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Abstract
Objectives—To investigate a reported
cluster of Down’s syndrome in oVspring of
former pupils of a girls’ school in Ireland,
to establish the prevalence of Down’s syn-
drome among live births in the area
around the school, and to review the
literature on the possible causes of re-
ported clusters of Down’s syndrome.
Methods—Questionnaire survey of obstet-
ric and personal histories of women who
had attended the girls’ school at Dundalk,
County Louth, Republic of Ireland, at
some time during 1956–7, and also of
women who had attended another, nearby,
girls’ school during the same period.
Comparison of observed numbers of cases
of Down’s syndrome identified by these
surveys with maternal age adjusted ex-
pected numbers for the reported live
births. Laboratory tests were conducted to
verify and characterise the cases of
Down’s syndrome constituting the cluster.
Retrospective collection and collation of
data on Down’s syndrome occurring
among live births, and the compilation of
maternal age specific incidences, in
County Louth and in Newry and Mourne
District in neighbouring Northern Ire-
land, during 1961–80. These rates were
compared with reference rates and rates
for other areas of Ireland.
Results—Six children with Down’s syn-
drome were confirmed among 387 reported
live births to women who had been pupils at
the girls’ school in Dundalk during 1956–7,
compared with 0.69 expected (nominal
p<10-4). Five of the aVected births were to
mothers under 30 years of age, against 0.15
expected (nominal p<10-6), although only
four of these mothers were attending the
school at any one time. The origin of the
non-disjunction was found to be maternal
first meiotic in four children, mitotic after
fertilisation in another (with the youngest
mother), and in the remaining one could
not be determined. The marked excess of
Down’s syndrome in births to young moth-
ers did not extend to oVspring of former
pupils of the other Dundalk girls’ school
surveyed, or to live births in County Louth
generally or in adjacent Newry and Mourne
District.
Conclusion—A striking, highly localised,
excess of Down’s syndrome in births to
young mothers who had attended a girls’
school in Dundalk during 1956–57 has
been confirmed. However, not all of the

mothers of the aVected children attended
the school concurrently and the origin of
non-disjunction in one child was an error
occurring after conception. Some expo-
sure essentially confined to girls attending
the school at this time is a possible,
although unlikely, explanation, but a re-
view of potential risk factors does not sug-
gest what this could be. Previous
suggestions that an influenza epidemic or
contamination from the Windscale nu-
clear reactor fire might be implicated,
both of which occurred in October 1957,
can be eVectively dismissed because three
of the women with aVected oVspring had
left the school by then and had moved
away from Dundalk, and Down’s syn-
drome in the child of another mother
originated in an error after fertilisation.
Owing to the retrospective nature of the
investigation and the characteristics of the
cases, chance is the most likely explana-
tion for the cluster.
(Occup Environ Med 2000;57:793–804)
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In 1983, Sheehan and Hillary1 reported the
preliminary findings of an investigation into an
unusual space-time cluster of six cases of
Down’s syndrome associated with a small girls’
school in the town of Dundalk, County Louth,
in the northeast of the Republic of Ireland. The
cluster was characterised by births to young
mothers who had attended the school during
the 1950s and the authors proposed that some
exposure of the mothers while pupils at the
school could be responsible for this unusual
aggregation of births with Down’s syndrome.
In subsequent correspondence, Sheehan and
Hillary2 reported that they had learnt of a fur-
ther two babies with Down’s syndrome born to
these mothers, bringing the number of cases
constituting the cluster to eight, which com-
pares with an estimate of less than one
expected.3

Sheehan and Hillary1 suggested that an out-
break of illness similar to influenza that
occurred at the school in October 1957 might
be relevant. However, the testing of serum
samples from the mothers of the original six
aVected children, from former pupils of this
and two other schools and from similarly aged
mothers of children with Down’s syndrome in
Ireland, for antibodies to several strains of
influenza and other infectious agents, showed
nothing unusual.1 The authors further sug-
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gested1 that radioactive contamination from
the fire (the Windscale fire) in October 1957 at
the Windscale No 1 Pile, a nuclear reactor at
Sellafield in northwest England, could be a
possible factor. In subsequent correspon-
dence3 4 it was pointed out that fallout from this
fire did not make a significant contribution to
the radiation exposure of the population of
either Dundalk in particular or Ireland in gen-
eral, and that evidence that exposure to
ionising radiation increases the risk of Down’s
syndrome in oVspring is weak. However, Sharp
and McConnell3 concluded that the cluster was
a suYciently unusual occurrence that alterna-
tive explanations should be examined. The
existence of the cluster has been widely
reported in the media.

Sheehan continued her investigation of this
cluster, but did not publish any further findings
in the scientific literature before her death in
1994. One of us (GD) has been given access to
Sheehan’s papers so that additional data from
her study of the cluster could be collated and
analysed. Also, data on the incidence of
Down’s syndrome in Dundalk and its general
vicinity have been collected to assess whether
the cluster is part of a broader phenomenon. In
this paper we report the results of this work. We
also review the literature on what is known of
the causes of Down’s syndrome.

Methods
QUESTIONNAIRE SURVEY

A remark in 1974 by the mother of a child with
Down’s syndrome about the number of her
schoolfriends with similarly aVected children
led Sheehan to contact women whom she had
identified as attending St Louis’ Secondary
School for Girls in Dundalk at some time
between September 1951 and June 1961.1 2 St
Louis’ School was a small convent secondary
school situated on the outskirts of Dundalk,
attended by girls aged 11–18 years, which
opened for day pupils in 1950 and for boarders
in 1953. After the publication of the prelimi-
nary findings about the cluster, in 1987
Sheehan issued a questionnaire, enquiring
about obstetric and personal histories, to 178
women whom she had identified from school
examination rolls and dates of birth as attend-
ing St Louis’ School during the years 1956 and
1957. Presumably, this period was chosen
because the cases of Down’s syndrome had
been found from her initial enquiries to be
concentrated among births to mothers who
had attended the school at some time in these
2 years. A questionnaire was also sent by Dr
Sheehan to each of the 671 women whom she
had similarly identified as attending a day
school for girls aged 5–18 years in Dundalk (St
Vincent’s School, the largest girls’ school in the
town) during 1956–7. The questionnaire phase
of the study was closed at the end of 1988 and
no results have been reported in the scientific
literature.

