack of consistency in
was launched along with the introduction of the the length of follow-up. The second group (post-
MMR vaccine. It was targeted at children who were MMR vaccine introduction) only had 4 years of
too old to be included in the routine MMR vaccina- follow-up for part of the group. Most children will
tion programme. In a subsequent analysis, Taylor et

be diagnosed by the age of 4 years, but even with a
al. assessed this potential source of bias and found it

moderate diagnostic delay, some of the children inunlikely that the ‘catch-up’ vaccination programme
this group would not have been included. We be-could have influenced the negative result.[54] Fur-
lieve that this may explain the unexpectedly lowthermore, it could be argued that a more gradual
number of autistic children found in the post-intro-increase should be expected since autism is a disor-
duction vaccination group.der with insidious onset and a certain diagnostic

delay. However, despite these points, the study pro- An ecological study by Kaye et al. used the UK
vides solid evidence against a causal relationship General Practice Research Database to conduct a
between MMR vaccination and autism. time-trend analysis to assess a temporal association

A British study by Farrington et al.[47] was per- between the changes in vaccination coverage and
formed as a follow-up to the Taylor et al. study.[45] the incidence of autism.[48] The researchers found
In order to deal with the problems of onset of disease that the risk of autism at 4 years of age increased
and diagnostic delay, the data were re-analysed from 8 per 10 000 in 1998 to 29 per 10 000 in 1993,
under the same hypothesis as the original study but while the vaccination coverage remained constant at
without pre-specifying any time interval after vacci- 97% in the same time period. If there had been an
nation during which the risk of autism may be increase in autism due to MMR vaccination, the
increased. Farrington et al. used a case-series authors argued, the incidence of autism would stop
method, derived from a Poisson cohort model by rising within a few years after the vaccine was
conditioning on the occurrence of an event and on extensively used. This was clearly not the case. The
vaccination histories.[55] The result showed no asso- study provided evidence against the hypothesis but
ciation between vaccination and autism in any time

there were limitations. First, incidence may rise in
interval after vaccination.

the entire incubation and latent period of autism,
which could be longer than the study period. Sec-

1.3 Ecological Studies
ond, the authors did not validate the case status.
Third, the observed prevalence of autism was veryThe Swedish ecological study by Gillberg and
low – probably because a substantial number ofHeijbel[44] was a re-analysis of a previously reported
children were not included in the General Practicestudy.[56] Gillberg and Heijbel divided the popula-
Research Database. These problems are being ad-tion-based dataset into two birth cohorts: one con-
dressed in an ongoing study using the same databasesisting of children born between 1975 and 1980
for case ascertainment.[57]before the introduction of the MMR vaccination (n =

 2004 Adis Data Information BV. All rights reserved. Drug Safety 2004; 27 (12)
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The ecological study from California, USA, by autism and gastrointestinal symptoms; in fact, no
Dales et al.[49] used basically the same approach and cases of inflammatory bowel disorder were reported
was published less than 1 month after the study of in their study. In conclusion, the study did not sup-
Kaye et al.[48] Cases were provided by the California port that a connection between vaccination and au-
Department of Developmental Services and com- tism exists, nor did it support the gut-mediated toxic
prised all children diagnosed with classic autism, encephalopathy hypothesis.
using the ICD-9 classification system, from 1980 to
1994. Data on MMR vaccination status was ob-

1.5 Cohort Studiestained from the California Department of Health
Services’ annual surveys of the immunisation levels
in Californian kindergartens (samples of 600–1900 The Danish study performed by Madsen et al. is
children every year). No association was found be- the only population-based cohort study performed to
tween the secular trend of childhood vaccination

date. It included all children born in Denmark be-
rates in California and the secular trend in the inci-

tween 1991 and 1998.[51] A total of 537 303 children
dence of children entering California’s regional ser-

were included in the cohort and approximately 82%
vice centre system. As in the study by Kaye et al., a

had been vaccinated. Information on vaccination
marked increase in the number of children with

history and autism diagnoses was obtained from the
autism was observed. In the 14-year period, the

Danish national registry systems. During the follow-number of cases of autism rose from 4 per 10 000 in
up period, 738 children were diagnosed with autistic1980 to 21 per 10 000 in 1994 (373% relative in-
spectrum disorders according to the ICD-10 classifi-crease), whereas the vaccination coverage by the
cation system. To estimate the validity of the diag-age of 24 months only rose from 72% to 82% (14%
nosis of autistic disorder, 40 patients were examinedrelative increase). This study had the same limita-
and 92.5% (n = 37) met the operational criteria fortions as the study by Kaye et al.,[48] but still provides
autistic disorder according to a systematic codingsome evidence against a causal association between
scheme developed by the US Centers for DiseaseMMR vaccination and autism.
Control and Prevention (CDC) for surveillance of
autism and used in a prevalence study in Brick

