The initiation and progress of phenylketonuria
programmes in China

RG Chen

The incidence of phenylketonuria in mainland China is similar to that of the West and various estimates
include 1:17 000, 1:16 500 and 1:11 186. The exact incidence in China in different regions still has to be
clarified. Affected neonates appear normal at birth, with dark hair at birth and vomiting is rare. In
infancy and childhood, the fair complexion becomes conspicuous. Head circumference is related to the
degree of mental development. We have also observed a “phenylketonuria-like syndrome.” These chil-
dren are mentally retarded with fair complexion but do not have elevated blood phenylalanine levels or
urinary ketones. The chances of a second child suffering from this abnormality in 75 high-risk families
was found to be 1:3. For treatment, we suggest a low-phenylalanine diet for at least for five years and
longer, if possible. Gene analysis has revealed differences in the frequency and composition of mutations

in northern and southern Chinese patients.
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Introduction

Investigations into phenylketonuria (PKU) in China
have been conducted only over the past 14 years. This
work has progressed from surveys through manage-
ment, to prenatal diagnosis. This paper reviews the
work that has been done.

Incidence

I did not expect to see many cases of PKU in China
when I first began a pilot, neonatal, screening pro-
gramme in Shanghai in 1982. Identification of the first
case in 1982 and two cases in 1983 made me believe
that screening for PKU in neonates was a necessary
preventive measure, and the screening has become rou-
tine in my laboratory since then. There are now three
laboratories involved in Shanghai that screen the city’s
neonatal population. Based on our seven years of ex-
perience in which 21 cases of PKU have been identi-
fied (of 358 767 newborns in Shanghai), the incidence
in Shanghai has been estimated to be 1:17 000.!
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Another screening programme organised by the
Beijing Medical University’s Department of Pediatrics
involved 11 provinces and cities and 198 320 newborns
in obstetric departments were screened. Classical PKU
was detected in 10 neonates and hyperphenyl-
alaninemia in two, which gives an overall incidence
of 1:16 500.2 A third set of data from a collaborative
study sponsored by WHO and the Ministry of Public
Health, from 1992 to 1993, involved seven cities and
yielded an incidence of 1:11 186 (Table).

From the three data sets, it can be seen that the in-
cidence of PKU in China is similar to that reported in
the West. Because the number of neonates screened is
low (the number screened represents only 1% to 2%
of the babies born), and the diversity of ethnic groups
in China, the exact incidence of PKU in different re-
gions and ethnic groups still has to be clarified. The
impression that the incidence of PKU is lower in south-
ern China than it is in the north, needs to be confirmed
by further screening.

Diagnosis and differential diagnosis

Clinically, the hair of PKU babies at birth is dark
and turns light only after three to four months. Vom-
iting, as mentioned in textbooks, is rare and usu-
ally not severe, if present. The fair complexion of



Table. The results of neonatal screening for
phenylketonuria in seven cities in China

Cities No. screened No. identified
(Incidence)
Beijing 50015 7
Shanghai 89 040 7
Tianjing 13 262 5
Shenyang 22024 0
Jinan 8 828 0
Guangzhou 41 600 2
Chengdu 13140 0
Total 234 909 21 (1/11 186)

these children is obvious to a clinician. The charac-
teristic musty smell is usually overlooked by par-
ents because they are used to it, but it is easily no-
ticed by visitors. In untreated patients, microcephaly
is common and the circumference of the head cor-
relates with the degree of mental development.
Convulsions, especially in the form of infantile
spasm, with characteristic electroencephalogram
findings are common. The general physical exami-
nation is usually normal but some may have spastic
cerebral palsy. Many of the parents (obligatory
heterozygotes) have a fair complexion.

Of interest to the differential diagnosis, are those
cases with mental retardation and fair complexion,
but without elevated blood phenylalanine levels or
the presence of ketones in the urine. Pedigree stud-
ies have shown autosomal recessive characteristics.
Similar cases have been seen in other clinics in
China. Possibly, this represents a new disease entity
that warrants further investigation. T refer to this as
the “PKU-like syndrome.”

