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The Manitoba Perinatal Screening Program is
guided by a committee of medical specialists
with skills in the diagnosis and management of
disorders of metabolism in the newborn. The
program is voluntary and is centralized at Cad-
ham Provincial Laboratory, in Winnipeg. A fil-
ter card blood specimen is collected ftom new-
borns on discharge from hospital, and a filter
card urine sample is collected and mailed to the
laboratory by the mother when the infant is
about 2 weeks of age. The overall compliance
rates for the blood and urine specimens are
approximately 100% and 84% respectively. The
blood specimen is screened for phenylalanine
and other amino acids, thyroxine, galactose,
galactose-1-phosphate and biotinidase. The
urine specimen is screened for amino acids,
including cystine, as well as methylmalonic acid
and homocystine. Between 1965 and 1985, 83
cases of metabolic disorders were detected, in-
cluding 23 cases of primary hypothyroidism, 14
of classic phenylketonuria, 5 of galactosemia
variants, 3 of galactosemia, 2 of maple syrup
urine disease and 1 of hereditary tyrosinemia.
The direct cost per infant screened is $5.50, and
the cost:benefit ratio is approximately 7.5:1. Ma-
ternal serum a-fetoprotein screening is being
made available as the necessary supporting clin-
ical facilities become available. On the basis of
this experience, the author outlines the compo-
nents that are important for an effective screen-
ing program.
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Sous la direction d'un comite de medecins
specialistes, le Manitoba Perinatal Screening
Program s'attache au diagnostic et au traitement
des troubles metaboliques du nouveau-ne. Son
centre nerveux est le Laboratoire provincial
Cadham a Winnipeg. Ce depistage n'est pas
obligatoire. Chez tout nouveau-ne on fait deux
prelevements sur carte-filtre: un echantillon de
sang a son depart de la maternite et un echantil-
lon d'urine recueilli par la mere, qui l'adresse
par la poste, quand l'enfant est age de quelque 2
semaines. Le taux de fidelite a fournir ces
echantillons est d'environ 100% pour le premier
et 84% pour le second. Dans le sang on recherche
la phenylalanine et autres acides amines, la
thyroxine, le galactose, le galactose-1-phosphate
et la biotinidase; dans l'urine on recherche la
cystine et autres acides amines, l'acide methyl-
malonique et l'homocystine. Entre 1965 et 1985
on a depiste 83 cas de maladies metaboliques, y
compris 23 d'hypothyroLdie primitive, 14 de
phenylcdtonurie classique, 5 des variantes de
galactosemie, 3 de galactosdmie, 2 de leucinose
et 1 de tyrosindmie. Le cotut direct par nourris-
son est de 5,50 $, le rapport de rentabilite d'envi-
ron 7,5:1. On offre aux gestantes le dosage de
l'alpha-foetoprotdine sdrique au fur et 'a mesure
de la mise en place des services cliniques corres-
pondants. A la lumibre de ce qui prdcbde,
l'auteur indique les composantes necessaires 'a
l'efficacite d'un tel programme de ddpistage.

The Manitoba Perinatal Screening Program
was started on a voluntary basis in 1964-65
with the introduction of the Guthrie test for

neonatal hyperphenylalaninemia on a pilot basis at
the provincial laboratory. This initiative was taken
in response to the interest and encouragement of
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the pediatrician community. Since then all perina-
tal metabolic screening testing in Manitoba has
been centralized in the Metabolic Diseases and
Chemistry Section of Cadham Provincial Laborato-
ry, in Winnipeg.

The objective of perinatal screening is to
detect selected disorders that affect the developing
fetus or newborn for which effective therapeutic
measures are available and can be applied in time
to allow for the normal mental or physical matura-
tion of the infant.

Perinatal screening includes testing that is
directed either at the mother in the prenatal period
or at the newborn. Although there are many
disorders that may affect the normal development
of the fetus or newborn and that can be detected in
the perinatal period, screening tests must be selec-
tive and must meet certain well-defined and ac-
cepted criteria. The chief criteria adopted by the
Manitoba program include the following.

* Screening must be accessible to the popula-
tion at risk, with account taken of the geographic
distribution of the population and the available
health facilities.

* The specimen must be easy to collect,
stable and easy to transport.

* The test must be inexpensive and easy to
perform.

* The sensitivity and specificity of the test
must be such as to allow for no false-negative
results and an acceptable proportion of false-posi-
tive results.

