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SUMMARY A previously described difference in newborn blood phenylalanine concentrations
between those living in urban and non-urban areas in the south west of England has been confirmed
and shown to be independent of the type of feed. Several factors including the place of abode, type
of feed, birthweight, and the accuracy of the test have been found to affect the measured, phenyl-
alanine concentration in the newborn screening blood spot, and the importance of these results to
screening practice is considered. Blood tyrosine also varied with the above factors, but severe,
neonatal tyrosinaemia was shown to be a rare problem.

In 1970 data from phenylketonuria screening blood
samples of infants within the area of the South
Western Regional Health Authority (comprising the
counties of Avon, Cornwall, Devon, Gloucester,
and Somerset) were analysed to determine factors
influencing blood phenylalanine in the newborn
period.1 Predictable effects of birthweight and age
were found, but rather unexpectedly, babies living in
urban areas had a significantly higher blood phenyl-
alanine concentration than those in rural areas.
Infant feeding varies throughout the region and we
postulated that the consequent variation in protein
intake might explain geographical differences in
blood phenylalanine concentrations.
For a period of one year from February 1979, a

second survey was undertaken to examine the
influence on newborn blood phenylalanine, of
feeding different types of milk and whether the
apparent effect of the place of abode could be due to
differences in feeding practice. Blood tyrosine was
also estimated in order to study the prevalence of
tyrosinaemia and the relation of this to the type of
feed. Transient neonatal tyrosinaemia has been
described as the most common amino acid disorder
in man and the adverse effect of this on the sub-
sequent intellectual development of the infant has
been suggested.2
Patients and methods

The babies in this study comprised all those born
between 1 February 1979 and 31 January 1980,
whose home address was within the South Western

Health Region. Heelprick blood samples were taken
on the seventh day of life and collected onto absor-
bent filter paper (Whatman no 160). The filter paper
was attached to a request form on which was
recorded information about the infant and details of
the baby s feeds during the 48 hours before the test,
including the brand of milk given to bottle fed
babies.
The basic information on each infant was coded

onto the back copy of the request form for statistical
analysis. The home address was coded in two ways
and this requires further explanation. The first was
by its location in one of the five counties of the
South Western Health Region. The second was by
population size using figures from the 1971 census.
County boroughs and districts, and municipal and
urban districts were divided into three types of
communities: 'large urban complex', with a popu-
lation of 50 000 or more'; 'medium urban' of 15 000
to 49 999; and 'small urban' of less than 15 000.
A fourth category comprised any rural district.

Phenylalanine and tyrosine were estimated
simultaneously on 0.f6 cm diameter discs, punched
from the filter paper blood spots, using an automated
fluorimetric method.3 Mean levels of phenylalanine
and tyrosine were compared using one and two way
analysis of variance tests and x2 tests were used to
analyse contingency tables.

Results

In total 37 545 patients were screened between
271
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1 February 1979 and 31 January 1980. The total live
births, less the first week deaths for 1979, was

37 514. These figures are so similar it seems unlikely
that many infants were missed. The recording of
data was exceptionally good: the most frequent
items omitted were the type of milk used in artificial
feeding (1 .5 %), and birthweight (1 *1 %).

In the present study, 89 % of all babies were tested
at age six to eight days, and only 4% before the
sixth day. There was a slight fall in phenylalanine and
tyrosine levels after the eighth day, but no statistically
significant differences between days six to eight.
There was no statistically significant difference in
mean values of phenylalanine or tyrosine between
boys and girls, but as there was evidence of high
levels of phenylalanine in low birthweight babies,
we have confined our major analysis to the 31 563
babies tested in days six to eight, of birthweight
2.5 kg or more (Figure).

