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SUMnARY
National potato tuber blight scores in the Repub-

lic of Ireland for the years 1961-70 were ascertained
and evaluated in relation to incidence of anen-
cephalic births in the following years. No significant
relationship between annual tuber blight scores and
incidence of anencephaly one year later could be
demonstrated. Examination of the records of a
maternity hospital for the years before, during, and
after the great midnineteenth century potato
famine in Ireland failed to show any appreciable
fluctuation in anencephaly/spina bifida incidence
during this period.

INTRODUCTION
Available evidence has indicated that polygenic

inheritance with much environmental interaction
is at present the most plausible hypothesis for the
aetiology of anencephaly and spina bifida (ASB)
(Carter, David, and Laurence, 1968). Tentative
identification of a common, and especially an
avoidable, environmental factor therefore merits
serious attention. For this reason the suggestion by
Renwick (1972) that such neural tube defects might
be largely preventable by eliminating from the diet of
potentially pregnant women a teratogen present in
blighted potatoes has attracted widespread and
conflicting reaction.

Renwick's hypothesis proposes that most probably
an antibiotic response in partially blighted potatoes
leads to the production of a substance or substances
with teratogenic activity. Elaboration of the embryo-
toxic material is thought to be more marked in
blight-resistant potato varieties and in those tubers
which have survived winter storage, especially under
imperfect conditions, following blight in the pre-
ceding year. Some experimental support for the

potato theory has been provided by Poswillo,
Sopher, and Mitchell (1972), who produced cranial
osseous defects in the offspring of marmosets whose
diet had been supplemented with blighted potato
concentrate during early pregnancy. These defects
were not, however, reproduced in supplementary
experiments (Poswillo et al., 1973).
The potatoes with highest teratogenic activity

are likely to be those eaten in the period March-June
of the year following a blight season. Resultant
cases of spina bifida should therefore be born in the
last month of that year or the first three of the
following year. Anencephalics caused by the
defective potatoes should, however, be born approxi-
mately two months earlier because of their shorter
modal duration of gestation (Guthkelch, 1962).
The availability of only annual incidence figures for
ASB for most of the years studied frustrates the
compilation of data for the sensitive October-
March period but, if anencephaly only is considered,
the incidence figures for the year following a blight
season should permit a fair test of any possible
relationship.

Rogers and Morris (1971) found a low recorded
mortality for spina bifida in England and Wales in
1848 when blight was widespread in the British
Isles. Since the effects of this epiphytotic were
nowhere more devastating than in Ireland it seemed
desirable to have some reliable data concerning the
incidence of ASB in an Irish maternity hospital at
this time.
The scope of the present investigation, designed

to help evaluate the validity of Renwick's hypothesis,
was (a) to determine the national incidence of
births of anencephalic infants in those years for
which data were available, (b) to formulate tuber
blight scores for the respective previous years, and
(c) to ascertain ASB incidence figures from the
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records of a maternity hospital for the periods
before, during (1845-47), and after the great potato
famine in Ireland.

METHOD
Annual stillborn (late fetal deaths) and neonatal

deaths due to anencephaly (International Statistical
Classification of Diseases, Injuries, and Causes of
Death, 7th Revision, 1955; International Detailed
List No. 751 and 8th Revision, 1965, No. 741) for
the years 1962-71 were obtained from the Central
Statistics Office. Annual live births for this period
were provided by the same source.

Stillbirths are not registered in the Republic
of Ireland but a system of notification of such births
has been in operation since 1957. Notification of
stillbirths due to all causes varied markedly in
different areas of the country in the early years of
the notification scheme; their numbers in the early
years are therefore thought to be understated. For
this reason we have expressed the anencephalic
(live and stillborn) death rate for each year as per
1,000 live births.
Data on tuber blight caused by Phytophthora

infestans were obtained from the Agricultural
Institute, Oak Park Research Centre, Carlow. The
national general incidence in susceptible varieties is
graded as follows: 1 = mild; 2 = moderate; 3 =
severe. The extent of tuber disease is thus indicated
by an empirical figure. For the years 1961-68 this is
based on results ofexperiments on ware crops and on
observations on crops grown primarily for seed.
The figures for 1969 and 1970 are based on country-
wide surveys by Inspectors from the Department
of Agriculture.
The Rotunda Hospital (Dublin) records of

deliveries in the years 1841-50 inclusive were
examined. This decade included the years before,

during, and after the great famine due to potato
blight in this country. All congenital defects including
spina bifida and anencephaly were noted in detail
in these records.