* The diseases screened for must have a high
enough frequency and associated rates of illness or
death to make testing economically practical.

* The program must have immediate access
to an identified panel of specialists with backup
technical resources who will be able to promptly
investigate suspected cases and treat and manage
confirmed cases.

* There must be effective and inexpensive
methods of treatment or prevention that will be
acceptable and of benefit to the patient.

In general, the diseases screened for are genet-
ically determined disorders of metabolism, mor-
phogenesis or endocrine function or some combi-
nation of these. All the tests are studied and put
through a pilot evaluation period of at least 1 year
before being adopted. The proportion of repeat
specimens requested for confirmatory testing that
gave a negative result on retesting (false-positive
result) was 1% in 1986.

Perinatal Screening Committee

The Manitoba program is guided by a commit-
tee with special interest and experience in pediatric
disorders of metabolism, endocrinology, genetics,
biochemistry, and maternal and child health. Re-
ferrals for clinical or ancillary laboratory investiga-
tion are made to appropriate members of the
committee who are also associated with the Uni-

versity of Manitoba's Department of Paediatrics
and Child Health and with the Children's Hospital
of Winnipeg. The committee operates within the
framework of well-defined terms of reference.
Briefly, these are as follows.

* To make regular (quarterly) reviews of the
Manitoba program and of other national and
international programs.

* To review and document all current data on
findings of the Manitoba program.

* To evaluate new programs, review current
literature and make recommendations to the Direc-
tor of Cadham Provincial Laboratory.

* To consider the costs and funding of
screening programs.

* To coordinate existing laboratory services.
* To establish contacts with similar groups in

other provinces, states or countries.
* To develop and maintain a satisfactory

relationship with consumers of the program and
health professionals, particularly community phy-
sicians.

Screening methods and protocols

In 1969 the Guthrie test for hyper-
phenylalaninemia was replaced by a procedure
involving descending paper chromatography, per-
formed according to a modification of the method
of Efron and colleagues.',2 The specimen continued
to be dried blood collected on Schleicher & Schuell
#903 paper (Schleicher & Schuell, Inc., Keene,
New Hampshire). An overlay stain for histidine3
was subsequently incorporated.

The Manitoba program was expanded in 1975
to include urine screening. A urine collection kit
comprising a Schleicher & Schuell #903 filter card
and an information brochure describing the pur-
pose and scope of the program is distributed in a
postage-prepaid, self-addressed envelope by the
hospitals to mothers at the time of discharge. The
mothers are asked to collect a urine sample on the
filter card when the baby is approximately 2 weeks
of age and mail the card back to the laboratory. In
addition to identifying disorders not detectable in
blood, such as Hartnup disease, cystinuria and
methylmalonic aciduria, the urine specimen serves
as a reference for missed initial blood specimens.

A synopsis of the protocol for blood and urine
testing is outlined in Figs. 1 and 2. In both cases if
all the tests give normal results, no report is
generated.

The most recent addition to routine perinatal
chemistry testing has been the introduction of
maternal serum a-fetoprotein (AFP) screening, in
1985. This test is being made available as the
necessary ancillary clinical follow-up facilities are
developed. It is expected to be as valuable in the
recognition of pregnancies at high risk due to
multiple gestation, intrauterine growth retardation
and prematurity as in the detection of congenital
malformations.4,5
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Detailed protocols have been devised for labo-
ratory staff, providing clear guidelines as to when a
particular finding should lead to a request to the
attending physician for another specimen or when
the result must cause immediate referral to one of
the specialist committee members for clinical con-
sultation and additional investigative procedures.

All routine requests for repeat specimens are made
by telephone, and a form letter outlining the
reason for the request follows. Failure to comply
within a given time results in automatic referral to
the Maternal and Child Health Division of the
Manitoba Department of Health, which pursues
the request through its network of public health
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of results
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+
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attending physician for repeat sample

Fig. 1- Simplified protocol for testing blood specimens in Manitoba Perinatal Screening Program.
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Fig. 2- Simplified protocol for testing urine specimens.
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nurses. Follow-up form letters are sent out when
repeat specimens show that the abnormality has
cleared or if more specimens are needed. The
clerical component of the program, which formerly
consisted of manual files, is undergoing automa-
tion.

