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Occasional Review

Routine neonatal screening for phenylketonuria in the
United Kingdom 1964-78

Medical Research Council Steering Committee for the MRC/DHSS Phenylketonuria
Register

Abstract

From 1964 to 1968, despite a general policy of routine
neonatal screening for phenylketonuria that was usually
carried out using the Phenistix nappy test, half to one-

quarter of all cases reported to the register had been
missed in the screening programme and had not been
detected before the age of 4 months. In about two-thirds
of the "missed" cases no screening test had been carried
out, and in one-third a urine test had been performed
but had given a false-negative result. In 1968-9 the
screening programme was reorganised according to
recommendations made in a Government circular
(HM (69) 72), which proposed that a specimen of blood
should be obtained by heel prick from all newborn
infants between the 6th and 14th day of life and be tested
in a central laboratory for the presence of raised blood
phenylalanine concentrations. The senior medical officers
ofthe various regions were made responsible for ensuring
that all infants were tested. By 1974 only 1 to 2% of
surviving infants were not being tested for phenyl-
ketonuria in the neonatal period, and only five of the
357 cases born between 1974 and 1978 and notified to the
register had been diagnosed after the age of 3 months.

We review the progress of the British screening programme
for phenylketonuria from 1964 to 1978. The data came from
the records of a national register of children with phenyl-
ketonuria, the MRC/DHSS Phenylketonuria Register, which
was set up in 1963 under the supervision of the MRC Com-
mittee for Phenylketonurial with Dr F P Hudson as director.
The original aim was to examine the effectiveness of the low-
phenylalanine diet, and in 1972 Hudson et al2 reported the
satisfactory intellectual progress of patients treated by diet
from early infancy. Since 1972 the register has also monitored
the national screening programme. In 1977, after Dr Hudson's
untimely death, the register moved to the Institute of Child
Health, London.

Definition of phenylketonuria

When the register was first set up "phenylketonuria" was regarded
as a single, well-defined, inherited defect in the hydroxylation of

phenylalanine in the liver leading to accumulation of phenylalanine
in blood and tissues and to the appearance of excess phenylketo-acids
in urine.' It is now recognised that patients with persistent accumula-
tion of phenylalanine may suffer from a wide range of recessively
inherited disorders, due almost always to defective activity of phenyl-
alanine hydroxylase,4 the exceptions being disorders of biopterin
metabolism.5-8

Patients with the most severe degree of hydroxylase deficiency,
often referred to as "classical phenylketonuria" or Folling's disease,
have less than 1 , of normal enzyme activity.9 Taking a free diet
they usually have plasma phenylalanine concentrations of over

1800 ,umol/l (30 mg/100 ml), the upper limit of normal being 240 Fmol/
1 (4 mg'100 ml), and most are severely retarded unless treated from
early infancy.10 Patients with the mildest type of defect merge with
the heterozygote population in the extent of their hydroxylase
deficiency and accumulation of phenylalanine, and even without
treatment are of normal intelligence. Between these two extremes
are many patients with moderately raised blood phenylalanine
concentrations and hydroxylase activity between 1 and 5% of normal9
in whom mental impairment may or may not occur. The name

phenylketonuria may properly be applied to the whole group of
disorders, since the tendency to excess phenylketone excretion occurs

in each type of defect,'1 though the quantity excreted in the milder
forms may be insufficient to give a positive result with routine tests
using ferric chloride or paper chromatography. The terms "variants"
of phenylketonuria, "atypical" phenylketonuria or hyperphenyl-
alaninaemia have been applied to the non-classical types of disorder,
and cases have been assigned to type categories on the basis of
protein loading studies.9 12

For the present study patients with the mildest type of disorder
with phenylalanine concentrations below 480 ,umol/l (8 mg/100 ml)
on a free diet were excluded. Such cases have not regularly been
reported to the register. No further subdivision of cases has been
attempted, since more detailed analysis of register data would be
required than is available.