LABORATORY TESTS

Owing to the potential importance of the clus-
ter of eight births with Down’s syndrome
reported to be associated with St Louis’

School, checks were made on the identification
and diagnosis of these children, and on
information about maternal attendance at the
school during the 1950s. One of us (GD), with
the cooperation of St Louis’ School, checked
the details of the mothers contained in
Sheehan’s documents against school records.
Another of us (MM) had collaborated with
Sheehan in a cytogenetic analysis of peripheral
blood lymphocytes sampled from the five
aVected children who were alive in 1984 to
confirm Down’s syndrome. (One of these five
died at the age of 19 years in 1985.) Blood had
also been sampled from the parents, so that
chromosomal fluorescence heteromorphisms
(method described by Mikkelsen et al5) could
be used to find the origin of the supernumerary
chromosome 21 and the meiotic stage of
gametogenesis of the non-disjunction that led
to trisomy in the child. The results of this cyto-
genetic analysis have not been previously
reported. More recently, the four surviving
children and their parents have provided
further biological samples, in all but one
instance blood, the exception being a buccal
smear from one of the fathers. Also, an infant
who was subsequently reported2 as aVected
with Down’s syndrome and who died at the age
of 8 weeks had had a necropsy, and blocks had
been kept; we were given access to this
material, and the parents provided blood sam-
ples. Thus, biological material was available
from five aVected people and their parents for
analysis for DNA polymorphisms to find the
parental origin of the non-disjunction. Micros-
atellite DNA polymorphisms spanning the
entire 21q were detected after polymerase
chain reaction (PCR) amplification of genomic
DNA.6 The 12 polymorphisms studied were
the short sequence repeats at loci D21S369,
D21S215, D21S258, D21S16, D21S11,
D21S214, D21S210, D21S213, HMG14,
D21S212, D21S171, D21S1575. Amplifica-
tion of the PCR with end labelling of primers,
polyacrylamide gel electrophoresis of the am-
plification products, and autoradiography were
performed as described by Petersen et al.7 All
loci have been localised on the genetic linkage
map of human chromosome 21.8 The parental
origin of the extra chromosome 21 was found
by dose analysis when two diVerent alleles were
present in the proband, or by scoring the poly-
morphic alleles when three diVerent alleles
were present.9 The meiotic stage of non-
disjunction (meiosis i or ii) was assigned on the
basis of reduction to homozygosity at the four
pericentromeric 21q loci.10 A mitotic error after
fertilisation was assumed when pericentro-
meric markers were reduced to homozygosity
and there was lack of recombination along the
entire 21q.11

DOWN’S SYNDROME IN COUNTY LOUTH

County Louth (population 67 378 at the 1961
census) has two main towns, Dundalk (1961
population 19 790) in the north of the county
and Drogheda (1961 population 17 085) in the
south (figure). Louth County Hospital is
located in Dundalk and Our Lady of Lourdes’
Hospital in Drogheda. One of us (JO’S) was a
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paediatrician at Our Lady of Lourdes’ Hospital
where most babies with Down’s syndrome
born to mothers resident in County Louth
would have been examined, as until recently
there was no paediatrician at Louth County
Hospital. Down’s syndrome among live births
between 1961 and 1980 to mothers who were
normally resident in County Louth was of spe-
cific interest because of the possibility of some
exposure of the mothers, as schoolgirls, in
1956–7. These cases were identified from sev-
eral sources: the register of the handicapped;
hospital records in Dundalk and Drogheda, in
Newry and Kilkeel in adjacent Northern
Ireland, and in Dublin; and, since people with
Down’s syndrome could have died in infancy,
death registers. Other sources of information
were a major centre for the care of the mentally
handicapped, St John of God’s, at Drumcar,
County Louth (where one of us (MK) was
based); the Foundation for the Prevention of
Childhood Handicap; the Down’s Syndrome
Association of Ireland; and the records of the
cytogenetics laboratories at University College
Dublin and University College Galway. For the
mothers of aVected children, maiden names
were obtained from hospital and birth registers
and ages at birth from hospital records, and
this information was compared with details of
girls who had attended St Louis’ School or St
Vincent’s School. The maternal age profile of
all live births to women resident in County
Louth during 1961–80 is available for each
year from the Central Statistics OYce, but
birth data were not routinely collated for
smaller geographical units within County
Louth. There is no prenatal testing for Down’s
syndrome in the Republic of Ireland, and so

induced abortion does not influence the preva-
lence of Down’s syndrome among live births.

DOWN’S SYNDROME IN NEWRY AND MOURNE

DISTRICT

Owing to the closeness of Dundalk to North-
ern Ireland, data on incidence of Down’s
syndrome for the district of Northern Ireland
adjacent to County Louth, Newry and Mourne
District (figure), were also collected and
collated for the period 1961–80. Newry and
Mourne District was created in 1974 from six
local authority areas and the population of the
district at the 1981 census was 79 205. The
main town, Newry (1981 population 20 554),
contains the principal hospital serving the dis-
trict (Daisy Hill Hospital) and a small private
hospital, and a small hospital is also located at
Kilkeel. Another hospital in Newry (Newry
General Hospital) closed in 1975 and many of
the medical records were destroyed. A register
of congenital abnormalities among births to
women resident in Northern Ireland has been
maintained in Belfast by one of us (NN) since
1970.12 Down’s syndrome in births to women
normally resident in Newry and Mourne
District were identified from this register.
Down’s syndrome in births in this district
before 1970 were identified from hospital
records, registers of deaths, records of the
handicapped, and those of the Down’s Syn-
drome Association of Northern Ireland,
records of the cytogenetics laboratory in
Belfast, a survey of Down’s syndrome in
Northern Ireland carried out by the Institute
for Counselling and Personal Development,
and general practitioners. As the congenital
abnormalities register in Belfast may not have
been complete in the early years of its existence
these sources of information were also used to
cross check against the registry data for the
period from 1970. Prenatal diagnosis and sub-
sequent induced abortion is practised in
Northern Ireland and account must be taken of
such cases to allow a proper comparison with
prevalences of Down’s syndrome among live
births in the Republic of Ireland. Therefore,
records at Belfast were checked by one of us
(NN) to identify any such instances among
women living in Newry and Mourne District.
As for County Louth, maiden names and ages
at birth of mothers of children with Down’s
syndrome from Newry and Mourne District
were obtained from birth and hospital regis-
ters. This information was checked against the
school roll of St Louis’ School.