Quality assurance is provided in two ways.
Analytical precision is monitored for each test and
specimen by the daily incorporation of control
materials appropriate for each procedure. Accuracy
is monitored regularly by participation in external
proficiency test programs, such as those available
from the College of American Pathologists, Cen-
ters for Disease Control, Atlanta (recently discon-
tinued), and an international metabolic screening
survey based in Heidelberg, Germany.

able uornpliance rates :d-;,,:b'; V-;' b :.
, " , , -, *q Program,

Program findings

The results of the program for 1965-85 are
presented in Tables I and II (derived from data
provided through the courtesy of Dr. James C.
Haworth, Department of Paediatrics, University of
Manitoba).

Cost-effectiveness

In 1985 blood screening was carried out in
17 712 newborns and urine screening in 14 871
newborns, for compliance rates of 100% and 84%
respectively. The direct cost of the tests (the costs
of the technologists' time and of the reagents) per
infant screened was $5.50. The indirect cost, in-
cluding all screening program costs but not the
salary of the coordinator, was $17, for a total cost
of $22.50. Committee members, except for the
consulting chemist, are not paid through the pro-
gram. Clinical costs resulting from the program are
bome by the respective hospitals. Comparison of
our program costs with costs averted indicates a
consistently high cost:benefit ratio.

Since 1977, 23 cases of primary hypothyroid-
ism and 8 cases of phenylketonuria (PKU) alone
were detected through screening. If we assume

that 40% of these children (12) would have re-

quired lifelong institutional care and if we assume
an average life span of 50 years and an average
annual cost of custodial care of $40 000 per child,
the costs averted would be $24 million. Given an
average yearly total cost of the screening program

ablkW:. ReSLuItS of the Manitoba P8Ifldr-I Screening Pr ogram. 1 965----85
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of $400 000, the cost for 8 years would be $3.2
million. The cost:benefit ratio is thus 7.5:1. These
calculations do not take into account the loss of
human potential and earning power in undetected
cases.

Recent improvements

Half of the disorders detected were diagnosed
in 1981-85. This is attributable in part to the
introduction of technical improvements and addi-
tional screening tests over the years. The change to
chromatography in 1969 allowed for the detection
of a wider range of aminoacidopathies. Two cases
of maple syrup urine disease have been detected
since this technique was implemented. An overlay
stain for histidine and spot tests for cystine and
homocystine in the urine sample also added to the
scope of detection. However, the most significant
additions to the program were the introduction of
screening for congenital hypothyroidism, in 1977,
and of automated quantitative screening for galac-
tose and galactose-1-phosphate with a Multistat III
microcentrifugal analyser (Instrumentation Labora-
tory, Lexington, Massachusetts), in 1983. The latter
has provided a sensitive method for identifying the
various types of galactosemia. Between 1983 and
1985 one case of classic galactosemia (uridyl trans-
ferase deficiency) and five cases of compound
galactosemia/Duarte variant have been diagnosed.

Children with metabolic or endocrine disor-
ders detected through the program are followed up
regularly at specific clinics at the Children's Hospi-
tal of Winnipeg. Those identified to date who are
receiving treatment appear to be developing intel-
lectually and physically within normal limits.

Future developments

New screening procedures for disorders that
meet selective criteria are constantly under review
by the Perinatal Screening Committee and under
methodologic investigation by Cadham Provincial
Laboratory. The latest test to be investigated for its
technical feasibility and introduced for a pilot
period of laboratory and clinical appraisal is a
biotinidase assay.'3 Biotinidase deficiency results in
an inability to recycle the vitamin biotin. Patients
with this disorder may suffer hearing loss, devel-
opmental delay and metabolic decompensation
leading to coma and death during infancy or early
childhood. If the disorder is detected at birth,
inexpensive biotin supplementation of the diet can
prevent neurologic damage and may be life-saving.
It is important for cost-effectiveness reasons to
establish the incidence of this disorder in Manito-
ba. It has been reported elsewhere in North
America in approximately 1 in every 40 000 infants
screened.'4

Another assay awaiting final approval (it has
met all the technical and feasibility criteria for

universal screening) is that for detecting an elevat-
ed level of 1 7-a-hydroxyprogesterone, which is
associated with the congenital adrenal hyperplasia
syndrome. It is estimated that the true incidence
rate of this disorder in most populations may be as
high as 1 per 10 000 births.15 Aside from the
genital virilization in girls, this disorder is associat-
ed with an acute salt-losing crisis that occurs soon
after birth in a significant proportion of boys and
of girls thought to be boys; the crisis is often
misdiagnosed and has a high death rate. Replace-
ment steroid treatment in the neonatal period can
result in normal development and life expectancy.

