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Introduction

In recent years, genetic screening has moved from relatively simple
medical programs which are designed to alert individuals potentially
affected by genetic disease to the need for treatment, to broader and more
complex programs designed to detect and counsel individuals “at risk™ for
developing or transmitting genetic and genetic-related disease or disability.
Among other factors, the advent of prenatal diagnosis for both simple and
complex genetic disorders, combined with the possibility of selective
abortion, and of carrier detection of prospective parents at risk for
transmitting genetic disease have greatly increased the impetus for expanding
screening programs. Prenatal diagnosis, which had been used almost
exclusively where one or both parents were “at risk™ as carriers of a
serious genetic disease, could now be extended to mothers at risk for
age-related disorders, particularly the Down syndrome, or to families with
a history of neural tube defects. Some genetic screening programs already
encompass markers indicative of future physiologic difficulties, such as
alpha, -antitrypsin (associated with emphysema) or adenosine deaminase
deficiency (associated with combined immune deficiency) where there
may be but vague prior indications of increased risk in the family.

The movement to cast the genetic screening net further and further
afield has been hailed by some biomedical scientists as a welcome
expansion of the health care services that society can bring to individuals
and their families. Others have questioned the wisdom of the objectives of
such programs and have perceived potential medical, psychologic and
sociologic hazards in premature enlargement of the scope of extant genetic
SCreening programs.

The papers in this series are the result of two years of deliberation,
discussion and review among members of the Genetics Group of the
Institute of Society, Ethics and the Life Sciences, Hastings-on-Hudson,
N. Y., of the multifaceted problems posed by the advent of the technologic
potential for mass genetic screening.® While no single group of papers can

*A preliminary publication of this Group’s provisional findings appeared in the
May 25, 1972, issue of the New England Journal of Medicine (N. Eng. J. Med.,
286:1129-1132, 1972.)
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meaningfully broach all of the issues generated by genetic screening, these
papers are intended to begin a critical examination of some of its facets:
its medical and philosophic underpinnings; its value premises; its opera-
tion, goals and effectiveness; and the prospects for its beneficial or
deleterious impact on society generally. They were written with the
conviction that society will require a heightened sensitivity to the ethical,
legal and social questions posed by the rapid influx of genetic knowledge.
Once screening moves away from the simple medical model of one-
variant-gene/one-metabolic-abnormality to embrace a spectrum of simple
and complex diseases with varying degrees of genetic determination and
susceptibility to treatment, it will undoubtedly encounter a welter of
novel medicolegal, ethical and social problems. Moreover, research
screening where the objective is simply to uncover sufficient knowledge to
understand the prevalence, etiology and pathogenesis of genetic-based
human disease, itself poses major problems in the acquisition, interpreta-
tion and application of the genetic and medical knowledge which are the
prerequisites to the understanding and control of human disability.
Ideally, the papers in this series will add to the understanding and
appreciation of the nonmedical as well as the medical parameters which go
into assessing the large-scale impact of genetic screening in our increasingly
technologic society.

Marc Lappé, Ph.D,

Program Director in Genetics
Institute of Society, Ethics
and the Life Sciences
Hastings-on-Hudson, N, Y.

All of these papers were prepared under an NIH Grant (No. RO 1 GM19922-01),
made to the Institute of Society, Ethics and the Life Sciences.
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Newborn Genetic Screening
as a Concept in Health Care Delivery

A (Jritique

Marc Lappé, Ph. D. and Richard O. Roblin, Ph.D.

Introduction

The 1960s saw a dramatic increase in public interest in and legislative
concern about genetic disease, which led to passage of state laws
mandating newborn screening for phenylketonuria (PKU). Currently, 43
out of 50 states require PKU testing. Among these states, at least 18 have
passed legislation which anticipates testing for other inborn errors of
metabolism. The newborn screening laws in Kentucky and Maine, for
example, authorize general testing of newborns for metabolic disease with
the sole stipulation (in Maine) that the abnormality be expected to result
in subsequent mental deficiencies. Thus, the legal basis for compulsory
mass screening of newborns for genetic diseases other than PKU was
established in several states as early as 1967. A legislative proposal which
mandates an expanded newborn genetic screening program for six specific
genetic diseases has recently been introduced in the New York State
Legislature.* Since this proposal may augur a new wave of legislative
activity in neonatal genetic screening, we believe it is important to review
the rationale for such multiphasic testing programs.