The maternal age structure of all live births
to mothers resident in Newry and Mourne
District is readily available for 1974 onwards
from computerised records held by the Regis-
trar General’s OYce, but no easily accessible
source of such information exists for the years
before 1974. As a consequence, records for all
live births in three hospitals in Newry and
Mourne District during the years 1961, 1966,
and 1970 were examined to obtain maternal
ages. It was assumed that the annual propor-
tions of these births by maternal age group
varied linearly between the years sampled.
These annual proportions were then applied to

Map showing County Louth, Republic of Ireland, and Newry and Mourne District,
Northern Ireland, and the location of the major towns in these two areas.

Northern Ireland

Newry and Mourne District

County Louth

Newry

Kilkeel

Dundalk

Drogheda

Irish Sea

Republic of Ireland

Cluster of Down’s syndrome 795

www.occenvmed.com

http://oem.bmj.com


the annual total number of live births in the
District for each year during 1961–70, the
annual numbers of live births being estimated
from those for the constituent local authority
areas on advice from the Registrar General’s
OYce. The maternal age distribution for 1970
and that for 1974 were used to similarly obtain,
through linear interpolation of proportions of
births by age group, the annual maternal age
structure of all live births during 1971–3.
Together with the exact number of births in
each maternal age group for 1974–80, this pro-
cedure allowed the maternal age distribution
for all live births during 1961–80 in Newry and
Mourne District to be estimated.

ANALYSIS

Observed numbers of cases of Down’s syn-
drome were compared with maternal age
adjusted expected numbers. These expected
numbers are the sum of maternal age specific
expected numbers, generated from the mater-
nal age specific reference rates for the preva-
lence of Down’s syndrome among live births
presented by Cuckle et al.13 The significance of
any excess of observed over expected numbers
was found from the Poisson distribution.
Significance values relating to the previously
reported cluster are nominal because compari-
sons were not identified initially.

Results
QUESTIONNAIRE SURVEY

Of the 178 questionnaires issued by Sheehan to
women who had been pupils at St Louis’
School, Dundalk, during the years 1956 and
1957, 159 (89%) were completed and re-
turned. Among the 387 live births identified in
these questionnaires were five with Down’s
syndrome included in the original report of
Sheehan and Hillary1; but the mother of the
sixth child with Down’s syndrome presented in
this original report1 was found not to have
attended St Louis’ School. She was a pupil at a
primary day school, Scoil Muire gan Smál
(School of the Immaculate Conception), which
was under the aegis of the St Louis’ Order and
was situated about 1 km away from the
secondary school. Questionnaires had not been
sent to mothers who had been pupils at this
primary school unless they had also attended
St Louis’ School during 1956–7. Conse-
quently, this sixth child with Down’s syndrome
should not be included in the cohort of

children identified through the questionnaires
sent to the specific group of past pupils of St
Louis’ School.

Two further cases of Down’s syndrome were
reported2 to have occurred among the oVspring
of former pupils of St Louis’ School. Both of
these children were reported2 to have died. A
completed questionnaire was obtained for the
mother of one of these children who had been
diagnosed with Down’s syndrome and had
died in infancy. On investigation, the other
child was found not to have died and not to
have Down’s syndrome. This child may have
been confused with a relative with Down’s syn-
drome born about the same time.

Details of the six cases of Down’s syndrome,
identified by the questionnaires as occurring
among children whose mothers attended St
Louis’ School during 1956–7, are given in table
1. The aVected children were born between
1963 and 1972, and the births showed no ten-
dency to occur at any particular time or place
(table 1). The maternal age at birth was under
30 years in all but one instance, the exception
being a mother who was 31 years of age at the
time of the birth. Four of the mothers were
boarders and two were day pupils at St Louis’
School, which is not especially unusual since
between 35% and 40% of girls attending this
school during the 1950s were boarders.

LABORATORY TESTS

Five of the aVected children and their parents
had previously been karyotyped by one of us
(MM), and the results are presented in table 2.
Primary trisomy 21 was found in all five cases.
Samples from four of these five families were
available for DNA analysis together with a fur-
ther family not previously studied, where the
child had died shortly after birth and necropsy
material was obtained. The conclusions on the
origin of the non-disjunction derived from the
laboratory analyses are presented in table 2.
(Full details of the DNA polymorphism
results, obtained as described in the methods
section, can be obtained from one of us
(MBP).) Four of the six cases were the result of
an error in the first maternal meiotic division.
In a further case, chromosome analysis of cyto-
genetic heteromorphisms had originally as-
signed the error to the second maternal meiotic
division, but DNA analysis showed a mitotic
event after fertilisation involving the maternally
derived chromosome. The study of cytogenetic

Table 1 Details of Down’s syndrome births to mothers who had attended St Louis’ Secondary School, Dundalk, during 1956–7, as obtained from
completed questionnaires

Case
identifier† Sex

Date of birth
(month/y) Place of birth Parity

Maternal
age (y)

Paternal
age (y)

Period at St
Louis’ Secondary
School (month/y) Comment

1 F 6/63 Newtownards, Northern
Ireland

1 21 27 9/54–6/59 Boarder

2 M 10/64 New York 1 26 33 9/54–6/56 Boarder
3* M 5/65 Drogheda 1 26 35 9/52–6/57 Day girl

Child died aged 8 weeks (necropsy carried out).
4 F 3/66 Dublin 1 26 27 9/52–6/57 Day girl

Child died aged 19 years (no necropsy).
5 M 5/70 Dublin 1 26 25 9/56–6/62 Boarder
6 M 12/72 Drogheda 3 31 34 9/55–6/59 Boarder

*Not in original report,1 but identified subsequently.2

†Not included in this table are one child with Down syndrome who was included in the original report1 but whose mother was found not to have attended St Louis’
Secondary School, and one child subsequently reported2 as aVected with Down syndrome who was found not to be so aVected (see text).
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polymorphisms cannot distinguish between
these two mechanisms. It was not possible to
find the origin of the non-disjunction in the
remaining subject, because of failure of the
DNA analysis of the necropsy material, despite
several attempts by us and the Forensic Science
Service in Birmingham. (The necropsy report
for this infant gave mongolism as the underly-
ing cause of death.) Cytogenetic analysis of
blood samples taken from the parents of this
child, undertaken to exclude the possibility of
familial translocation, showed a variant chro-
mosome 4 in the father (table 2). The variant
chromosome number 4, identified with QFQ-
banding, is generally considered to be clinically
unimportant.