Other assays under preliminary consideration
for possible implementation are screening tests for
cystic fibrosis and for Duchenne-type muscular
dystrophy.

A concern facing screening programs in the
last several years has been the progressively earlier
age at which samples are obtained and newborns
discharged from hospital. Whereas formerly sam-
ples were obtained and infants discharged about
the fourth or fifth day of life, after several days of
protein feeds, programs of discharge at 48 or 24
hours - or even sooner - are gaining in populari-
ty, especially in times of financial restraint. The
recommended policy in Manitoba has been to
obtain samples as close as possible to the time of
discharge from hospital, regardless of the infant's
age. The sensitivity of some screening tests, espe-
cially tests for elevated levels of amino acids, when
done within hours of birth has not been satisfacto-
rily established. Accordingly, some provincial and
state programs require repeat sampling when ini-
tial samples are taken within 24 hours after birth,
and others may prescribe delayed sampling. Re-
peat sampling is inefficient, time consuming, ex-
pensive and often incomplete, and delayed sam-
pling results in a serious drop in the compliance
rate.

In 1975 the blood amino acid chromatographic
assay was supplemented with a quantitative fluor-
ometric assay for phenylalanine, modified from
that described by McCaman and Robins.16 It is
thought that this sensitive and specific additional
assay should minimize the necessity for repeat
sampling in infants in whom samples obtained
shortly after birth give negative results. It is also
expected that the early sampling experience gained
by other, larger programs will clarify the relation of
time to the sensitivity of the assays and the need
for repeat sampling. The state of California reports
that no missed cases have been documented when
testing was done in the first 24 hours of life. They
do not recommend rescreening infants who were
tested early. They screen with automated fluorom-
etry, using a cutoff point of 4.3 mg/dl (260
,umol/L) (George C. Cunningham, chief, Genetic
Diseases Branch, Department of Health Services:
personal communication, 1985).

Other common difficulties encountered are a
delay in transporting the specimen to the labora-
tory, unsatisfactory collection of the specimen and
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the necessity for repeat collection because of a
previous abnormal test result. To address these
difficulties Cadham Provincial Laboratory has pre-
pared an audiovisual presentation on specimen
collection and transportation for circulation to the
province's hospital nurseries.

Essential elements of a screening program

In working toward an effective metabolic
screening program we have found that the follow-
ing components are necessary.

* Program centralization or regionalization is
essential to provide the necessary expertise, experi-
ence and economics of operation. In Manitoba,
with a population of just over 1 million, all testing
is done at Cadham Provincial Laboratory.

* As important as accurate and efficient labo-
ratory screening tests are, the overall effectiveness
of the program will fall short of the mark if it is not
supported by a designated group of consultants
with expertise in the disorders encountered. These
people must be readily available to the screening
laboratory to interpret laboratory and clinical find-
ings in consultation with the baby's attending
physician so that an expeditious and appropriate
plan of follow-up action can be instituted. In
Manitoba the referring specialists are also members
of the program's consultative committee and pro-
vide advice on the overall direction of the program.

* Program coordinators are required to liaise
with the laboratory, the attending physicians and
the appropriate medical specialists and reference
facilities. In Manitoba one person is responsible for
the newbom screening program, another for the
matemal serum AFP program. These people are
essential to the efficient coordination of the many
interrelated facets of the programs.

* A documented referral protocol for labora-
tory* staff, detailing the appropriate action to be
taken for particular test results, is essential to
efficient performance of the program.

* Technical methods need constant upgrad-
ing to ensure incorporation of the latest improve-
ments. The screening laboratory must have well-
qualified, experienced professional and support
staff.

The clerical component of the program and
the collation and interpretation of the demograph-
ic, medical and laboratory data can no longer be
adequately done by manually searching hard-copy

files. Writing an appropriate computer program is
necessary to opfimize the daily operation and the
ongoing review and evaluation of the program.

I acknowledge the assistance of Drs. James C. Haworth
and Gregory W. Hammond in the preparation of this
review.
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Nature's heart

For faithful life-long study of science you will find no better example than John Hunter,
never satisfied until he had the pericardium of Nature open and her heart throbbing
naked in his hand.

- Oliver Wendell Holmes (1809-1894)
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