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In the South-eastern Scotland Hospital Region, with roughly
1,500,000 inhabitants, the Phenistix test was used to search for
phenylketonuria in young infants until the end of 1965. An
earlier study (Farquhar, Kansas, and Tait, 1962) admitted that
the test had missed positive cases during the critical early
months of life. Further cases were missed during the ensuing
years, and as other tests were becoming available the consultant
paediatricians and medical officers of health agreed to select one

of them and to try it over a period of at least a year. The
Guthrie test was chosen because it was made available by Dr.
John S. Stevenson at the Bacteriology Department of Stobhill
General Hospital in Glasgow.
The routine sampling of blood from all newborn babies in

a British community of this size is still rather rare because of
existing doubts about the risk of local infection, resistance by
parents, anxiety provoked in parents, and the amount of staff
time likely to be needed. South-east Scotland was probably the
first large area in the United Kingdom to obtain comprehensive
cover, and it is thought that medical officers of health and
paediatricians will be interested in the success and difficulty
met. This report is primarily concerned with the application
of the test and with the mechanism by which it is comprehen-
sively applied, both of which concern alternative laboratory
tests used to screen for phenylketonuria. Indeed the organiza-
tion is such that a different laboratory test could be used at any
time if it were judged to offer advantages. The report does not
deal with the technique of the test itself, which is fully described
elsewhere and with which this group has had nothing to do. It
does not describe the incidence of phenylketonuria in this
region, since it is much too early to draw any conclusion.

Organization of Guthrie Test

Testing is carried out on the sixth day of life in most cases

and as soon as possible thereafter in the remainder. When
babies are discharged from hospital before the sixth day the
blood sample is taken at home.

The manner in which the consultant paediatricians, medical
officers of health, and the laboratory combine to operate the test
has already been described (Farquhar, 1967). In brief, the
test paper includes a carbon by which a copy is made of the
basic information about the baby. The baby's or mother's case
record is marked to show that the specimen has been taken.
The top information sheet is then detached and sent to the
medical officer of health (M.O.H.) of the city or county in
which the baby was born. The M.O.H. already has the baby's
name on his birth register, and he now marks this to show
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that the test has been done. If the baby was born in a hospital
in his area but was discharged to the parents' home in another
area, he forwards the information sheet to the M.O.H. con-

cerned. This system enables an M.O.H. to know which baby
domiciled in his area has not been tested, and therefore one of
his staff is sent to the parents' home to take blood.

Meanwhile the blood-spotted filter-paper and the carbon
copy of the information have been sent to the laboratory and
the test is performed. Only positive and doubtful tests are

reported. Others are assumed to be negative, and this is a

possible weakness in the system. The risk of losing test papers

in the mail, however, is thought to be very small, and to be
justifiable in view of the extra cost implicit in reporting each

test. Positive or suspicious tests lead to the baby's blood being
again sampled at hospital or in the home.

Criteria of Satisfactory Test

Eight criteria of what comprises a satisfactory test have been
used to judge the suitability and applicability of the Guthrie
test in this region. They may be used to judge any other test

employed for this purpose.

1. Applicable to Every Live Birth

The newborn infant is the object of routine medical and
nursing attention whether he is born in hospital or at home.
Professional interest in him is expected by the parents, and tests
are more likely to be accepted at this age than later, especially
when they are applied by those who are responsible for the
care of mother and child. No report exists of any baby having
been excluded from testing in this area because of parental
refusal.