ANALYSIS

The maternal age distribution of the 374 live
births with the maternal age identified in the
returned questionnaires completed by past
pupils of St Louis’ School is given in table 3.
Also given in table 3 are, for each maternal age
group, the observed number of births with
Down’s syndrome and the expected number of
such births obtained from maternal age specific
reference rates.13 The six observed births with
Down’s syndrome compare with a maternal
age adjusted expected number of 0.69 (nomi-
nal Poisson p(O>6)<10-4). The five aVected
births to mothers under 30 years of age
compare with 0.15 expected (nominal p<10-6).

Of the 671 questionnaires issued by Sheehan
to women who had been pupils at the larger day
school, St Vincent’s School, Dundalk, during
1956–7, only 319 (48%) were completed and
returned. Among the 920 live births reported
in these completed questionnaires were four
children with Down’s syndrome, which is in
excess of the maternal age adjusted expected
number of 1.8, but not significantly so. Only
one of the aVected births was to a mother
under 30 years of age (she was 29 years of age)
which compares with 0.4 expected. Again, this
diVerence is not significant. The results of
these comparisons must be viewed with
caution given the low response rate.

COUNTY LOUTH AND NEWRY AND MOURNE

DISTRICT

During 1961–70, in 17 012 live births to
mothers normally resident in County Louth
there were 48 babies with Down’s syndrome,
and during 1971–80 there were 37 with
Down’s syndrome among 19 489 live births.
The numbers of these births by maternal age
group are given in table 4, as are the maternal
age specific incidences for Down’s syndrome in
County Louth. Observed numbers did not dif-
fer significantly from maternal age adjusted
expected numbers for all maternal ages or
maternal ages less than 30 years during 1961–
70, 1971–80, or 1961–80.

During 1961–70, there were an estimated
17 141 live births to mothers resident in Newry
and Mourne District, Northern Ireland.
Among these births were 37 babies with
Down’s syndrome. During 1971–80, there
were 33 births with Down’s syndrome among
an estimated number of 16 382 live births. No
terminations of pregnancy after positive prena-
tal testing occurred among women resident in
Newry and Mourne District during these two
periods. From hospital records, maternal ages
for live births during 1961, 1966, and 1970
were available for, respectively, 54%, 63%, and
86% of all live births in the District. Details by
maternal age group are presented in table 4,
where estimated maternal age specific rates are

Table 2 Details of karyotypes and origin of non-disjunction in families of Down’s syndrome births to mothers who had
attended St Louis’ Secondary School, Dundalk, during 1956–7

Case
identifier

Family
Member Karyotype

Origin of non-disjunction

Chromosome polymorphisms DNA polymorphisms

1 Father 46, XY
Child 47, XX, +21 Maternal second meiotic Mitotic after fertilisation
Mother 46, XX

2 Father 46, XY
Child 47, XY, + 21 Maternal first meiotic Maternal first meiotic
Mother 46, XX

3* Father 46, XY, var(4)(p11,QFQ35)
Child — Not studied (child died) Failed
Mother 46, XX

4 Father 46, XY
Child 47, XX, +21 Maternal first meiotic Not studied (child died)
Mother 46, XX

5 Father 46, XY
Child 47, XX, +21 Maternal first meiotic Maternal first meiotic
Mother 46, XX

6 Father 46, XY
Child 47, XY, +21 Maternal first meiotic Maternal first meiotic
Mother 46, XX

*Necropsy carried out at Our Lady of Lourdes’ Hospital, Drogheda. Necropsy report gives the underlying cause of death as “mon-
golism”. Necropsy material unsuitable for DNA analysis.

Table 3 Number of live births, and the number of cases of Down’s syndrome observed and
expected among these births, by maternal age group, for women who attended St Louis’
Secondary School, Dundalk, during 1956–7, as determined by completed questionnaires
(reference rates are those obtained by Cuckle et al13)

Maternal age
group (y)

Live births
(n)

Observed cases of
Down’s syndrome
(n)

Reference incidence of
Down’s syndrome
(per 104 live births)

Expected cases of
Down’s syndrome
(n)

<20 0 0 6.2 0
20–24 23 1 6.7 0.015
25–29 158 4 8.8 0.139
30–34 127 1 13.8 0.175
35–39 56 0 39.3 0.223
40–44 10 0 138.2 0.138
>45 0 0 404.2 0
N/A* 13 0 — —

*Maternal age at the birth not available.
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also given. No significant diVerences between
observed and expected numbers occurred for
either all maternal ages or maternal ages under
30 years during 1961–70, 1971–80, or 1961–
80.

Inspection of maiden names and ages of
mothers of children with Down’s syndrome
(details which were almost invariably available
from records), who could have attended school
during 1956–7, did not show any further
former pupils of St Louis’ School or St
Vincent’s School. Owing to the initial identifi-
cation of an aVected child of a mother who had
attended the primary school in the vicinity of St
Louis’ School during 1956–7, the mothers of
children with Down’s syndrome born in
County Louth or Newry and Mourne District
were checked against the roll for this school.
This showed a further two children with
Down’s syndrome born to mothers who were
pupils at this primary school in 1956–7,
although one of these mothers left the school in
June 1956. Primary trisomy 21 was confirmed
in all three children. Only one of the mothers
was under 30 years of age at the birth of the
aVected child, and she was 28 years old. From
the primary school roll, at least 250 girls would
have attended the school in 1956–7. Assuming
that the average number of live births per pupil,
and the maternal age distribution of these
births, are the same for the primary school girls
as for girls attending the socioeconomically
similar St Vincent’s School in 1956–7, then the
expected number of live births to these 250
former pupils is 720, among which would be,
on average, 1.4 babies aVected with Down’s
syndrome. Among the estimated 370 live births

to mothers under 30 years of age, 0.3 cases of
Down’s syndrome would be expected. Neither
of these expected numbers diVers significantly
from the numbers observed.