Collection of data

Hudson and Hawcroft have described the organisation of the
register."3 Since the move to London a register of fertile women

with phenylketonuria has been added, and records have been com-

puterised to enable a full statistical analysis of the data to be carried
out. The register keeps a list of patients with phenylketonuria born
in the United Kingdom since 1964, including details of diagnosis and
treatment. With the full co-operation of paediatricians, psychologists,
and school teachers from all parts of the United Kingdom as many
cases as possible are followed up in a standard way in order to docu-
ment prospectively their clinical and intellectual progress. To ensure

that the register list of cases was as complete as possible all paedia-
tricians, including community physicians, were contacted in 1972
and 1979 about patients with phenylketonuria known to be under
their care and were asked to supply details of any other cases known
to them. Since 1972 register staff have kept in direct contact with the
screening laboratories as well as with paediatricians to obtain details
of all newly diagnosed cases.

Members of the Steering Committee: Professor 0 H Wolff (chairman),
Dr Isabel Smith (register office), Dr Nina Carson, Professor P J Graham,
Dr G M Komrower, Professor A C Turnbull, Professor B E Clayton,
Dr R Mahler, Dr I Sutherland.
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Changing pattern of screening

In the late '50s routine testing of infants by the ferric chloride
urine test, or a commercial adaptation of it, the Phenistix test, was
introduced in many infant welfare clinics, hospital outpatient depart-
ments, and paediatric wards.'4 After a report by the MRC Committee
for Phenylketonuria in 19631 of the generally good progress made by
patients in whom the low-phenylalanine diet was started in early
infancy, a policy of routine urine screening of infants aged 4-6 weeks
was adopted in most parts of the United Kingdom.'5 In 1964, when
the register was set up, the most usual screening procedure was for
the family health visitor to press a Phenistix strip on to a wet nappy,
the development of a green colour indicating a positive result. In the
United Kingdom health visitors have a statutory duty to visit the
home of every newborn baby.
The Phenistix nappy test remained the most commonly used

procedure until 1968-9. With increasing experience, however, it
became clear that this test resulted in an unacceptably high rate of
false-negative results and more sensitive and laboratory based methods
were therefore developed.'4 16-1 9 In the United Kingdom Woolf 14 19

devised a method, used in the Oxford screening programme until
1973,2" in which urine was collected and sent to a central laboratory
for chromatographic detection of orthohydroxyphenylacetic acid.
Although later superceded by other more convenient and even more
sensitive techniques, it was at the time an important development in
neonatal screening. A method of screening, pioneered in the United
States by Guthrie'6 which depends on detecting raised phenylalanine
concentrations in blood by a bacterial inhibition assay, was introduced
in Scotland in 1965.21 Blood was collected from a heel prick on to a
special card of adsorbent paper that also carried personal details of
the infant. The paper was posted to a central laboratory serving the
whole of Scotland. A standard disc was punched from the centre of a
blood spot and the phenylalanine content measured.

In 1968 the MRC Committee for Phenylketonuria, in a review of
the screening methods in use,'5 advocated that the Phenistix test
should be abandoned. The Ministry of Health agreed and in circular
HM (69) 72 recommended that routine neonatal screening be carried
out on all newborn infants between the 6th and 14th day of life on a
heel prick specimen of blood. The senior administrative medical
officer in each region was made responsible for organising the col-
lection of specimens on infants already at home by the 6th day of life
and for ensuring that all infants in the area were tested. In view of the
success of the Scottish programme the circular specifically pointed
to the Guthrie technique as the method of choice. The need for
screening laboratories to be closely integrated with the diagnostic
and therapeutic services for patients with phenylketonuria was also
emphasised.

Present screening system

The national screening programme underwent radical change in
1969-70 as a result of Government recommendations. By 1974 all
areas of the United Kingdom were screening for phenylketonuria
using a heel prick specimen of blood, and the present location of
screening laboratories had been established (see fig). The Guthrie
technique'6 became the most widely used method (table I), although
the Scriver technique"8 of collecting liquid blood in capillary tubes,
followed by paper chromatography to estimate phenylalanine con-
centrations, has been used successfully by several laboratories. In

TABLE I-Methods of screening for phenylketonuria 1978-9
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over 90 000 infants a year. In Scotland, Northern Ireland, and Wales,
and in several English regions (South Western, North Western,
Mersey, East Anglia, Trent, and Northern) one laboratory serves
the whole region. Elsewhere there are additional smaller laboratories
(27 in all) screening fewer than 25 000 infants a year, and in many
cases fewer than 5000 infants a year. South-east England has a
particular preponderance of such laboratories. Two small laboratories
had ceased screening by the end of 1980.