The questionable justification of the early legislative activities to
control PKU has been reviewed by Bessman and Swazey.! They concluded
that “What we have done so far with PKU should give us no cause for

*New York State Senate bill § 7005.
Marc Lappé, Ph.D., Associate for the Biological Sciences, Institute of Society,

Ethics and the Life Sciences, Hastings-on-Hudson, N. Y. and Richard O. Roblin,
Ph.D., Assistant Professor, Harvard Medical School, Infectious Disease Unit,
Massachusetts General Hospital, Boston.



2 M. LAPPE AND R. O. ROBLIN

pride or self-satisfaction. If we examine the situation in which we find
ourselves, we may be able to construct a more intelligent and effective
approach to the application of science to social questions.” Others have
noted that current screening tests have proliferated to some extent merely
“because inborn errors of metabolism are a new and exciting group of
diseases” and because the technology was available.2 It is with these views
in mind that we have written this paper. We will evaluate the prospects and
desirability of expanded genetic screening programs in two parts: the first
deals with the philosophic and political implications of genetic testing, the
second with procedural and ethical questions.

Philosophic and Political Considerations
in Screening for Disease

Implicit Value Assumptions in General Rationales for Screening

The World Health Organization (WHO) has defined medical screening
as ““the presumptive identification of unrecognized disease or defect by the
application of tests, examinations, or other procedures which can be
applied rapidly. Screening tests sort out appareftly well persons who have
a disease from those who probably do not.”? Although this definition
includes no explicit statement of the wltimate purpose of the screening
process, the implied purpose is provision of health benefits to those who
are found by screening. In the case of screening for genetic diseases, other
objectives, such as the acquisition of scientific knowledge or provision of
knowledge of genetic carrier status, can also be justified, but the stated
purpose of screening is most often given as the detection of presymptom-
atic conditions in order to ameliorate or prevent later disease.?

The rationale for screening programs thus assumes that the benefits
derived from treatment following early detection of disease will exceed
those that would be possible if the detection were deferred. However,
screening for wnrecognized disease, as is usually the case in genetic
screening, introduces novel medical, legal and moral aspects, since such
screening conducts investigations which do not arise from a patient’s
request for advice on specific complaints. This led McKeown to conclude
that such investigations should be considered “a presumptive undertaking,
not merely that an abnormality will be identified if it is present, but that
those affected will derive benefit from subsequent treatment or care.”® If
the diseases which are screened for are not amenable to treatment, there is
some danger that screening may lead only to social and psychologic
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isolation of individuals without affording them direct health benefits.
Isolation of detected, affected individuals is explicitly mentioned in a
subsequent WHO definition which describes the objective of disease
screening as the discovery, treatment and, if necessary, “isolation of
individuals™ who are suspected of “*being a danger to their neighbors.”>
However, as one of us has previously emphasized.® the arguments for
isolation of carriers of infectious agents do not apply in the case of carriers
of deleterious genes.

Implicit Political Assumptions in Screening

While most current genetic screening programs identify existing but
subclinical disease processes, some new programs (such as those which may
be designed to detect adenosine deaminase deficiency and presumptive
immune incompetence?) will identify impending disease or disability.
These programs rest on the rationale that anticipation of disease is itself
desirable because it allows identification of a population at high risk for
later disability. The WHO definitions of screening fail to discuss the
political implications of placing the health needs of individuals who are
likely to develop disease at some time in the future above those who are
currently suffering from disease (but who may be unable to seek or receive
medical attention). For example, Wilson and Jungner state that “screening
is an admirable method of combating disease, since it should help detect it
in its early stages and enable it to be treated adequately before it obtains a
firm hold on the community™.5 These authors note only in passing that
screening may not be universally useful because of the prevalence of overt
disease — but believe such disease is only a problem of developing
countries. With the greater availability of money in developed countries,
they believe “efforts can be made to extend the disease-free period of life
by all possible means, including the detection and correction of early
departures from normal health.”s