2. Detection of All Cases of Phenylketonuria

Local comparative studies of the Phenistix urine test and
the Guthrie blood test are unavailable. A large-scale trial of
the Phenistix test (California Department of Public Health,
1963) reported an incidence of less than 1 positive in 30,000,
whereas Guthrie (1966) reported 1 in 10,254 to be positive in
a very large series when the inhibition assay was carried out on

blood. A slightly higher incidence was reported when the test
was used in Scotland (J. Scott, personal communication, 1966),
though this would seem to have regional variation and may not
be true of South-east Scotland. The Guthrie test and the
MeCaman-Robins fluorimetric test were shown to be equally
effective in a comparative trial reported by Koch et al. (1966).
The reliability of the Guthrie test was checked in this region

by mailing to the Stobhill Laboratory a series of known positive
samples over a period of three months. The blood was obtained
from two untreated phenylketonuric children whose serum

phenylalanine levels ranged between 20 and 40 mg./100 ml. (see
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Population Screening for Phenylketonuria

Table). It was spotted on to the absorbent filter-paper of
Guthrie test forms and these were then sent in confidence to
various consultant paediatricians and M.O.H.s in the region.
The papers were mailed to Stobhill Hospital under fictitious
names on agreed dates, and in preparation, handwriting, and
general appearance were indistinguishable from the genuine test
papers with which they were enclosed.

Results of Guthrie Testing

Date Result Approximate
Test Paper Sent From Dispatched From Amount of

in 1967 Stobhill PhenylalanineII___ (mg./100 Mi.)

Siinpson Maternity Pavilion, Edinburgh

Elsie Inglis Hospital, Edinburgh ..
East Lothian County
West Lothian County.
Dunfermline Maternity Hospital, West

Fife

Simpson Maternity Pavilion, Edinburgh
Forth Park Hospital, Kirkcaldy, East Fife
East Lothian County
'Midlothian County
Elsie Inglis Hospital Edinburgh
Western General Hospital, Edinburgh..

Eastern General Hospital, Edinburgh..
Midlothian County
Eastern General Hospital, Edinburgh..
East Lothian County
Forth Park Hospital, Kirkcaldy, East Fife
Dunfermline Maternity Hospital, West

Fife

West Lothian County.

Feb. 27
Mar. 2
Mar. 8
Mar. 13
Mar. 14

Mar. 27
Mar. 29
Mar. 29
Mar. 31
Apr. 6
Apr. 10
Apr. 10
Apr. 12
Apr. 20
Apr. 24
Apr. 25
Apr. 26
Apr. 28

May 1

May 2

+

+

+

+

+

+

+

>20

>30

>20

>25

>20

>20

30

>20

>20

>20

40

20

30

50

40

20

40

20

25

30

The laboratory staff was entirely ignorant of the source of
such specimens or of when they were to be sent to it, but
all the positive papers were recognized and reported by tele-
phone and by mail, usually within 48 hours. The recognition
of 20 positive specimens in this way compressed into just over
two months the number anticipated in this population over a

period of about 10 years.

3. Early Detection of Abnormality

Earlier diagnosis is achieved by the Guthrie test on blood
than by the Phenistix test or ferric chloride test on urine
(WacCready, 1963; Partington and Sinnott, 1964; Berry,
Umbarger, and Sutherland, 1964 ; Hanson, 1965).
The importance of earlier reports of many false-positive

Guthrie tests was probably exaggerated, and Efron (1966) has
said that this attempt to discredit the Guthrie test was quite
wrong. False-positive tests do occur, but are infinitely prefer-
able to false-negative reports so long as such criteria of diag-
nosis as those suggested by Berry, Sutherland, and Umbarger
(1966) are used.
The Guthrie test makes possible provisional diagnosis at the

end of the first or in the second week of life. This reduces the
risk of missing babies who may die in very early life for some
other reason, and, in consequence, of omitting the family from
the " at risk register."