Effect of county and district. To eliminate the
possible effect on phenylalanine and tyrosine values
of any local variation of feeding practice, we first
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Figure Distribution ofnumbers ofbabies screened
according to age at time ofscreening, birthweight, and
type offeed.

considered the 18 330 infants who had been fully
breast fed for the 48 hours before sampling (Figure).
Because of the known association between blood
levels of phenylalanine and tyrosine and birthweight,
the distribution of birthweight by area and
community was compared in both boys and girls,
but no differences were found.
There are no large urban communities in Somerset

or Cornwall. Considering medium and small urban,
and rural communities only, in each of the five
counties, an analysis of variance showed no statisti-
cally significant difference in mean phenylalanine
between the three types of community in Somerset,
Devon, and Cornwall. There were minor differences
(P<0.05) in the three types of community in Avon
and Gloucestershire but no consistent pattern
emerged. For further analysis, the figures for these
three types of community have been combined, and
will henceforward be referred to as 'non-urban
communities'. There is a difference (P<0 .001) in the
mean levels of phenylalanine in non-urban com-
munities of the five counties, with higher levels in
Somerset and Avon, and the lowest in Cornwall
(Table 1). There is no statistically significant
difference between the mean levels in large urban
communities in the three relevant counties. There is,
however, a statistically significant difference between
large urban and non-urban districts in each of these
counties (P<0.01), which is highly significant when
the results are combined (P<0 * 001).
Mean tyrosine values in breast fed babies were also

Table 1 Mean bloodphenylalanine and tyrosine by
county and community in breast fed infants with
birthweight 2 -S kg or more, testedon days 6, 7, or 8

County Community

Large urban Non urban

Mean SD Mean SD

Avon Phenylalanine (grmol/l) 119.5 36.2 117.0 32.1
Tyrosine (pimol/l) 150-8 51-5 145-3 46-8
No of babies 3053 2760

Cornwall Phenylalanine (jtmol/1) 111 *1 30-6
Tyrosine (pmol/l) 137.8 45*3
No of babies 2245

Devon Phenylalanine(Omol/l) 118.0 31.1 113-5 32.2
Tyrosine(Osmol/l) 143-5 44.0 141-5 47.9
No of babies 2341 2608

Glo'shire Phenylalanine (umoljl) 120-0 32-2 115 *1 30-1
Tyrosine (Vmol/l) 147-7 45.6 141-5 47.3
No of babies 1038 1817

Somerset Phenylalanine (pmol/1) 118. 1 30. 7
Tyrosine (gmol/l) 141-8 45-8
No of babies 2440

Total Phenylalanine (pmol/l) 119-0 33-8 115-3 31-3
Tyrosine (&Lmol/l) 147-6 48-0 141-8 46.8
No of babies 6432 11,870

Conversion SI to traditional units-phenylalanine: 1 .mol/116-52
mg/lOOml; tyrosine: 1 .mol/lstl *11 mg/100 ml.
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higher (P<0-001) in large urban communities than
in non-urban, Avon having the highest urban, and
Cornwall the lowest non-urban levels (Table 1).

Babies fed each brand of artificial milk, except
Baby Milk +, showed essentially the same difference
in mean phenylalanine and mean tyrosine concen-
trations between large urban and non-urban
communities as the breast fed infants. SMA Gold
Cap was the most widely used formula feed, given to
57% of the wholly bottle fed babies; in these babies
there were significant differences in mean phenyl-
alanine and mean tyrosine between communities
(P<0.01) but not between counties (Table 2).

Infant feeds. In the sample of infants of birthweight
2.5 kg or more, tested on days six to eight, there was
a highly significant (P<0.001) overall difference
between the mean phenylalanine (but not the mean
tyrosine) value of breast fed babies and those
wholly bottle fed for 48 hours before testing (Table 3).
The phenylalanine results did not appear to reflect
the protein content of the different types of artificial
milk used in the region, Baby Milk + giving the only
outstandingly high mean value. There was a wide
variation in the mean tyrosine concentration by

Table 2 Mean bloodphenylalanine and tyrosine by
county and community in infants with birthweight
2 * 5 kg or more, tested on days 6, 7, or 8 andfedon
SMA Gold Cap

CountY Large urban Small urban and rural

Phenylalanine Tyrosine Phenylalanine Tyrosine
(Plmol/1) (glmolfl) (11mol/1) (AM111l/)

Avon 126*7 137.0 122.1 134-2
Cornwall - - 119-4 128.4
Devon 125.2 137-8 118.4 135.5
Glo'shire 126.3 137.3 119.7 130.4
Somerset - - 120.6 133.3