Thus, while screening may have begun as a mechanism for detecting,
isolating and treating the sick, it may in the future be directed more
toward the identification and preservation of health. While this may
appear but a minor shift in emphasis, it should not pass unnoticed, since
“health” is generally the province of the affluent and sickness the province
of the poor, even in developed countries. We believe that among the
questions to be asked before a country begins to invest appreciably in mass
genetic screening, is whether or not significant disability from overt disease
has been reduced to the point where it is acceptable to mount major
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programs designed to prevent new genetic diseases. Mounting mass
detection programs for genetic diseases whose incidence rates are very low,
(ie less than 1 in 20,000), would probably reflect and encourage a
restructuring of the philosophy of health care delivery away from one
which has emphasized the aggregate good of reducing the societal impact
of disease generally, and toward one which values maximization of
individual health and well-being. The paper by Twiss in this series reviews
some of the value aspects implicit in such a move.

Implicit Assumptions of Disease Causation

Genetic screening, in contrast to traditional disease screening, moves
away from seeking individuals who have failed to adapt toward finding
ones who are prone to fail to adapt. Since screening for genetic diseases
has generally entailed looking for abnormal biochemical profiles which are
assumed to reflect underlying genetic deficiencies, there is a tendency to
assume that each genetic disease has a purely endogenous cause. This
assumption is only partially true, since all genetic disabilities only become
manifest after interaction with some environmental or metabolic compo-
nent.

There may also be some tendency to think and act as if genetic
diseases were exclusively caused by identifiable “*bad genes.” For example,
Dent says, “This screening has become a new form of public health, in
which local health officers . . . are having to reorient their thinking a little
beyond the more usual search for bacteria or viruses, as they begin to seek
out the abnormal genes.”® However, experience with one of the best
studied genetic diseases, PKU, has revealed that it is genetically hetero-
geneous? in that at least some biochemically deviant individuals are
phenotypically normal.!® Thus, there is some danger that a biochemical
abnormality which is only a manifestation of normal genetic heterogeneity
may initially be regarded as “deviant.” This had led to inappropriate
treatment with subsequent fatal consequences for a few individuals in the
past.® Hopefully, consciousness of potential genetic heterogeneity will
prevent recurrence of such tragedies.

One of the premises of adult multiphasic screening programs is that
one is testing a population that has been subjected to an environmental
“winnowing.” Proponents of one concept of illness believe that much of
adult ill health results primarily from the organism’s failure or inability to
ward off, adapt to, or compensate for environmental accidents and insults
over time.!? While acknowledging that in many instances there are
underlying genetic predispositions to this inability, as in diabetes and
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perhaps hypertension, some would maintain that the principal causative
agent in producing disease is the environment, not genetic predisposition.
To the extent that this represents an accurate formulation, meaningful
screening could only be done after environmental exposure; hence it is the
childhood, adolescent or adult phenotype of the host which should receive
the greatest attention in screening. An emphasis on the primacy of genetic
factors would, of course, lead to the opposite conclusion. A middle path is
clearly indicated since there is general agreement that the phenotype is
defined by the interaction of genotype and environment (see the paper by
Ehrman and Lappé in this series).

However, many components of the genotype may only be imperfectly
visualized by the qualitative or quantitative assessment of gene products at
birth, which themselves fluctuate after environmental exposure. On the
other hand, if one wishes to antficipate genetic-based disease, neonatal
screening may be the only opportunity to examine the organism before
labile markers are disturbed through postnatal environmental interaction.
Seen in this light, the crux of the medical arguments for neonatal genetic
screening is whether or not one can accurately predict the future sequelae
of environmental exposure by a momentary look at the metabolic state of
the newborn. While this has proved true for some metabolic states (such as
hyperphenylalanemia and likelihood of subsequent mental retardation),
significant questions remain as to what other disordered metabolic states
or genetic markers will be found to correlate strongly with disability later
in life.