1.4 Cross-Sectional Studies Township, New Jersey.[58] The study showed similar
risks of autism in vaccinated and unvaccinated chil-
dren (adjusted relative risk 0.92; 95% CI 0.68, 1.24)A British cross-sectional study by Fombonne and
and no temporal clustering of autism in the timeChakrabarti[50] studied the temporal association be-
after immunisation. The lack of an association wastween MMR vaccination and autism, and the fre-
seen for children diagnosed with an autistic disorderquency of regression in children with autism. They
(n = 316), as well as children with other spectrumused three existing samples of autistic children, one
disorders (n = 422). The design of this study reducedpre-MMR vaccination (n = 98) and two post-MMR
the risk of selection and misclassification bias.vaccination (n = 96 and n = 68), and analysed the
However, the study had no information on the fami-data using different strategies. The authors predicted
ly history of autism or other mental disorders. Ifthat if a connection existed, the mean age of onset of
families with a history of autism avoid MMR vacci-autism would be closer to the mean immunisation
nation, a bias towards no effect could be present.date in the MMR vaccinated children compared with
Also, the study had no information on whether orthe unvaccinated children. However, they observed
not regression had been present in the autism cases.no shift towards a younger age of onset in the post-
Nonetheless, the Danish study provides argumentsMMR vaccination samples. They found no evidence
against any significant causal relation betweenof more children experiencing regression in the later

samples. Finally, they found no association between MMR vaccination and autism.

 2004 Adis Data Information BV. All rights reserved. Drug Safety 2004; 27 (12)
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1.6 Summary of Epidemiological Evidence It has been shown that children of parents with a
previous history of autism or other psychiatric disor-

In summary, we identified ten epidemiological ders have an increased risk of autism.[60] Further-
studies based on seven datasets that examined a more, it is conceivable that families with a history of
possible link between MMR vaccination and autism. autism or other psychiatric disorders will avoid
The studies used different designs and none corrob- MMR vaccination. If this is the case, confounding
orated the hypothesis that MMR vaccination is caus- by family risk could mask an association between
ally related to autism. Apart from the initial case MMR vaccination and autism and explain the nega-
reports from Wakefield et al.,[9,10] not one single tive findings.
piece of epidemiological evidence lends support to
the hypothesis. 2. Discussion

We have found no convincing scientific evidence1.7 Ongoing Studies
to support a causal relationship between the MMR

We are aware of at least four ongoing studies vaccine and the development of autism. The biologi-
dealing with the possible link between MMR vacci- cal plausibility remains questionable and there is a
nation and autism. sound body of epidemiological evidence to refute

The US CDC are currently conducting a case- the hypothesis. The alleged link rests largely on two
control study based on their ongoing monitoring of observations.
the occurrence of mental retardation, hearing loss, First, the ‘gut-mediated toxic encephalopathy hy-
vision impairment, cerebral palsy and autism.[59]

pothesis’ based on findings by Wakefield et al. In
Since the unvaccinated group is expected to be our opinion, this hypothesis is weak. Even if the
small, the main outcome measure will be the distri- mucosa is damaged by MMR vaccination, it would
bution of ages at vaccination. Case ascertainment is require at least impaired function of the liver and the
expected to be very thorough and additional infor- blood-brain barrier in order to lead to autism. The
mation on clinical characteristics and confounding liver would have to allow the passage of foreign
factors will be included. proteins, which would be filtered and degraded in a

A British study will use the UK General Practice person with a normal liver function.[61] The blood-
Research Database to set up a case-control study brain barrier, fully developed shortly after birth in
with ten controls per case selected from the term-born children, is impermeable to large mole-
database.[57] All diagnoses will be validated by a cules and thus would not allow the passage of tox-
detailed review of hospital records and by using ins, as suggested in the gut-mediated toxic en-
information derived from a parental questionnaire. cephalopathy hypothesis.[62] Finally, if the toxins did
In addition, case series analyses will be undertaken reach the brain, they would have to be neurotoxic in
to estimate the relative incidence of onset of autism a way that, to our knowledge, has not been demon-
in defined time intervals after vaccination. strated in humans or in animal models.

The outline of a study of 2400 autistic children Second, some parents report that the first sign of
was described in a US Institute of Medicine re- autistic symptoms in previously normal children
port.[42] The study will be very large and cover three occurred shortly after MMR vaccination. Moreover,
distinct time periods: (i) a period before measles the wide-scale use of the MMR vaccine in some
vaccination; (ii) a period of monovalent measles regions has been claimed to coincide with the appar-
vaccination; and (iii) a period of MMR vaccination. ent increase in the incidence of autism,[63] although
Although ecological in design, it may produce some this is not a uniform finding. Data on temporal
interesting time trends. trends in autism occurrence and MMR vaccination

Finally, a Danish study evaluating the possible coverage show that the increase in autism both in
‘healthy vaccination effect’ is in the planning stage. California, USA[49] and the UK[48] occurred well

 2004 Adis Data Information BV. All rights reserved. Drug Safety 2004; 27 (12)
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after the introduction of the MMR vaccine. The MMR vaccination is not one of the common causes
same pattern was found in Denmark where the of autism.[71]