RESULTS

In Table I national tuber blight scores for sus-

ceptible varieties are shown in relation to total (live
and stillborn) anencephalic births and the anen-

cephaly rate per 1,000 live births one year later.
Visual presentation of annual tuber blight scores

and incidence of anencephaly one year later
(Figure) fails to show a consistent relationship.

Examination of the Rotunda Hospital records
for the years before, during, and after the great
famine does not indicate any great variation in the
numbers of babies born with spina bifida or anen-

cephaly (Table II).
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TABLE I

TUBER BLIGHT SCORES AND INCIDENCE OF ANENCEPHALY ONE YEAR LATER

Tuber Blight Scores
(score of national incidence Anencephalic Births Anencephaly Rate

Crop Year in Kerr's Pink) (live and stillborn) No. of Live Births (thousands) /1,000 live births

1961 .. .. 2 1962 173 61-8 2-80
1962 .. .. 2 1963 160 63X2 253
1963 .. .. 1 1964 162 64-1 253
1964 . .. 3 1965 161 63*5 254
1965 .. .. 2 1966 124 62*2 199
1966 .. . . 1 1967 175 61*3 2 85
1967 .. . 2 1968 139 61-0 2-28
1968 .. 3 1969 157 62-9 250
1969 .. 2 1970 148 64-1 2-31
1970 .. ..2 1971 152 67-8 2-24
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TABLE II
ASB IN ROTUNDA HOSPITAL RECORDS (1841-S0)

Annual No. of Anencephaly Spina Bifida ASB
Live Births in No. Born with No. Born with Rate /1,000 Rate t1.000 Rate /1,000

Year Rotunda Hosp. Anencephaly Spina Bifida live births live births live births

1841 2,020 1 0 0.50 0.00 0 50
Pre-famine .. 1842 2,193 0 1 000 046 046

1843 2,270 1 2 0-44 0 88 132
1844 2,201 0 0 0 00 0 00 0 00

1845 1,432 1 1 0 70 0 70 1 40
1846 2,038 0 1 0 00 0.49 0 49

Famine and 1847 1,976 0 1 0 00 0 51 0.51
Post-famine .. 1848 1,840 0 0 000 000 000

1849 2,115 1 1 0 47 0 47 0 94
1850 2,008 1 1 0 50 0 50 1 00

DISCUSSION
Data for the extent of tuber blight between 1961

and 1968 were available for some limited regions
only and not on a nation-wide basis. Corresponding
regional anencephaly figures were not available for
most of the years under study. Furthermore, since
the annual incidence of anencephaly for the whole
country was always less than 200, the regional
numbers, when these were available, were too
small for analysis. It was decided therefore to
employ a scoring system similar to that quoted by
Renwick (1972) to indicate national blight incidence.
In this paper, the empirical figure up to 1968 is
based on results of experiments in selected areas
and observations in the principal potato-growing
regions, and in 1969 and 1970 on surveys of the
whole country. It is evident that the method of
determining national incidence of tuber blight in
the 1961-68 period is less than ideal. It nevertheless
seemed important to us that in a country which has
an unusually high incidence of both anencephaly
(Coffey and Jessop, 1957) and potato blight, the
best available data should be examined. One factor
which might reduce the probability of a relationship
between potato blight and anencephaly is the fact
that Kerr's Pink, the most widely grown variety in
Ireland, is so sensitive to blight that most affected
tubers do not survive prolonged storage.