Distribution of neonatal screening laboratories in Britain 1978-9. *=
Laboratories screening 25 000 or more infants a year. (Two of the smaller
laboratories had ceased screening by end of 1980.)

In accordance with the recommendations in HM (69) 72 most
larger laboratories and some smaller ones maintain close contact
with the diagnostic and therapeutic services for phenylketonuria.
Integration has reached its fullest expression in Northern Ireland
and in the Mersey and North-Western regions of England, where a
single team, in close liaison with the community health workers,
provides screening, diagnosis, and long-term supervision of dietary
treatment for the whole region. The high standard of care achieved
by this integrated approach has been described by Komrower et al.24

Guthrie test
Scriver test (liquid blood)
Fluorimetry
Thin-layer chromatography (dried blood)

No of No of babies
laboratories tested

23 378 759
6 78 116
4 108 020
6 112 187

addition several laboratories that had started by using the bacterial
inhibition assay later changed to thin-layer chromatography22 or
fluorimetry."

In 1979 40 laboratories were screening for phenylketonuria (figure).
Thirteen of them screened over 25 000 infants a year, the one for
Scotland screening roughly 60 000 infants a year and one, serving
the North-east Thames and North-west Thames regions, screening

Coverage achieved by screening programme 1974-8

The total number of infants tested in the screening programme
between 1974 and 1978 has been computed from figures provided
by the screening laboratories (table II). Although only a guide to the
completeness of screening cover for the newborn population, these
figures suggest that it approaches, but does not quite reach, 100% of
surviving infants.
The main source of error in such figures is that not all laboratories

have a record system that will identify repeat tests carried out on the
same infant. The figures tend therefore to overestimate the numbers
of infants tested and may give an over-optimistic view. The Welsh
figure of 2-7% of infants untested in 1978 is, however, based on
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TABLE iI-Number of infants tested in screening programme 1974-8. Relation-
ship to live births

Northern
Ireland Scotland Wales England

1974 Screened 27162 69895 36393 597258
Births 27160 70093 36206 603153
Untested infants (+ 2)* 198 (+ 187)* 5895
'', of live births not screened (0 0) 0-3 (0 0) 1 0

1975 Screened 25814 67557 33238 567657
Births 26130 67943 33972 568900
Untested infants 316 386 734 1243
°' of live births not screened 1-2 0-6 2 2 0 2

1976 Screened 26089 63749 32295 543396
Births 26361 64895 33378 550892
Untested infants 272 1146 1083 7496

' of live births not screened 10 1 8 3-2 14
1977 Screened 25538 62255 30680 528491

Births 25431 62342 31765 536953
Untested infants (+ 101)* 87 435 8462

"'I of live births not screened (0 0) 01 1-4 1-6
1978 Screened 26297 64225 32409 554179

Births 26317 64260 33308 562589
Untested infants 20 35 899 8410
°/,of live births not screened 0-08 0 05 2-7 1-5

* Repeat tests have sometimes been included in these figures. Welsh figures for
1978 exclude all repeat tests from total number of infants tested.

accurate statistics and may provide a reasonable estimate of the
number of untested infants for the country as a whole. If allowance
is made for deaths during the first week then one can conclude that
1 to 2% of surviving infants (6000 to 12 000 a year) were not tested
in the screening programme in 1978.

Cases "missed" in the screening programme

Table III records, by year of birth, the total number of patients
with phenylketonuria (defined as above) notified to the register and
the percentage of each annual cohort not diagnosed in the screening
programme ("missed" cases). The category of missed cases is further
subdivided into patients in whom the screening test had given a
false-negative result and those in whom no test appears to have been
carried out. Most of the missed cases were detected during investiga-
tion of delayed development.