4. Easy Transport of Specimens

A central reference laboratory with good quality control has
obvious merit where one positive test is being sought in many
thousands. In a region as geographically varied as South-east
Scotland, which has both cities and sparsely populated moun-
tain areas, the transport of such samples from the largest
obstetric hospitals and from shepherds' cottages to the centre
demands the easiest readily available method. The Guthrie test
paper is mailed in an ordinary envelope, and, indeed, about 45
may be sent in one sealed packet for fourpence. The dried
blood spots provide consistent results weeks after they are

prepared.
D
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5. One-stage Test

Only rare exceptions exist to the rule that the Guthrie test
is complete in one stage. Guthrie (1963) stated in his third
report that in most cases the blood phenylalanine was high
enough in the first two to three days of life to make diagnosis
possible by the microbiological inhibition assay test, and that
second tests some weeks later in 163,712 babies failed to detect
a further case. After careful analysis of the cases in California,
Cunningham (1966) concluded that if applied even at 24 hours
of age the Guthrie blood test has sufficient reliability to justify
testing of newborns at the time of discharge regardless of the
feeding history (he tabulates evidence for this). In the light
of his much greater personal experience, however, MacCready
(1966) stated that phenylketonuria may be missed if only one
specimen is taken before the fourth or fifth day of life in infants
whose protein intake has been limited.

These authors and those quoted under No. 3 (above) show
that: (a) where protein intake is low during the first few days
of life, the blood phenylalanine level of phenylketonuric patients
may be low; and (b) where protein intake is normal or high
during the first few days of life, especially in association with
low birth weight, the blood phenylalanine level of normal
infants may be high.
For these reasons the practice in the United States of

America is to follow the first specimen with a second at the
age of 4 to 6 weeks (MacCready, 1966), but this increases ex-
pense and trouble and reduces the chance of 100% coverage
of the population. The Massachusetts Department of Public
Health (1965) and MacCready (1966) have reported that 35
confirmed cases of phenylketonuria have been found in 314,511
babies tested-that is, 1 per 9,000-and that only one of these
was detected for the first time on the second test at the age of
4 weeks. It was missed on the first test because, it is believed,
this was taken too early and before the baby received adequate
feeds. Cunningham (1966), from an analysis of figures for
the entire United States of America, estimated that only 1 in 50
cases of phenylketonuria is detected on the second test.

In terms of Scotland, with a little over 100,000 live births
each year, and with, therefore, an expected 10 new cases of
phenylketonuria, the above figures suggest that if all babies
born were tested once only and in the first week, then no more
than one positive case should be missed in five years. The cost
of finding this case would be that of a further 500,000 tests,
and would involve the serious risk of provoking increasing
resistance from those asked to collect the specimens and carry
out the related clerical work. Mothers, too, are more likely to
co-operate in a once-for-all system, but may refuse even the
first test if they know that a second must be taken later.

It may, however, be deduced that if the first specimen is
taken on the sixth day of life, as in this region, or as soon as

possible after that, then virtually all cases should be detected.

6. Least Inconvenience

To Staff.The Guthrie test has been welcomed by district
midwives and health visitors in South-east Scotland who take
the specimens after instruction by and on the responsibility of
their M.O.Hos. They have found it less time-consuming than
the collection of urine specimens. General practitioners in-
volved in obstetrics either in the patients' homes or in nursing-
homes and cottage hospitals may carry out their own tests, but
in practice almost all delegate the task to the nursing staff.
In many hospitals specimen-taking by heel-prick has presented
no problem to nurses (who are, after all, accustomed to the
greater responsibility of conducting labour and childbirth), but
resistance persists among the more conservative. Where this-
is so, an added burden, at times almost intolerable, has fallen
on the paediatric resident staff.

16 March 1968
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To Parents.-Because blood is taken so soon after birth bv

staff who are familiar to parents in hospital or in the parents
home, the Guthrie test has caused no inconvenience to them.
It is simply accepted as " a little blood test " and it has not been
necessary to explain it in detail, so that parental anxiety has
been avoided. It is also unnecessary for the mother to take
baby anywhere for a second test. In short, parents are not put
to trouble.
To Baby.-The heel-prick is part of the " discharge examina-

tion " in hospital, and at home it is done by the nurse on the
sixth day or as soon as possible after it. It conveniently follows
bathing, when the foot is warm. The heel is cleaned with iso-
propylalcohol in a disposable swab. It is punctured with a
disposable stylet, and when the specimen has been taken the
heel is covered with a small adhesive dressing. Partington and
Sinnott (1964) reported no sepsis in a series of 6,000 tests, and
this record was easily exceeded in South-east Scotland in 1966.