TURNER’S SYNDROME

Further examination of the 159 questionnaires
returned by former pupils of St Louis’ School
showed two live born oVspring aVected by
chromosomal abnormalities other than Down’s
syndrome. In both, the anomaly was Turner’s
syndrome, characterised by monosomy X.
Details are given in table 5. Turner’s syndrome
has a birth prevalence in females of 1 in 2000 to
1 in 5000,14 which shows no apparent variation
with parental age.15 Therefore, in the 203 live
born girls of mothers who completed the ques-
tionnaire, at most 0.1 cases of Turner’s
syndrome would be expected. The two ob-
served are a significant excess (nominal
p<0.005). Cytogenetic analysis of peripheral
blood lymphocytes previously sampled from
one of the aVected children (case A), carried
out at the cytogenetics laboratory in Belfast,
had shown a mosaic karyotype, 45,X/
46,X,i(X)(q10). Samples of peripheral blood
were obtained from both aVected people and
their parents for DNA analysis. Karyotyping of
the other girl (case B) was also carried out, and
showed non-mosaic 45,X. Analysis for six
DNA polymorphic loci on the X chromosome
indicated that the child with non-mosaic
monosomy X was the result of maternal
meiotic non-disjunction. The error resulting in
the mosaic arose after fertilisation and involved
the paternally derived X chromosome.

Table 4 The numbers of live births, numbers of live births with Down’s syndrome and prevalences of Down’s syndrome per
104 live births, during 1961–80 and 1971–80 by maternal age group for County Louth and Newry and Mourne District
(reference incidences of Down’s syndrome from Cuckle et al13)

Maternal age
group (y)

Reference
incidence of
live births
with Down’s
syndrome
(×10−4)

1961–70 1971–80

Live births
(n)

Live births
with Down’s
syndrome (n)

Prevalence of
live births with
Down’s
syndrome
(×10−4) (n)

Live births
(n)

Live births
with Down’s
syndrome (n)

Prevalence of
live births with
Down’s
syndrome
(×10−4) (n)

County Louth:
<20 6.2 502 0 0 994 2 20.1
20–24 6.7 3567 2 5.6 5090 3 5.9
25–29 8.8 4792 5 10.4 6327 4 6.3
30–34 13.8 3935 6 15.2 4165 6 14.4
35–39 39.3 2861 15 52.4 2163 12 55.5
40–44 138.2 1229 13 105.8 667 9 134.9
>45 404.2 102 7 686.3 53 1 188.7
N/A* — 24 0 — 30 0 —

Newry and Mourne District:†
<20 6.2 737 0 0 985 0 0
20–24 6.7 4052 0 0 4533 1 2.2
25–29 8.8 4926 4 8.1 5117 5 9.8
30–34 13.8 3905 6 15.4 3438 7 20.4
35–39 39.3 2454 11 44.8 1697 8 47.1
40–44 138.2 954 12 125.8 556 11 197.8
>45 404.2 96 4 416.7 48 1 208.3

*Maternal age at the birth not available.
† For 1961–73, the annual numbers of live births were estimated as described in the text.

Table 5 Details of live births with Turner’s syndrome to mothers who had attended St Louis’ Secondary School, Dundalk,
during 1956–7, as obtained from completed questionnaires

Case
identifier

Date of birth
(month/y)

Place of
birth Parity

Maternal
age (y)

Paternal
age (y)

Period at St Louis’
Secondary School
(month/y) Comment

A 5/68 Belfast 1 24 29 9/57–6/62 Day girl
B 1/70 Liverpool 2 26 28 9/56–6/61 Boarder
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Discussion
THE SCHOOLS

The high level of response (89%) to the
questionnaires issued to former pupils of St
Louis’ School, the publicity given to the original
report1 of this cluster, and the absence of any
further linkages of children with Down’s
syndrome to oVspring of former pupils of the
school, gives confidence in the completeness of
the known number of births with Down’s
syndrome to women who had attended the
school during 1956–7. If it is assumed that the
additional 13 live births with an unknown
maternal age (table 3) have the same maternal
age distribution as those 374 live births with a
known maternal age, and if it is further assumed
that the same average number of live births with
the same maternal age profile apply to those
women who did not respond to the question-
naire as were found for those who did, then the
maternal age adjusted expected number of
cases of Down’s syndrome among all live births
to women who had attended St Louis’ School
during 1956–7 would increase to 0.80. If no
Down’s syndrome occurred among the live
born children of the non-responders, then an
observed number of six compares with an
expected number of 0.80 (nominal p<5x10-4).
If attention is concentrated on the 181 live
births to mothers known to have been under 30
years of age when they gave birth, then, on the
same assumptions about missing information,
the expected number would be 0.18 (nominal
p<5x10-6). Therefore, given the high response
rate and the relatively few live births for which
information is lacking, the nominal significance
of the excess is robust. Evidently, the cluster
constitutes a highly unusual aggregation of
Down’s syndrome.

By contrast, the low response rate (48%)
among past pupils of St Vincent’s School does
not allow confidence in a comparison of
observed and expected numbers. If it is
assumed, however, that no further cases
occurred among live births to non-responders
and that these births have the same maternal
age structure as those to responders, then the
four births with Down’s syndrome at all mater-
nal ages, one of which was to a mother under
30 years old, would be very similar to the
expected numbers for all past pupils of 3.7 and
0.8, respectively. Given the absence of any fur-
ther linkages between mothers of aVected chil-
dren and pupils of St Vincent’s School during
1956–7, it is reasonably clear that the marked
excess of Down’s syndrome among children of
young mothers who were former pupils of St
Louis’ School does not extend to the oVspring
of past pupils of the larger St Vincent’s School.

As well as the child with Down’s syndrome
born to a mother who had attended the
primary school near St Louis’ School in
1956–7, and who was originally1 (and mistak-
enly) thought to have attended St Louis’
School, two aVected oVspring of past pupils of
this primary school were identified. Question-
naires had not been issued systematically to
past pupils of the primary school and so
approximate expected numbers of cases of
Down’s syndrome in the oVspring had to be

derived. No significant diVerences between
observed and expected numbers were found,
although the comparisons could only be crude.
However, the single aVected birth to a mother
under 30 years of age suggests that a notable
excess of Down’s syndrome is not present in
the oVspring of young mothers who had
attended this primary school in 1956–7.