TABLE III-Patients with phenylketonuria born in Britain 1964-78
and reported to the register. Incidence/100 000 live births for each
five-year period 1964-8, 1969-73, and 1974-8

Year No of cases missed in neonatal period
of Total

birth False-negative test No test °' missed

1964 56 13 16 518
1965 67 11 21 47-8
1966 65 8 17 38-5
1967 57 8 14 38-6
1968 83 7 14 25-3

Total cases = 328 Incidence/ 100 000 6-7

1969 71 3 7 14-1
1970 80 3 1 5 0
1971 78 2 4 7-7
1972 73 2 2 5-5
1973 75 1 1 2-7

Total cases = 377 Incidence/100 000 8-7

1974 75 1 1 2-7
1975 71 1 0 1-4
1976 70 1 0 1-4
1977 69 0 1 1-4
1978 72 0 0 0 0

Total cases = 357 Incidence/100 000 = 10 4

For 1964 births, despite a national policy of neonatal screening,
almost half of the cases notified to the register had been missed in
the screening programme and, for 1968 births, the proportion was

still over 25%. Between 1969 and 1974 after the reorganisation of
screening the proportion of missed cases fell to between 1 and 2%.
Failure to carry out a screening test appears to have been the more

common cause of a case being missed from 1964 to 1968. After 1969
cases were missed as often because of false-negative test results.
Of the 31 missed cases born since 1969 (table IV), 28 were already

showing delayed development at the time of diagnosis. Three other

cases, discovered on family testing after the birth and neonatal
screening of a younger sibling, were found to be within the normal
range of intelligence. The higher percentage of missed cases in the
period 1969-73 is largely because in some areas the Phenistix test
had not yet been replaced. In addition during this time two cases
were missed because of a false-negative urine test result for ortho-
hydroxyphenylacetic acid,20 three because of a false-negative blood
test result, and three for other reasons. Of the five cases known to
have been missed since 1974, three resulted from a false-negative
blood test result, one was due to the test paper being lost in transit
to the laboratory, and in one the test was not carried out until the
baby was 5 months old.

TABLE Iv-Patients with phenylketonuria in whom the diagnosis was
missed in the neonatal screening programme 1969-78

1969-73 1974-8
(n =26) (n = 5)

No specimen obtained 12 0
False-negative test: urine. 8* 0
False-negative test: blood .3 3
Other reasons .3t 21
Additional cases born abroad of British parents .. 33

*Two specimens tested for orthohydroxyphenylacetic acid.
tOne patient "lost" until age of 9 months, two tests delayed until after 4 months
on severely ill patients who later died.
tOne test card lost on way to laboratory, one patient not screened until 5 months of
age.

In each of the six cases missed since 1969 because of a false-
negative blood test result a bacterial inhibition assay had been used.
All six cases had been screened on or after the 6th day of life. The
original Guthrie card was still available for four cases, and on re-
testing the blood spot was shown to contain phenylalanine concentra-
tions above 1200 ,umol/l (20 mg/100 1). These four cases were
therefore missed owing to a false-negative reading rather than to
failure of phenylalanine concentrations to rise sufficiently high to
give a positive result.

In addition to the patients missed in the neonatal screening pro-
gramme six infants born to British parents between 1969 and 1978
while abroad have since returned to the United Kingdom and been
found to have phenylketonuria. In one of the three a Guthrie screening
test had been carried out abroad, and the result had been reported as
negative.

Incidence of phenylketonuria

The incidence (per 100 000 live births) of phenylketonuria, which
for the present survey is defined as persistent hyperphenylalaninaemia
of at least 480 [smol/l on a free diet, has been estimated from notifica-
tions to the register and found to have risen from 6-7 for the period
1964-8 to 10-4 for 1974-8 (table III). On the assumption that the
incidence figures for the period 1974-8 are the most reliable, there
appears to be a shortfall of some 250 cases born between 1964 and
1973. Under-diagnosis in the earlier years, especially of milder cases

in whom the result of the Phenistix test would have been negative
and who would probably be of normal or near normal intelligence,
and more complete notification of known cases from 1972 onwards
because of direct contact between the register and screening labora-
tories probably account for these apparent changes in incidence.