7. Cheap and Mass Applicability

The test compares fairly well in cost with anything more
complicated than the use of ferric chloride. Purchased in
relatively small numbers in 1966 the test papers cost £8 6s.
per 1,000. This could be reduced by securing a hospital con-
tract and so escaping purchase tax. The laboratory costs com-
pare favourably with those of any other method. There is,
in addition, the medical or nursing and clerical time at the
hospital, the laboratory, and the public health department, but
this is common to any good method.

8. Detection of Other Metabolic Errors

The Guthrie test can recognize phenylketonuria, maple syrup
urine disease, histidinaemia, and galactosaemia, and an auto-
matic device has already been marketed which eliminates much
of the handwork from the test (Guthrie, 1967a). More recently
Guthrie (1967b) published a multiple test programme which,
using the same principle as the original method, has been
die-zivned to screen for 16 different metabolic errors.

Difficulties Experienced in Guthrie-testing

There have been remarkably few difficulties in establishing
and maintaining the mechanism of Guthrie-testing in all its
phases from initial sampling to follow-up. All concerned, in-
cluding the parents, have been most helpful.

It was anticipated that it might be difficult to get nursing
staff to take blood samples. This has not been so in most of
the region where doctors have taken responsibility for this action
after having carefully taught their staff how to prick babies'
heels and apply dressings. Nurses have enjoyed participation
in the project, and greatly prefer this method to the messiness
and frustration of the less reliable urine or napkin test.
Where nursing help has not been obtained the load of work,

which was previously spread over many health visitors using
Phenistix papers, has been concentrated on one or two paedi-
atric residents. This may involve the completion of forms
as well as the taking of blood, and naturally leads to dissatis-
faction. It is hoped that with further experience the load
may be more fairly shared in these units.
The second and less important problem has been the supply

of test papers. Some health departments now buy their own,
but others remain dependent on papers purchased with a small

research grant, and may continue to do so until the Guthrie
test is given official recognition. Supplies are rather uncertain,
and covld be considerably cheaper if they were purchased in
bulk and distributed to those who need them.

Summary
The Guthrie microbiological inhibition assay test on blood

for phenylketonuria has been applied to all newborn infants in
south-east Scotland for one year. The administrative method
by which this can be assured is briefly described.

Blood from a heel-prick has been taken both by doctors and
by nurses in hospital or in the home. Parents have accepted
this when the baby is 6 to 10 days old without opposition or
the expression of anxiety.
A sterile technique is used and there has been no complica-

ting infection. The specimens are easily and cheaply sent to
the central laboratory because the drops of blood are dried on
absorbent paper. In the United States of America a second
test is advocated at the age of 4 weeks ; but it detects very
few further cases, and in this community the labour and
expense of a second test in all babies would probably jeopardize
the system by creating opposition. Eight simple criteria are
described by which any such screening test may be judged.
The Guthrie test satisfies these and is capable of detecting other
inborn metabolic errors. The administrative system, however.
can be applied to other tests as they evolve.

We wish to thank Dr. John S. Stevenson for his co-operation in
providing this test, and his assistant, Dr. John Scott, for having
visited many parts of the region with Dr. J. W. Farquhar to explain
the test to both medical and nursing staff. We are grateful to
Dr. A. A. Brown for having sought the co-operation of his general-
practitioner colleagues and to the many nurses and doctors who
have taken blood samples. We are indebted to the Medical Research
Council for a small grant with which to purchase test papers, and
to Miss Elizabeth Meiklejohn for having maintained supplies to all
involved as well as for much secretarial help.

Requests for reprints should be sent to Dr. J. W. Farquhar,
Department of Child Life and Health, 17 Hatton Place, Edin-
burgh 9.
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