There is already evidence of statistical association between members of
the HL-A group of human transplantation antigens and a number of
diseases, such as celiac disease and chronic aggressive autoimmune hepatitis
(HL-A 1 and 8), uveitis, Reiter disease and ankylosing spondylitis (W27),
psoriasis (HL-A13, W17) and myasthenia gravis (HL-A 8 and possibly 1).
(For example see Ref. 14.) Many other indices are discernible at birth
which may or may not prove to have meaningful associations with later
disease. These include protease inhibitors associated with alpha,-
antitrypsin deficiency which may predispose to chronic, obstructive lung
disease (see the paper by Erbe in this series for a fuller treatment of this
association), and alterations in immunoglobulin classes like IgA and IgE
which may be associated with later atopy or allergic states. Obviously,
before these associations are known with confidence, the decision to
screen for such markers will rest on justifications other than the provision
of immediate health benefits to the screened population.



6 M. LAPPE AND R. 0. ROBLIN

Wh‘en to Screen: Practical Examples of Programs Based
on Different Disease-Causation Philosophies

Screening at birth for immunoglobulin (IgM), complement (C5), or
enzyme (adenosine deaminase) deficencies”-!2:!3 may be justified on the
need to detect immunodeficiency diseases which predispose the individual
in the future to the risk of neoplasia or serious bacterial infection.
However, it is currently difficult to justify using HL-A haplotypes alone
for ascertainment of disease risk.¢T 14 Such estimations are now based on
weak statistical associations and the diseases themselves usually have
strong . environmental components, thereby reducing the imperative of
newborn testing. However, we do suggest that it might be desirable that
some screening efforts be directed toward individuals after they have been
exposed to environmental “triggering” agents rather than before such
exposure as would be the case in most immunodeficiency newborn
screening.

For example, it has proved more beneficial for public health purposes
to screen children for immune responsiveness after they have been exposed
to natural infection or vaccination rather than before.!S Mass screening
for bacteriuria in the female population at risk for pyelonephritis may be
more productive in school-age girls who have been exposed to bacterial
infection than in younger, more immunologically naive subjects.!® In both
instances, a genetic determination of possible susceptibility to infection
would likely have been unrevealing, since with the exception of adenosine
deaminase deficency!?® or other rare genetic immune deficiency diseases,
there are as yet few general correlates of genetic status at birth and
susceptibility to infection.cf12

Procedural Considerations in Screening Programs
for Genetic Disease

Current and Future Programs

To focus our discussion, we will consider three concrete examples of
existing screening programs or technologies: first, screening for PKU;
second, a hybrid program (in Massachusetts) which screens for PKU and
several other metabolic abnormalities; and finally, new technologies which
could lead to much broader screening programs.

PKU Screening. The most widespread neonatal genetic screening
program in the United States is that for PKU. In PKU screening, one looks
initially for infants with elevated (>2-4mg/100 ml) blood phenylalanine
levels. Typically, PKU testing programs utilize a bacterial growth test
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devised by Dr. Robert Guthrie of the State University of New York at
Buffalo.! 7 Several drops of blood are taken from each newborn, dried on
a filter paper disk and mailed to the testing laboratory. There, the disks are
placed on a plate containing agar, bacteria and a specific bacterial
inhibitory substance. The bacteria will grow only if a predetermined
minimal concentration of phenylalanine (2 mg/100 ml) is present. If an
increased zone of bacterial growth is observed on the test plate, the infant is
suspected to have PKU.* The test has been automated to the extent that
one technician can test on the order of 50,000 samples per year, and the
cost of the materials per test is less than the 10 cent stamp required to
mail the blood sample to the testing center. The major costs of the
program are salaries, overhead and other equipment required to permit
follow-up evaluation of those tentatively identified as having PKU.