Total 126.3 137.2 120.3 132-0

Table 3 Mean bloodphenylalanine and tyrosine by
type ofmilk in infants with birthweight 2.5 kg or more
and tested on days 6, 7, or 8

Type ofmilk Protein keal No of Phenylalanine Tyrosine
babies (pmol/l) (jimol/l)

Breast milk - - 18321 116.4 143-8
Mixed breast
and bottle - - 3100 117.7 138-7

All bottle - - 9965 124.2 143.4

Baby Milk+ 1-85 65 1962 127-2 164-9
Premium 1*8 65 650 123.5 131*3
Ostermilk 1-7 65 844 124-7 164-3
SMA Gold Cap 1-6 66 5635 123-0 134-3
Osterfeed 1.45 68 321 124.1 133.1

Table 4 Variation ofmean bloodphenylalanine and
tyrosine with birthweight in breast fed infants tested
on days 6, 7, or 8
Birthweight No of Phenylalanine Tyrosine

babies (gmolIl) (mnolll)
Mean SD Mean SD

<2.0kg 45 132-8 32-3 210-6 155-9
2.0 kg 374 121-2 33-9 159.4 60.4
2.5 kg 2663 117-5 32-3 147-0 49-7
3.0 kg 7666 116-0 31-8 143-4 46-9
3-5 kg 6063 115-8 32-8 143-6 47-5

>4.0kg 1929 118-3 32-5 141-7 44-3

different milks, and Baby Milk + and Ostermilk
were associated with exceptionally high mean
values (Table 3).

Birthweight. Table 4 shows that in breast fed infants
phenylalanine and tyrosine are highest in those of
low birthweight. Tyrosine levels greater than
450 [±mol/l were found in 56 infants, 17 of whom
weighed less than 2 kg at birth. There were 6 cases
only with tyrosine levels of 1000 tLmol/l or more and
three of these weighed less than 2 kg at birth. The
highest level recorded was 1700 V.mol/l.
Discussion

Four reasons for the regional variations in blood
spot phenylalanine can be postulated: different
feeding practices; artefacts introduced by screening
practices which affect the measured blood phenyl-
alanine level; genetic variation in phenylalanine
metabolism between communities; and differing
environmental factors affecting phenylalanine
metabolism. We have obtained some evidence on
the first two of these possibilities.
The contribution made by the type of feed to

regional variations in phenylalanine values has been
examined by considering homogeneous feeding
groups. The largest of these is the breast feeding
group; and in this group regional variations in
phenylalanine concentrations persisted. It may be
that differences in the quality of breast milk produce
these variations. For example, mature breast milk
of Bristol mothers was shown to contain more
protein than that of mothers from other cities in
Great Britain.4 This seems an unlikely explanation,
however, because the largest formula milk feeding
group (SMA Gold Cap) showed essentially the same
differences between large urban and non-urban
communities as the breast fed group.

In general the geographical pattern of blood
tyrosine concentrations was similar to that found
for blood phenylalanine. As both these estimations
were obtained from the same blood sample,
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differences could arise through some artefact, such as
variations in method of blood collection, time of
collection in relation to feeds, assay technique, or
the age of the blood spot. It seems unlikely that
geographical differences could arise from the first
three of these factors, since their effects would be
randomly distributed. When blood spots are kept in
the laboratory, however, a reduction in the phenyl-
alanine concentration has been observed over a
period of several weeks. Because of this, a small
study was undertaken to see whether there was any
evidence of undue delay in the processing of blood
spots from any particular area or community, which
could have a systematic effect on the results. The
findings showed no difference in either the distri-
bution or median value of the time lag in processing
blood spots between samples from large urban
communities and those from all other communities.
Taking each community separately, there was no
suggestion of a correlation between median time lag
and previously observed mean phenylalanine levels.
When the contribution of the type of feed to the