Occasional patients (about one a year) born before 1969 are,

however, still being diagnosed because of mental retardation and are

reported to the register.
There are some regional variations in the incidence of phenyl-

ketonuria (table V). Northern Ireland, like Eire,25 has an incidence
more than twice that of the rest of the United Kingdom, while
generally speaking the east of England has a low incidence.

Discussion

This survey shows that between 1964 and 1974 there was a

steady increase in the proportion of infants with phenylketonuria
diagnosed as a result of neonatal screening. This improvement
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was mainly due to the increase in the number of newborn
infants being screened and, to a lesser extent, to the introduction
of blood tests that led to fewer false-negative results than was
the case with the urine tests. The great majority of children
detected in the neonatal period are within the normal range of
intelligence and attend ordinary schools.2 26 27 The success of
the screening service, which now reaches over 98% of surviving
infants, may be attributed to the recommendations made in
1969/HM (69) 72, which specified that: (1) the senior ad-
ministrative medical officer in each region should be responsible
for ensuring that a specimen is obtained from every infant in
the area; (2) the test should be carried out between the 6th and
14th day of life; (3) the test should be dependent on determina-
tion of the concentration of phenylalanine in the blood; and
(4) the test should be processed in a central laboratory. These
recommendations were successfully implemented without the
need for legislation.

TABLE v-Regional incidence (per 100 000 live births)
of phenylketonuria in Britain based on notification to
the register between 1974 and 1978 by the screening
laboratories

Region No of cases Incidence/100 000

Northern Ireland 39 29-0
Mersey 27 17-5
Wessex 21 17-0
Trent 38 13 5
Northern Western 31 11 7
Wales 20 1 15
Northern 21 10-7
South Western 20 10-6
Scotland 29 8-5
SF and SW Thames 33 8 2
NE and NW Thames 31 6-9
West Midlands 22 6-5
East Anglia 7 6-4
Oxford 10 5-6
Yorkshire 9 4-4

An occasional child is, however, still presenting with delayed
development after being missed because no screening test has
been carried out or because of a false-negative result. Some
children born before the reorganisation of screening in 1969 are
also still being diagnosed for the first time. Paediatricians and
others concerned with the assessment of patients with develop-
mental delay or poor school progress should continue to con-
sider phenylketonuria as a cause. Maternal phenylketonuria,
which is a prenatal cause of mental retardation,28 should also
be borne in mind.

While it is unlikely that a screening programme can ever be
perfect, measures that might further reduce the number of
missed cases need to be considered. Routine reporting of
negative test results by the screening laboratories, combined
with a system of checking against the local birth register the
names of infants who have been tested, would detect infants
who had not been tested. Such safeguards are already in use in
many parts of the United Kingdom. Advice needs to be given
to travellers who may have children while resident in countries
where screening is not undertaken.29

Routine screening for hypothyroidism using the same blood
specimen as that obtained for phenylketonuria screening is
already carried out in some regions.'0 If such a scheme is
adopted nationally it will be even more important to avoid
cases being missed because no test is carried out, since hypo-
thyroidism is at least twice as common as phenylkentonuria.
Unless the present rate of 1 or 2%/' of infants untested is
further improved it is to be expected that on average one patient
with phenylketonuria and two patients with hypothyroidism
would be missed each year because no test was carried out.

It is more difficult to suggest ways in which false-negative
blood test results may be avoided. The screening laboratories
concerned in the six cases known to have been missed since
1969 maintained a high standard of laboratory procedure
including the use of two independent observers for reading the

Guthrie plates. The Guthrie test was the method used in each
of the six missed cases but, as it was also the most widely used
screening method (three out of every five infants tested), it is
not possible to draw any conclusions concerning the reliability
of the four methods presently in use (table I). Nevertheless,
there is need to continue surveillance of the incidence of
false-negative test results with the various screening methods.