The scientific assumptions which underly a mass screening approach to
PKU detection and treatment have been outlined by Bessman and
Swazey!: (1) The condition generally produces mental (and to some
extent physical) retardation. (2) The cause of retardation is known (eg an
accumulation of the substrate or one or more of its metabolites). (3) There
exists a mass screening test which is not prohibitively expensive and which
is reliable in the sense of being sensitive while yielding few false-positive or
false-negative results. (There are also confirmatory diagnostic tests which
can be used to verify presumptive positive results identified by the mass
screening test.) (4) A special diet or other therapy started early enough
and continued long enough will prevent retardation in individuals with the
genetic defect. Bessman and Swazey have also pointed out the questions
and problems involved in each of these assumptions.!

Since their analysis, additional cases of adults with serum phenyl-
alanine levels above 14 mg/100 ml who are mentally “abnormal,” but not
retarded have been reported.!? Progress has been made in distinguishing
PKU from some other causes of hyperphenylalanemia in neonates,” but the
existence of variants of classic PKU have, in Nitowsky's judgment, “made
the diagnosis of PKU arbitrary.”!8 He concludes further that, as of 1973;

1. Our knowledge of the natural history and variability of PKU is still

incomplete.
2. The effectiveness of treatment of the disease (PKU) has not been

accurately measured.

*Follow-up tests over a period of one to two months are required to confirm a
diagnosis of PKU by distinguishing it from several other causes of high blood
phenylalanine levels in the newborn.
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3. We have inadequate information about the optimal age for
institution of therapy, or levels of serum phenylalanine at which
treatment should be undertaken, or the age at which treatment
may be stopped.

Since PKU is one of the most intensively studied genetic diseases,
Nitowsky’s conclusions apply with even greater force to all other genetic
diseases for which one might screen in the newbom period. (See the paper
by Powledge for further analysis of Nitowsky.)

Hybrid Screening (PKU plus other metabolic disorders). Although
most states currently test only for PKU, Massachusetts is evaluating a
screening program for metabolic disorders which can detect about 30
different genetic abnormalities in the newbom.!® Some aspects of the ten
most frequent disorders are shown in Table 1.

The Massachusetts program uses three separate tests: (1) an umbilical
cord blood sample taken at birth to screen for potentially lethal diseases
like galactosemia where the earliest possible detection is vital, (2)a

Table 1. Metabolic Disorders and their Estimated Frequency
among Newborn Infants in Massachusetts®

Treatment
Disorder Total Screened Total Detected Frequency Available ]
1 Phenylketonuria 981,361 67 1:15,000 :r'es (dietary) |
11 Atypical phenylketonuria 981,361 57 1:17,000 Not indicated? '
Iminoglycinuria 332,143 34 1:10,000 Not indicated [
T1Cystinuria (several types) 332,143 21 1:16,000 Yes
Hartnup disease 332,143 18 1:18,000 Yes, and bio-
chemical disorder
may resolve sponta- |
neously in
adulthood?
Histidinemia 332,143 18 1:18.000 No, dietary restrictio
not effective?
tGalactosemia 550,000 5 1:110,000 Yes
1 Maple syrup urine disease 542,004 5 1:170,000 Yes (dietary,
restriction of
leucine, isoleucine
and valine)
7 Argininosuccinic acidemia 332,143 5 1:70,000 Yes (dietary,
protein
restriction)
Cystathioninemia 332,143 3 1:110,000
T Homocystinuria 449,619 3 1:150,000 Yes in some cases
*Modified from reference 19.
T Disorders with definite clinical complications.
++Disorders that may or may not be associated with clinical disease.
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peripheral blood sample taken soon after dietary protein has been
introduced (usually two to four days after birth), and (3) urine samples
taken when the newbom is 3-4 weeks old. The utility of this last approach
is underscored by the fact that separation and identification of compounds
in urine by paper chromatography has identified several “abnormalities”
which would be missed if only the blood were examined. The “‘extra”
testing is required to establish the significance of any “abnormal™ result by
eliminating false-positive results due for example to bacterial contamina-
tion or transient neonatal findings. At least three consecutive abnormal
specimens are required to indicate a metabolic disorder requiring further
investigation.

In its current form, the Massachusetts program screens 75,000 to
80,000 infants per year and detects 30-35 infants with some metabolic
disorder, of whom about 60% subsequently manifest clinically significant
disease.!® The Massachusetts program costs the laboratory about
$200,000 per year, or about $2.50 per infant screened. About 80% of the
program’s annual budget comes from a federal grant (U.S. Public Health
Service); the remaining 20% comes from the Massachusetts Department of
Public Health.