COUNTY LOUTH AND NEWRY AND MOURNE

DISTRICT

The maternal age specific incidences of
Down’s syndrome for County Louth during
1961–70 and 1971–80 (shown in table 4),
periods which include the dates of birth of the
children with Down’s syndrome born to moth-
ers who had attended St Louis’ School in
1956–7, do not indicate that the underlying
risk of Down’s syndrome, whether for all
mothers or for young mothers specifically, is
raised in comparison with that expected from
reference rates. Our Lady of Lourdes’ Hospital
in Drogheda is the major maternity hospital in
the north east of the Republic of Ireland.
Between 1962 and 1973, 78 babies with
Down’s syndrome were born at this hospital
out of a total of 27 227 live births, giving a
crude incidence of 28.6/104 live births. This
rate is comparable with the crude rate of 28.2/
104 live births found for County Louth during
the similar period 1961–70. More than half of
the mothers giving birth at Our Lady of Lour-
des’ Hospital during this period were not resi-
dent in County Louth, suggesting that the inci-
dence of Down’s syndrome in County Louth is
typical of the north east of the Republic of Ire-
land as a whole.

Although routinely collated birth data do not
exist for smaller geographical areas within
County Louth, so that it is not possible to
determine the prevalence of Down’s syndrome
among live births to mothers resident in Dun-
dalk itself, a rough comparison of observed
with expected numbers can be carried out from
the numbers of women living in Dundalk and
the rest of County Louth, which are available
from census data. During 1961–70 and 1971–
80, just under one third of women of child
bearing age resident in County Louth were liv-
ing in the town of Dundalk. During these two
periods, out of totals of 48 and 37 live births
with Down’s syndrome in the whole of County
Louth, 13 and 14 aVected births, respectively,
were to mothers resident in Dundalk. Conse-
quently, from this breakdown, there is no
evidence of any unusual distribution of the risk
of Down’s syndrome between the town of
Dundalk and the remainder of County Louth.

The observed prevalences for Down’s syn-
drome among live births in the Newry and
Mourne District of Northern Ireland during
1961–70 and 1971–80 are comparable with
reference rates (table 4), and do not suggest an
unusual level of risk. Certain assumptions had
to be made to derive the maternal age distribu-
tions of live births in Newry and Mourne
District, but these are unlikely to seriously
underestimate the observed rates.
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COMPARISON WITH OTHER AREAS IN IRELAND

The live birth prevalences of Down’s syndrome
in County Louth and Newry and Mourne Dis-
trict may be compared with those that have
been published for other areas of Ireland.
O’Brien and Crowley16 examined the incidence
of Down’s syndrome among 111 208 live
births during 1966–81 at the National
Maternity Hospital, Dublin. There were 225
babies with Down’s syndrome live born in this
hospital during this 16 year period. The mater-
nal age specific incidences of Down’s syndrome
obtained by O’Brien and Crowley are shown in
table 6. Johnson et al17 studied the prevalence of
Down’s syndrome among live births in
1981–90 in four Irish counties (Dublin,
Kildare, Wicklow, and Galway) which were
covered by registries participating in the Euro-
pean registration of congenital anomalies
(EUROCAT) project.18 The maternal age spe-
cific rates are given in table 6. The Lowry com-
mittee (on which NN sat) investigated the inci-
dence of Down’s syndrome in districts of
Northern Ireland during 1974–84.11 The data
presented were for live births and did not
include cases of positive prenatal testing and
subsequent induced abortion which is prac-
tised in Northern Ireland, unlike the Republic
of Ireland. As induced abortions will influence
the prevalence of Down’s syndrome among live
births, it is important to include data on
induced abortions where these contribute a
considerable fraction of the overall number of
cases of Down’s syndrome, to enable a proper
comparison with areas where termination of
pregnancy is not performed. One of us (NN)
has collated relevant terminations in Northern
Ireland during 1974–84. Also available from
the EUROCAT registry for Northern Ireland
(maintained by NN) are the numbers of live
births and induced abortions with Down’s syn-
drome between 1985 and 1997. The number
of terminations was multiplied by 0.74 before
being added to the number of live births with
Down’s syndrome to account for the likelihood
that the pregnancy would have resulted in a
stillbirth.19 The resulting maternal age specific
incidences for Northern Ireland for the period
1974–97 are given in table 6.

The rapidly rising risk of Down’s syndrome
with increasing maternal age is well estab-
lished. Therefore, it is necessary to correct for
the maternal age distribution of births when
comparing areas where, or periods when, the

proportion of births to older mothers diVers, as
is the case in Ireland. Under these circum-
stances, the comparison of crude incidences is
likely to be misleading. It is clear, however, that
when a comparison is made of maternal age
specific rates of Down’s syndrome for those
areas of Ireland for which data are reasonably
complete and reliable, then incidence of
Down’s syndrome does not show marked vari-
ations. The maternal age specific incidences for
County Louth and Newry and Mourne
District are compatible with those obtained
from other areas of Ireland (table 6).

INTERPRETATION OF CLUSTERS

It seems clear that the excess occurrence of
Down’s syndrome among babies born to young
mothers who were pupils of St Louis’ School,
Dundalk, in 1956–7 is highly unusual but that
it does not extend generally to Dundalk or to
the rest of County Louth, or to the adjacent
Newry and Mourne District. Indeed, the
maternal age specific incidences of Down’s
syndrome for County Louth and Newry and
Mourne District are at the levels expected from
reference rates and from other areas of Ireland.
It must be considered, therefore, whether this
localised cluster of cases associated with
maternal attendance at St Louis’ School during
1956 and 1957 represents a genuinely raised
underlying risk of Down’s syndrome, or
whether the cluster is a rare eVect of chance
which does not reflect an increased risk.
Although it would seem at face value that the
play of chance would have to be extreme to
account for this cluster, it must be appreciated
that striking clusters will occur naturally as sta-
tistical fluctuations above a uniform underlying
risk, and that the retrospective nature of most
cluster investigations tends to enhance the
nominal significance of clusters which are
reported by alert clinicians.