MMR vaccination was introduced in 1987. The The hypothesis that MMR vaccination causes
prevalence of autism in children 2–10 years of age autism has been subjected to critical evaluation by
was below 1.0 per 10 000 until 1993 and since then many researchers who found no support for the
the rates have increased in all age groups. In 2000, theory.
the prevalence was >30 per 10 000 among children
2–10 years of age.[64] Acknowledgements
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adelphia (PA): Lea & Febiger, 1977 52. Mäkelä A, Nuorti JP, Peltola H. Neurologic disorders after
32. Plotkin SA, Cochran W, Lindquist JM, et al. Congenital rubella measles-mumps-rubella vaccination. Pediatrics 2002; 110 (5):

syndrome in late infancy. JAMA 1967; 200 (6): 435-41 957-63

 2004 Adis Data Information BV. All rights reserved. Drug Safety 2004; 27 (12)



840 Madsen & Vestergaard

53. Rosenthal S, Chen R. The reporting sensitivities of two passive Danish population-based data. Pediatrics 2003; 112 (3 Pt 1):
surveillance systems for vaccine adverse events. Am J Public 604-6
Health 1995; 85 (12): 1706-9 65. Halsey NA, Hyman SL. Measles-mumps-rubella vaccine and

54. Taylor B, Miller E, Farrington P. Autism and measles, mumps, autistic spectrum disorder: report from the New Challenges in
and rubella vaccine: authors’ reply. Lancet 2000; 355 (9201): Childhood Immunizations Conference convened in Oak
409-10 Brook; 2000 Jun 12-13; Illinois. Pediatrics 2001; 107 (5): E84

55. Farrington CP. Relative incidence estimation from case series
66. Medical Research Council. MRC review of autism research:

for vaccine safety evaluation. Biometrics 1995; 51 (1): 228-35
epidemiology and causes. London: British Medical Research

56. Gillberg C, Steffenburg S, Schaumann H. Is autism more com- Council, 2001
mon now than ten years ago? Br J Psychiatry 1991; 158: 403-9

67. DeStefano F, Chen RT. Autism and measles-mumps-rubella57. Smeeth L, Hall AJ, Fombonne E, et al. A case-control study of
vaccination: controversy laid to rest? CNS Drugs 2001; 15autism and mumps-measles-rubella vaccination using the gen-
(11): 831-7eral practice research database: design and methodology. BMC

Public Health 2001; 1 (1): 2 68. Wilson K, Mills E, Ross C, et al. Association of autistic spec-
trum disorder and the measles, mumps, and rubella vaccine: a58. Bertrand J, Mars A, Boyle C, et al. Prevalence of autism in a
systematic review of current epidemiological evidence. ArchUnited States population: the Brick Township, New Jersey,
Pediatr Adolesc Med 2003; 157 (7): 628-34investigation. Pediatrics 2001; 108 (5): 1155-61

59. Yeargin-Allsopp M, Rice C, Karapurkar T, et al. Prevalence of 69. DeStefano F. MMR vaccine and autism: a review of the evi-
autism in a US metropolitan area. JAMA 2003; 289 (1): 49-55 dence for a causal association. Mol Psychiatry 2002; 7 Suppl.

2: S51-260. Larsson HJ, Eaton WW, Madsen KM, et al. Risk factors for
autism: perinatal factors, parental psychiatric history and so- 70. Miller E. MMR vaccine: review of benefits and risks. J Infect
cioeconomic status. Am J Epidemiol. In press 2002; 44 (1): 1-6

61. Bircher J, Benhamou JP, McIntyre N, et al., editors. Oxford
71. Strategies for reducing global measles mortality. Wklytextbook of clinical hepatology. 2nd ed. Oxford: Oxford Uni-

Epidemiol Rec 2000; 75 (50): 411-6versity Press, 1999
62. Segal MB. The choroid plexuses and the barriers between the

blood and the cerebrospinal fluid. Cell Mol Neurobiol 2000;
Correspondence and offprints: Dr Kreesten M. Madsen, De-20 (2): 183-96
partment of Epidemiology and Social Medicine, The Dan-63. Wakefield AJ. MMR vaccination and autism. Lancet 1999; 354
ish Epidemiology Science Centre, Vennelyst Boulevard 6,(9182): 949-50
DK-8000 Aarhus C, Denmark.64. Madsen KM, Lauritsen MB, Pedersen CB, et al. Thimerosal and
E-mail: KMM@dadlnet.dkthe occurrence of autism: negative ecological evidence from

 2004 Adis Data Information BV. All rights reserved. Drug Safety 2004; 27 (12)


	Abstract 831
	1. Epidemiological Evidence 833
	1.1 Case Report Studies 834
	1.2 Case Series Studies 834
	1.3 Ecological Studies 835
	1.4 Cross-Sectional Studies 836
	1.5 Cohort Studies 836
	1.6 Summary of Epidemiological Evidence 837
	1.7 Ongoing Studies 837

	2. Discussion 837
	3. Conclusions 838
	Acknowledgements 838
	References 838
	Correspondence 840
	Email 840