Screening laboratories in the United Kingdom take a figure
close to 240 ,umol/l (4 mg/100 ml) as the concentration of blood
phenylalanine requiring further investigation. With such a
cut-off point and the timing of screening between the 6th and
14th day of life, probably almost all patients with persistent
phenylalanine accumulation whether due to "classical" or
"variant" phenylketonuria, are now being identified in early
life. Those with phenylalanine concentrations between 240 and
480 tmol/l (4 and 8 mg/100 ml) have not been regularly notified
to the register and have not been included in the present survey.
It is, however, important that all patients with persistent
phenylalanine accumulation should be followed up even if
dietary treatment is considered unnecessary. Rarely, patients
with a variant form of phenylketonuria will be found to have
disorders of biopterin metabolism, which are usually associated
with progressive neurological disease but may not give rise to
obvious symptoms in the immediate postnatal period.5 6 No
patients with symptoms suggestive of this type of disorder
were, however, observed among over 300 children born between
1974 and 1978. Three such cases were noted among roughly
700 cases born between 1964 and 1973; two of them have been
reported5 and the third, who died at 9 months, had similar
symptoms. Another child was born in 1979 and died shortly
after birth. Numerically much more important is the risk of a
mother with a variant form of phenylketonuria which is in-
sufficient to affect her own postnatal development having a
baby whose intrauterine development is altered by the maternal
hyperphenylalaninaemia.31 There is evidence that the placenta
concentrates amino-acids so that the fetus of a woman with
phenylketonuria is exposed to a concentration of phenylalanine
one and a half times greater than that in their mothers' circula-
tion.32

Variant cases may also explain, at least in part, the short-fall
of about 250 cases in the register records between 1964 and
1973 compared with the number of notifications between 1974
and 1978. Thus up to 125 girls, already 8 to 16 years old and
with a form of phenylketonuria likely to be associated with some
risk in pregnancy may be unaware of their condition. Among
older women the numbers are likely to be larger, partly because
20 years ago screening for phenylketonuria was not yet in regular
use throughout the country, and partly because in those areas
where screening was being carried out it depended on a urine
test.

We wish to acknowledge our debt to the late Dr F P Hudson, who
started the register and whose personal qualities enabled this national
co-operative venture to prosper, and to his colleague, Dr J Hawcroft,
whose help he valued greatly. We thank many colleagues throughout
the United Kingdom who provide data to the register-in particular,
directors of screening laboratories, consultant paediatricians, com-
munity physicians, and psychologists.

Address of Register Office: MRC/DHSS Phenylketonuria Register, Institute
of Child Health, 30 Guilford Street, London WC1N 1EH.
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Personal Paper

"All for health and health for all": a study of basic health
care in Peru

DAVID MANSFIELD, ANDREW MORRIS

"Unto every one that hath shall be given, and he shall have
abundance: but from he that hath not shall be taken away even
that which he hath."' Such is the history of Peru since the
Spanish Conquest, albeit somewhat tersely put. We visited that
country in June and July 1980, and like every other visitor we
were forcibly struck by the extreme contrast between the
wealth, elegance, and sophistication of Miraflores in Lima, and
the primitiveness, even brutality, of the lives of the natives of the
Andean sierra and the Amazon jungle. The comment in Dis-
raeli's novel Sybil that "the privileged and the people form two
nations" would surprise a Peruvian by its banality.
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Two-tier health services

The stratification of society is to some extent reflected in the
health services. Private medical care is excellent. In the public
sector there are good doctors and modern hospitals in the cities,
with separate facilities for the empleados, or white-collar workers,
and the obreros, the rest of the work force in full-time employ-
ment. In these services patients contribute to the cost of con-
sultations and treatment. The self-employed and all those
without permanent jobs are excluded from these services; for
them the Government provides a State health service in which
consultations are free.

Despite this, many diseases are common, although in Britain
they could readily be cured. The State service seemed to us to be
quite inadequate to cope with the demand for it, despite the
generosity of some doctors in taking time off from lucrative
private practice to work for the State. After queueing for many
hours, patients told us, one receives only the most cursory of
examinations, and "you have to be dying before you're admitted
to hospital."
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