Given the diYculty of distinguishing a causal
signal from statistical noise, Rothman20 has
argued that:

“with very few exceptions, there is little scientific or
public health purpose to investigate individual
disease clusters at all”

and this has been illustrated by Caldwell21 who
noted that of 108 cancer clusters investigated
by the United States Centers for Disease Con-
trol from 1961, no clear cause was found for
any cluster. Olsen et al22 have highlighted the

Table 6 Maternal age specific incidences of Down’s syndrome (per 104 live births) for various areas of Ireland (numbers
of live births with Down’s syndrome are given in parentheses)

Maternal
age group
(y) Reference13

County Louth
(1961–80)

Newry and
Mourne
District
(1961–80)

National Maternity
Hospital, Dublin16

(1966–81)*

Counties Dublin,
Kildare, Wicklow,
and Galway17

(1981–90)
Northern Ireland
(1974–97)†

<20 6.2 13.4 (2) 0 (0) 4 5.4 (7) 4.7 (22)
20–24 6.7 5.8 (5) 1.2 (1) 4 6.4 (32) 6.6 (108.7)
25–29 8.8 8.1 (9) 9.0 (9) 9 9.7 (79) 9.3 (195.7)
30–34 13.8 14.8 (12) 17.7 (13) 15 15.2 (101) 15.4 (217.4)
35–39 39.3 53.7 (27) 45.8 (19) 56 43.2 (132) 43.9 (254.0)
40–44 138.2 116.0 (22) 152.3 (23) H166

137.8 (93) 153.2 (191.6)
>45 404.2 516.1 (8) 347.2 (5) 390.2 (16) 322.0 (21.2)

*The number of Down’s syndrome live births in each maternal age group is not given by O’Brien and Crowley,16 but overall there
were 225 Down’s syndrome babies among 111 208 live births.
†Includes 956 live births and (with appropriate adjustment, see text) 74 cases of positive prenatal testing and subsequent induced
abortion.
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tendency in retrospective investigations of dis-
ease clusters for “boundary tightening” around
the population in which the cluster is seen:

“the more narrowly the underlying population is
defined, the less will be the number of expected
cases, the greater will be the estimates of the excess
rate, and often the more pronounced will be the
statistical significance”.

They have likened this process to the “Texas
sharpshooter” who first fires his gun and then
draws the target around the bullet hole, an
analogy first used by GruVerman and Delzell23

when discussing clusters of Hodgkin’s
lymphoma. Glass et al24 illustrated this point
with childhood leukaemia data for Los Angeles
County. They noted that by severely tightening
the boundaries around a few cases, they were
able to create clusters comparable with those
previously described in the scientific literature.
They warned:

“in the study of a relatively rare disease such as leu-
kaemia, it is important to keep in mind the
possibility that seemingly high concentrations of
cases may be generated by over-zealous statistical
manipulation”.

Boundary constriction is not just a problem of
geographical area, but applies equally to the
choice of time interval, age group, disease type,
etc selected retrospectively. Recently, the prob-
lem of interpreting clusters has been empha-
sised by Hook and Carothers25 who analysed a
reported excess of Down’s syndrome in births
to young mothers in Norway during 1985–6,
and concluded that it was likely to have arisen
by chance.

There is no doubt that the cluster of cases of
Down’s syndrome associated with St Louis’
School is a retrospective observation which has
had boundary tightening: the adverse health
eVect (Down’s syndrome) and the location
(maternal attendance at St Louis’ School) were
dictated by the initial report, and the cluster
was further defined in retrospect by period
(1956–7) and age group (maternal age <30
years). This makes the true significance of this
cluster diYcult, if not impossible, to properly
assess. Interpretation is further complicated by
two of the five young mothers (cases 2 and 5)
not attending the school at the same time, and
by the error which led to Down’s syndrome in
the child of a further young mother (case 1)
occurring after fertilisation. (That Down’s syn-
drome in four of the six aVected children origi-
nated at the first maternal meiotic division is
not surprising as, in general, 80%–90% of cases
are maternally derived, and of these, about
75% are due to first meiotic failure.26–27) This
diYculty of interpretation is enhanced by the
nominally significant excess of another chro-
mosomal anomaly, Turner’s syndrome, in the
same group of children: one of the two was a
mosaic, with the error after fertilisation involv-
ing the paternally derived X chromosome, and
could not be due to any exposure of the mother
as a child, but the second was the result of
maternal meiotic non-disjunction and this is
thought to occur in only 20%–30% of cases of
Turner’s syndrome.15

CAUSES OF DOWN’S SYNDROME

If the cluster of Down’s syndrome is not a
highly unusual chance fluctuation, but reflects
a genuinely increased underlying risk, then
what factor (or factors) might have caused this
raised risk? It is apparent that the two possible
causes originally suggested by Sheehan and
Hillary,1 the influenza epidemic during the
autumn of 1957 and radioactive contamination
from the Windscale fire of October 1957, are
implausible candidates. Of the five girls at St
Louis’ School during the years 1956–7 who
later gave birth to a child with Down’s
syndrome while under 30 years of age, three
(cases 2, 3, and 4) had left St Louis’ School
before the 1957 summer vacation, and these
three in themselves constitute a significant
excess over expectation (nominal p<0.001), so
that events occurring at the school in the
autumn of 1957 cannot account for the excess.
These three girls were not in Dundalk in the
autumn of 1957 but were by then resident in
either London or Dublin, so that factors local
to Dundalk at this time could not have aVected
them. Furthermore, the influenza epidemic
involved the whole of Ireland and it would also
be expected that any radioactive contamination
from the Windscale fire would influence a
wider area than just St Louis’ School, making
these two occurrences improbable explana-
tions for the highly localised nature of the clus-
ter of Down’s syndrome. Moreover, the testing
of serum samples from six mothers of aVected
children for antibodies to several strains of
influenza showed nothing unusual,1 and the
radioactive plume from the Windscale fire
travelled predominantly in a southeasterly
direction over England to the mainland of
Europe, rather than in a westerly direction over
Ireland.28 It must also be noted that Down’s
syndrome in one of the aVected children (case
1) whose mother was at the school in October
1957 has now been shown to be the result of an
error in mitosis after fertilisation and it is diY-
cult to envisage how this could have been
influenced by childhood events.