phenylalanine and tyrosine concentrations was
considered, it was found that bottle fed babies had a
higher mean blood phenylalanine value than
breast fed babies. The mean value associated with
each brand of milk used was higher than that for any
group of breast fed infants. There was no difference
in the mean blood tyrosine of the two broad
categories, (breast fed and bottle fed), but when
individual brands of milk were considered, big
differences appeared. Baby Milk + and Ostermilk
were associated with very high concentrations of
blood tyrosine, while the mean for each of the other
three brands was lower than that for any geographical
group of breast fed babies. Many of the differences
in mean phenylalanine, and particularly mean
tyrosine values, with type of feed were large in
relation to those described for other geographical
areas. Thus, although the use of various brands of
milk tended to be zoned geographically, this alone
could not account for their contribution to the
phenylalanine and tyrosine values.
The 1970 screening survey1 and the survey reported

in this paper indicate that infant blood phenyl-
alanine is influenced by geographical location, type
of feed, and birthweight. The effect of each factor is
small, but each may be of practical importance in the
operation of a screening programme; firstly, in
defining a 'cut off' level above which a repeat blood
sample should be taken and, secondly, in considering
if it is feasible to detect degrees of mild phenyl-
alaninaemia which may require long term paediatric
follow up.
The 'cut off' level widely employed since phenyl-

ketonuria screening was introduced is 240 ,umol/l

and a recent survey from the largest screening centre
in England has concluded that this point is still
appropriate.5 Our data show that a phenylalanine
level of 240 ,umol/l corresponds approximately to
the 99* 75th centile, overall. By applying this 'cut off'
point universally, however, the recall rate will vary
significantly between counties, and also with the
type of feed. For example, bottle fed babies in
Avon would have a recall rate of 0- 5 %, whereas for
breast fed babies in Somerset or Cornwall it would
be closer to 0 * 15 %. The actual overall repeat rate on
the sample of infants described in this paper was
3.3 %, because a lower 'cut off' value was used, but
variations around this mean are consistent with the
predicted variations in different groups of infants.
For example, 4.0% of infants from large urban
communities were recalled, but only 3*0% from the
remainder; 4 4 % of bottle fed infants were recalled,
but only 2.7% breast fed infants. The effect of
birthweight was also marked: 9-1 % of infants less
than 2 kg were recalled.
During statistical analysis it became apparent that

the accuracy of the phenylalanine method was
another major determinant of the recall rate.
The monthly mean for blood phenylalanine (each
based on from two to three thousand tests) varied
from 100 to 139 ,umol/l. The monthly recall rate
varied six fold, being inversely related to the
prevailing mean phenylalanine value. A similar
phenomenon was found by Walker et al.,5 their
annual recall rate fluctuating by a factor of 10. These
variations in analytical accuracy will be most
important when considering the significance of small
increases in blood phenylalanine.
The Medical Research Council Working Party on

phenylketonuria has recently recommended that
babies with blood phenylalanine of more than
240 ,umol/l should be kept under long term sur-
veillance.6 It is presumed that the object is to
distinguish those babies with an inherent tendency
to mild hyperphenylalanineamia which may be of
clinical significance. This survey indicates that
screening blood phenylalanine levels of about 240
,umol/l are affected by laboratory accuracy and other
complex factors. The mass screening procedures in
present use effectively identify babies with very high
blood phenylalanine, who are possibly suffering
from phenylketonuria, but they are unlikely to make
the diagnosis of permanent mild hyperphenyl-
alaninaemia with any certainty.

Transient neonatal tyrosinaemia was originally
found to be a common occurrence.7 Mild tyro-
sinaemia was detected in 10% of term infants. The
severe form appeared to be a problem in preterm
infants predominantly, with a maximum blood
tyrosine level at six to eight days of age.8 Over 25%
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of preterm infants on a moderately high, protein
feeding regimen, had a blood tyrosine concentration
of over 1 mmol/l, and over half of these had values
greater than 450 [±mol/l. This survey shows a changed
situation. Only 3*3% of babies less than 2 kg
birthweight had a blood tyrosine value of over
450 ,umol/l, while only six babies (three of low and
three of normal birthweight) had tyrosinaemia
greater than 1 mmol/l. This supports the recent
conclusions of Walker et al.5 that with the intro-
duction of low protein milk formulae transient
tyrosinaemia became rare. Tyrosinaemia may still,
however, be a complication in very low birthweight
babies fed special, high protein milks.

We thank Mr M G Gillett for skilled supervision of
the laboratory work and Mrs Mary Probert for her
part in processing the data.
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