Local enquiry from major potato factors in Dublin
has elicited the information that 'from the beginning
of July most people in our area of supply have
switched to the use of new potatoes'. In seeking a
relationship between the annual incidence of anen-
cephaly and the severity of tuber blight in the
previous year we are aware that affected tubers
eaten in June could account for the birth of some
anencephalics in January of the second year after
the blight season. Thus while some anencephalics
potentially caused by old potatoes eaten in June
would not have been included in Table I and the

Figure we believe that the majority of affected
infants would have been included in our data
relating to old potatoes eaten in the March/May
period. Referring to both anencephaly and spina
bifida, Renwick (1972) states that 'the time of
injury to the embryo may well be almost identical
in the two conditions, i.e., in the U.K., maximally
in May at about the third week of gestation'. In
order to detect any possible effect of potatoes eaten
in June we looked for a relationship between tuber
blight and incidence of anencephalic births (a) two
years later and (b) one plus two years later. No
relationship could be demonstrated.

Despite the early deficiencies in the notification
scheme, certain factors increase the likelihood that
anencephalic stillbirths would have been fully
notified. First, less than 5% of births occurred in the
patient's own home during the years in question
and because of the greater incidence of antenatal
difficulties (e.g., hydramnios) in pregnancies involv-
ing an anencephalic fetus it is likely that almost all,
if not all, anencephalics were born in hospital
where notification procedures are generally strictly
observed. Furthermore, it is very probable that the
occasional anencephalic born in the patient's
home would have been notified by the doctor or
midwife because of the striking nature of the mal-
formation, even if stillbirths without apparent
cause were being under-reported in domestic
confinements.

Since our figures for anencephaly are based on
cause of death it is most likely that they include
cases of anencephaly with spina bifida. If this
assumption is accepted, the incidence figure of 2 4
per thousand live births for anencephaly during the
years 1964-68 inclusive for the Republic of Ireland is
considerably lower than the figure (including anen-
cephaly with spina bifida) of 4 v 2 per thousand
total births in Belfast County Borough as recently
reported by Elwood and Nevin (1973). Our expedient
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of recording total anencephalic births (live and
stillborn) as only per thousand live births might if
anything tend to exaggerate our incidence figures for
this condition. It seems, therefore, that the incidence
of anencephaly in the Republic of Ireland was

indeed appreciably lower in the 1964-68 period than
that observed in Belfast County Borough.
The incidence of ASB (8 in 11,409 live births)

revealed by the Rotunda Hospital records for the
famine and post-famine years 1845-50 was sur-
prisingly low in view of the graphic detail with
which even relatively minor malformations were
described. We were encouraged to believe that the
figures were a true reflection of ASB incidence in
these islands at that time by the not dissimilar
incidence, at least of spina bifida, recorded by
Rogers and Morris (1971) for England and Wales.
They noted a rate of 0 345 deaths at all ages per

1,000 live births for the year 1848. The overall
incidence of spina bifida in the years 1845-50 in the
Rotunda Hospital was 0 44 per 1,000 live births.
The results of a study by Bourke (1968) leave no
doubt about the extraordinarily high consumption
of potatoes by the Irish in the mid-nineteenth
century. If blighted potatoes were a factor in
causation of ASB the low incidence figures for
these malformations during and after the famine
could only be ascribed to the fact that very severe
infection of the tubers at the time of digging pre-
cluded their use even by the heavily potato-depen-
dent population.
Elwood and MacKenzie (1973), in a study of

Rotunda Hospital records for 1908-57, found no
evidence of a linear correlation between anencephaly
incidence and the frequency of blight outbreaks in
the previous year. The contemporary aspect of our

investigation, based on national anencephaly inci-
dence, has also failed to adduce evidence in support
of Renwick's hypothesis.

We wish to record our gratitude to Dr. Edwin W.
Lillie, Master of the Rotunda Hospital, Dublin, for
granting us access to the hospital records. The helpful
cooperation of the staffs of the Central Statistics and
Meteorological Offices, Dublin, is also gratefully ack-
nowledged.
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