Multiphasic Genetic Testing. Although the Massachusetts Metabolic
Disorder Screening Program is properly described as “multiphasic™ in the
sense of testing one sample simultaneously for several abnormalities of
amino acid metabolism, it does not embrace the full spectrum of test
possibilities. Recent developments in separation technology now make it
possible to separate, identify and quantitate 20-25% of the several
thousand biochemical components of the human organism. A group of
Scandanavian scientists (Jellum, Stokke, and Eldjarn)29-22 has used a
combination of eight different gas-liquid chromatographic systems to
detect 500 to 1000 different compounds in blood or tissue samples.
Pauling and his associates have accomplished similar technical feats on
human breath and urine wvapor.2? The Scandinavian workers have
compiled a computerized library of the mass spectral analyses of 17,000
different compounds to facilitate identification of unknown specimens
obtained. In a preliminary study of some 500 subjects these chromato-
graphic technics led to the discovery of four entirely new metabolic
disorders.2? To date, approximately 40 new inborn metabolic abnor-
malities have been detected, many of them of clinical significance.*?22

#*It should be noted, however, that multiphasic biochemical testing by gas
chromatographic systems promises to be considerably more expensive, both in terms
of the cost of each individual test, and in terms of the follow-up tests required to
evaluate the significance of any abnormal results obtained.
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However, the question of the desirability of routinely applying such truly
multiphasic testing to newborns remains largely unasked.

An exception is Reimendal and Sjovall,2? who have utilized gas
chromatographic technics for automated analysis of steroids in the blood,
urine, tissues and feces. Since disorders of steroid metabolism (such as
adrenogenital hyperplasia) are a significant component of neonatal genetic
disease, they believe these and related steroid analysis technics might
profitably be applied in appropriate populations of newborns.

Recent technical developments in biomedical engineering are beginning
to make mass multiphasic testing appear more feasible. Automated tests
are available to detect at least seven significant metabolic disorders: PKU,
maple syrup urine disease, homocystinuria, histidinemia, valinemia,
galactosemia and argininosuccinic aciduria.!” While current tests rely on
bacterial growth-facilitation assays of the Guthrie type, other develop-
ments which would permit greater ease of automation are on the horizon.
For example, Ganger has described an apparatus with operating costs of
about $5 per sample which will separate 11-13 amino acids from urine and
9-10 from serum in about 45 minutes.23

Gas chromatography,2® centrichromatography?? and thin-layer
chromatography?® coupled with computer diagnosis have made feasible
quantitative analysis of biologically important compounds at the
nanogram (10-? gms) level. The use of stable, nonradioactive isotopes
promises to permit a safe and quantitative means of screening follow-up
for rare disorders. For example, nonradioactive amino acids can be used in
conjunction with gas chromatography and mass spectrometry to define a
number of disorders of leucine and tyrosine metabolism,2? eg ketotic
hyperglycinemia, sweaty feet syndrome and maple syrup urine disease.<f
30 In view of the recent demonstration of an apparently effective dietary
treatment of the “‘sweaty feet syndrome,”3! as well as past demonstra-
tions of the benefits of early dietary interventions for other branched-
chain aminoacidurias,® this may prove an extremely valuable technic.

Establishing a Screening Program

At what point does one know enough about the natural history and
variability of a given genetic disease to justify a mass screening program? It
would be fruitful to answer this question using concrete examples since
the consequences of the disease, efficacy and potential side-effects of
current therapy, and sensitivity of screening tests vary for different genetic
diseases. In addition, because most genetic diseases are so rare, large-scale
screening programs may be required to identifvy a sufficient number of
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cases to permit assessment of genetic heterogeneity and efficacy of
different therapies. In the face of these observations, we have concluded
that neonatal screening programs for genetic disease might profitably
follow a two-stage development.