Of the 546 PKU patients (male:female ratio,
337:209) seen in our clinic, only 64 (8.5%) were
identified through population neonatal screening.
Of these cases, 29 (22%) were from high-risk fami-
lies. And in the 75 high-risk families in our series,
25 (33%) had a second child with the disease. In
two families, three siblings had PKU. We often use
these examples to advise parents not to have a sec-
ond child, unless a prenatal diagnosis is to be per-
formed when a second pregnancy occurs.

Phenylketonuria programmes in China
Management

For the management of the disease, work on the pro-
duction of a low-phenylalanine diet was undertaken.
After five years, a prescription was finalised and pro-
duction commenced in 1987. Much support was ob-
tained from Dr Naruse of Japan and Dr Guthrie of the
United States for the realisation of this endeavour. This
product is based on the removal of phenylalanine from
acid hydrolysed casein.® In addition, a new low-
phenylalanine product has recently been successfully
developed in Beijing. This product is a mixture of dif-
ferent amino acids minus phenylalanine with the ad-
dition of low-phenylalanine starch. Patients are placed
on a restricted diet for at least five years or more.

Two families with maternal PKU syndrome were
seen in our clinic, emphasising the importance of edu-
cating treated female PKU patients. Five cases of
hyperphenylalaninemia, defined as blood phenyl-
alanine levels consistently above 4 mg/dL and below
20 mg/dL have been reported and followed by the au-
thor.* Phenylalanine loading tests were conducted in
three patients. The blood phenylalanine levels at 1, 2,
and 4 hours after loading (0.1 g/kg, given orally) were
all above normal, indicating an error in phenylalanine
metabolism. After follow up, three cases with blood
phenylalanine levels of 4- 10 mg/dL. and one case with
blood phenylalanine of 16 mg/dL were found to have
normal IQs while another case with blood
phenylalanine levels not higher than 12 mg/dL showed
retarded psychomotor development. We suggest that
a hyperphenylalaninemic child with blood
phenylalanine above 10 mg/dL should be under close
supervision and on a low-phenylalanine diet.

Tetrahydrobiopterin (BH4) deficiency is recognised
as a malignant hyperphenylalaninemic condition. In
our PKU follow up clinic, we have diagnosed six cases
of BH4 deficiency in four families. The first case was
suspected because of the patient’s continuing deterio-
rating general condition, especially muscular weak-
ness, despite the successful lowering of the blood
phenylalanine level. Diagnosis was confirmed by a
urinary biopterin profile.® All six were specified as hav-
ing synthetase deficiency. Only two of these patients
are still alive and one is being treated with BH4 pro-
vided by Dr Hsiao, of Taiwan. This patient has a 6-
pyruvoyl-tetrahydropterin synthetase (PTPS) defi-
ciency, confirmed by mutation analysis of the PTPS
c¢DNA (data not shown). We now routinely screen for
BH4 deficiency in all new PKU cases. To my knowl-
edge, there are three more BH4 deficiency patients in
China, one each from Beijing, Tianjin, and Guangzhou.
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Genetic and prenatal diagnosis

The human phenylalanine hydroxylase (PAH) locus is
located on the 12q22-24.1 region of chromosome 12.
The length of the PAH gene is approximately 90 Kb
including 13 exons and 12 introns encoding an approxi-
mately 2.4 Kb length of mature mRNA. According to
the data of mutation analysis of 30 PKU families from
northern China, Arg243Gln (23.3%) and Arg413Pro
(10.0%) were the two most frequent mutations in this
region.® In our laboratory, we analysed exon 7 of the
PAH gene in 58 PKU patients from southern China
and five mutations were identified. One of the muta-
tions, 1VSént-1, has not been reported previously in
the world literature. The Arg243Gln change only con-
stituted 9.5%.” These results indicate that there are dif-
ferences in the frequencies and composition of muta-
tions between the northern and southern regions of
China.

Prenatal diagnosis has been successfully performed
in 16 high-risk pregnancies in Beijing. Five foetuses
predicted to be affected were ended by induced abor-
tion.®

In summary, the coverage of neonatal screening for

PKU is still low in China, treatment for PKU is ex-
pensive, prenatal diagnosis is complex and expensive,
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and knowledge about PKU among general practition-
ers is lacking. All of these factors have made the serv-
ice to PKU patients inadequate.
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