The only well established risk factor for
Down’s syndrome is increasing maternal age,
and there is still very little knowledge of the
mechanisms that cause non-disjunction. Re-
cently, it has been suggested that chromosome
segregation is influenced by the extent and
nature of the genetic recombination which
occurs during the first meiotic division and that
this influence can extend to the second meiotic
division.29 However, the search for factors in
the environment, or related to the health of the
mother, which could aVect segregation and
hence result in increased meiotic non-
disjunction has so far failed to identify anything
conclusive.30 In the 1960s it was found that
thyroid disease was more common in women
who had given birth to a child with Down’s
syndrome and this led to suggestions that
increased concentrations of maternal thyroid
antibodies could be associated with an in-
creased risk.31 32 Although several subsequent
studies seemed to show increased concentra-
tions of thyroid antibodies in mothers of
children with Down’s syndrome, these have
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been criticised for being conducted many years
after the birth of the child and for the quality of
the control data, and two recent studies have
failed to confirm that the presence of thyroid
antibodies in maternal serum samples is a sig-
nificant risk factor.33 34

The finding that births of children with
Down’s syndrome seem to be aggregated led
Pleydell35 to suggest the involvement of an
infectious agent. Stoller and Collmann36 found
a significant association between the occur-
rence of infectious hepatitis and the birth of
children with Down’s syndrome 9 months
later, but other studies have found no evidence
for such a correlation.37–39 A study39 of Down’s
syndrome in births in British Columbia, as well
as finding no correlation with infectious hepa-
titis, found no variation in yearly or seasonal
incidence nor any association with several
other notifiable diseases (streptococcal infec-
tions, chicken pox, influenza, measles, mumps,
poliomyelitis, and rubella). Nevertheless, sea-
sonal variations have been reported (references
cited by Puri and Singh40) with most of these
studies finding a lower frequency of aVected
births in the winter and a peak in the summer.
However, a recent review by Stolwijk et al41

concluded that the prevalence of Down’s
syndrome is not aVected by seasonality and this
has been supported by analysis of data from the
United Kingdom national Down’s syndrome
cytogenetic register.42 Kallen43 has reviewed the
conflicting data on maternal smoking and
Down’s syndrome, and after a study of Swedish
health registries, has concluded that there is no
direct risk from smoking on Down’s syndrome.
Suggestions that parity may influence the risk
of Down’s syndrome have not been supported
by recent studies which have recognised that
the confounding eVects of diVerent attitudes to
termination of pregnancy may influence such
findings.44 45 An increase in chromosomal
anomalies has been found in children of moth-
ers taking various drugs around the period of
fertilisation.46 In a recent comprehensive study,
Stoll et al47 examined a range of maternally
related factors such as smoking, alcohol
consumption, medication, diabetes, parity, and
contraceptives, and also investigated paternal
age, seasonality, and consanguinity. There was
some suggestion that consanguinity and mater-
nal diabetes might be associated with Down’s
syndrome, but no other factors were identified.

Perhaps the most extensively studied envi-
ronmental factor in relation to Down’s syn-
drome is ionising radiation. After a review of
maternal preconception irradiation the United
Nations Scientific Committee on the EVects of
Atomic Radiation concluded that the data do
not allow the dismissal of the possibility that
radiation can cause an increase in maternal
non-disjunction, but noted that this suggestion
is not supported by data from the children of
the Japanese atomic bomb survivors.48 The
United States Committee on the Biological
EVects of Ionizing Radiations, while recognis-
ing that non-disjunction is an important
contributor to the spontaneous genetic burden
in humans, concluded that low level irradiation
may not be a serious concern.49 Data that sug-

gest a higher incidence of Down’s syndrome in
areas of high background radiation have been
severely criticised,48–50 and the earlier report of
an increased incidence in the high background
radiation area of Kerala51 has not been
supported by studies that used more reliable
databases.52 Other studies have also failed to
provide convincing evidence for Down’s syn-
drome being produced by exposure to
radiation,53–59 the one puzzling result being an
apparently significant eVect found for exposure
to radiation in older fathers.60 Bound et al61

reported an association between the prevalence
of Down’s syndrome in births in northwest
England during 1957–91 and the annual level
of fallout from atmospheric nuclear weapons
testing. However, in a preliminary study after
the accident at Chernobyl in 1986, de Wals et
al62 examined data submitted to EUROCAT
registries and found no evidence for an
increase in Down’s syndrome associated with
exposure around the time of conception, a
finding recently confirmed by Dolk et al.63 In a
review of national studies on the impact of the
Chernobyl accident, Little64 noted that the
increase in Down’s syndrome in West Berlin in
January 1987, first reported in English by
Sperling et al,65 is not confirmed in larger and
more representative European series. Burkart
et al66 have noted that the cluster in West Berlin
was preceded by an equally significant cluster
in northern Bavaria and a previously higher
than average rate in southern Bavaria, both of
which have their origins before the Chernobyl
accident. An excess of cases in the Lothian
Region of Scotland, reported as being associ-
ated with Chernobyl fallout, has not been con-
firmed in a recent more extensive analysis,68

and Stoll et al47 note that no space-time clusters
were found in their study of the Strasbourg
area, although the Chernobyl accident oc-
curred during the course of the study. In a
recent review, Verger69 concludes that the
current evidence from epidemiological studies
for an association between Down’s syndrome
and radiation is “contradictory and not con-
vincing”.

Any exposure that was to be responsible for
the cluster of Down’s syndrome associated
with maternal attendance at St Louis’ School
would have to be highly localised in its eVect to
have such a pronounced influence solely upon
the girls of this particular school, and seem-
ingly would have to have occurred sometime
between September 1955 and June 1957 when
all of the women were pupils at the school for at
least 1 academic year. It is possible that pupils
experienced a very localised viral infection
during this period, but there is no evidence to
suggest this, and the presence of a considerable
proportion of day girls makes this possibility
less likely than when the school was thought to
be a closed community.2 Discussions with
teachers at St Louis’ School did not show evi-
dence of any other unusual exposures experi-
enced predominantly by the girls of St Louis’
School rather than by all girls resident in the
general vicinity of Dundalk.
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Conclusion
In conclusion, we have been able to confirm a
striking cluster of cases of Down’s syndrome
among births to young mothers who had
attended St Louis’ School in Dundalk at some
time during 1956 and 1957. No excess risk of
Down’s syndrome was found for children of
mothers who would have been resident else-
where in Dundalk, or in the rest of County
Louth, or in the adjacent area in the south of
Northern Ireland, during this period. We have
been unable to find a plausible common cause
of the cases constituting this cluster, and details
of the individual cases suggest that there may
not be one. Previously proposed possible
explanations, an influenza epidemic or the
Windscale fire, both of which occurred in the
autumn of 1957, can be eVectively eliminated
because they cannot account for the cluster,
and their action would not be so localised.
Owing to the retrospective nature of this inves-
tigation, and therefore, of the definition of the
cluster by the cases observed, we are unable to
rule out chance as being wholly or principally
responsible, and this may well be the most rea-
sonable explanation.
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