During the first stage, pilot research screening programs whose goals
are case finding and assessing variability of the disease (eg genetic
heterogeneity) and the efficacy of proposed treatments would be
appropriate. Safeguards appropriate to such research programs, such as
insistence on informed consent, would be required during this stage (see
paper by Fletcher, Roblin and Powledge in this series). A potential
candidate for such a program would be testing for alpha thalassemia,
where the clinical features of the carrier status have yet to be
elucidated.3?

After a pilot program had been in operation for some years and
experience with disease variability and efficacy of treatment had been
accumulated, the entire experience with the disease should be reviewed
and a decision made about transition to the second stage, that of mass
screening programs which aim to provide an established medical service to
the entire population at risk. The archetypal second-stage program is
represented by thalassemia trait screening, where inexpensive, automated
technics have been perfected for rapid discrimination of this trait from
iron deficiency and beta thalassemia.33-36

The current Massachusetts Metabolic Diseases Screening Program
illustrates the emerging tendency to combine screening for PKU with
simultaneous screening for other genetic diseases.!?:37 As rapid, inexpen-
sive tests for diseases other than PKU are developed, there is a tendency to
employ them in screening programs without careful analysis of whether
the circumstances of the disease in question justify such screening.
Guthrie, for example, has generally relied on an economic rationale to
encourage multiple testing.!” (We will deal with cost-effectiveness
calculations in neonatal genetic screening in more detail below.) At this
time, we simply note that lumping together neonatal screening for PKU
(which could appropriately be considered a service program) and other
genetic diseases for which screening is still in the research stage, blurs the
distinction between them and may deny patient-subjects the safeguards to
which they are entitled.

Current mass screening programs are limited in that they detect
abnormal serum or urine concentrations of only a small number of specific
biochemicals, usually amino acids. The multiple gas chromatographic or
other automated systems referred to above20-22,25-28 are capable of
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simultaneously measuring the concentration of hundreds of the
biochemical compounds in human urine or breath. Such systems might be
thought to represent the potential ultimate program in screening for
neonatal genetic disease, and in modified form have come into increasing
use.T 38 They are at least the ultimate in economic terms of “the
maximum number of tests for your dollar.” However, we believe such
multiphasic systems will not prove useful for genetic screening until
(1) extensive correlations are developed between “‘abnormal™ levels of
well-characterized biochemical compounds and clinical disease, and (2) the
many other possible causes of abnormal concentrations (organic disease,
changes in diet, slowly maturing neonatal enzyme systems) are excluded
and the condition itself is proved to be of genetic origin.

As we have stressed, the validity of such screening systems rests on the
assumption that the biochemical composition of the body fluids of the
newbom will be an accurate index of the present and future health of the
individual. This is an unproven assumption since it has yet to be
determined how many of the biochemical substances which can be
quantitated in the newborn will accurately reflect its adult functional
genotype. For example, there is a question of which substances are its own
gene products; some like alpha,-antitrypsin globulin, may represent
substances of maternal origin which have crossed the placenta. Another
question remains regarding the permanence of structural gene products:
some may be regulatory substances which are part of the early
developmental needs of the fetus. We thus agree with the Scandinavian
developers of these systems when they state: *It is our experience that
computer techniques should mainly be applied on carefully selected
patients rather than for screening large groups of patients.”2!

Research Potential of Newborn Screening

Several researchers have emphasized that the current value of
multiphasic screening programs lies in their research potential. For
example, Guthrie!”7 has stated that multiphasic screening now “has
enough scientific value to encourage mass screening for as many
biochemical anomalies as possible. ...” However, he qualifies his
recommendation by noting that this is “always assuming that this can be
done without dipping into funds needed for more urgent aspects of health
care.” Guthrie does believe that the ancillary research values of carefully
designed screening programs will continually keep the balance of costs in
tavor of multiphasic screening. As long as screening procedures for the
same cost “yield steadily increasing ‘fringe benefits’ of data on both
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pathologic and benign metabolic differences,” he feels they will be
justified. In a similar vein, Nitowsky has written:

Although the primary role of screening would appear to be preventive,
there are other desirable objectives which continue to provide the major
stimulus for development and use of these programs in the community.
Screening permits early detection of poorly understood diseases and
provides an opportunity to study them and to elucidate their patho-
physiology.18

Hecker has also advocated prospective research objectives.??

The need for more data on the incidence, etiology and pathology of
metabolic disease per se is often given as a sufficient rationale for mass
screening. For example, Stern?? has proposed that “pilot schemes in
which all or a large random sample of newbom babies are screened for one
or more inborn errors of metabolism™ would be a good way to accumulate
the necessary data. Although ethical questions are raised by any procedure
which requires proxy consent for a nontherapeutic intervention, Hill and
his colleagues believe such screening can be justified because it will
stimulate investigation of just those metabolic pathways necessary for
developing potential methodologies of treatment for detected infants.®!
We have previously stated that such research values are enhanced when
they are linked to counseling or public health benefits.®

Organization of Neonatal Genetic Screening Programs

The economics of mass screening strongly favor the establishment of
central testing centers, each of which might process 50,000 to 100,000
samples per year. As noted above, because of the low cost of the testing
materials themselves, the major costs of starting each testing center are
salaries, overhead and equipment. As a result, the cost per test for PKU
decreases almost linearly up to 30,000 tests per year. Once each center
does at least 30,000 tests per year, the cost per test decreases up to about
200,000 tests per year (H. L. Levy, personal communication). Thus
maximization of overall cost-effectiveness for PKU screening programs
would involve establishing 20-30 testing centers throughout the United
States. Since PKU testing is currently organized separately by each state,
this has led to suggestions that regional testing centers would be
advantageous for those sections of the country where there are states with
less than 30,000 newborn infants per year. Attempts to establish regional
testing centers would raise legal questions, however, since public health
legislation is an area traditionally left up to the individual states. (See the
paper by Green and Capron in this series.)



14 M. LAPPE AND R. 0. ROBLIN

Even now where one central testing facility serves an entire state,
problems may exist in communication of positive results to parents of
infants with PKU and their doctors and in appropriate follow-up. There
are at least two potential sources of difficulty. First, because of the
geographic separation of the testing center and the patient’s location,
effecting the repeated testing and follow-up required to unambiguously
establish the PKU diagnosis will be more laborious and time-consuming.
Treatment poses similar problems since “clinical experience has demon-
strated that individual requirements for phenylalanine among PKU
patients vary greatly,*™® [and] one child may require 3 times as much
dietary phenylalanine as another to maintain the same blood level [of
phenylalanine] .7 Thus, periodic monitoring of the effects of the low
phenylalanine diet is an essential component of the care of phenyl-
ketonurics. Many local medical facilities may lack the necessary equipment
to do this periodic monitoring. Second, if genetic counseling of the parents
is viewed as an essential component of the neonatal genetic screening
program (as we believe it should be), delivering this health care component
will require either visits by parents of PKU infants to the central testing
and counseling center, or a “roving” genetic counselor.

The organization of neonatal genetic screening programs is intimately
connected to the source of the funds for testing programs. To date,
although state governments have shown themselves willing to mandate
PKU testing, they are less willing to appropriate adequate funds to finance
the screening programs. For example, the above cited Massachusetts
Metabolic Disorder Screening Program receives only about 20% of its
annual budget from the Massachusetts Department of Public Health.
Without the federal grant which covers the remaining 80% of its costs, the
Massachusetts screening program could not continue (H. Levy, personal
communications). If the Massachusetts situation is typical, state legis-
latures have yet to face the true costs of neonatal genetic screening
programs for PKU. Given the present funding pinch for most state
legislatures, it may prove difficult to induce them to increase their
appropriations for neonatal genetic screening programs. If federal funds
continue to take up the slack in paying for genetic screening programs, one
must ask whether there is an equal distribution of such funds so that all
neonates share equally in the benefits from PKU diagnosis and treatment,
and whether other medical priorities have been considered.

Cost-Effectiveness and Priorities in Neonatal Screening Programs

Many evaluations of neonatal genetic screening programs, including
this one, are permeated by references to their “cost-effectiveness.”


















































































































































































































































































































































































































































































































































































































































































































































































































