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The experience of newborn screening for Krabbe disease in New York State demonstrates the ethical problems
that arise when screening programs are expanded in the absence of true understanding of the diseases involved.
In its 5 years of testing and millions of dollars in costs, there have been very few benefits, and the testing has
uncovered potential cases of late-onset disease that raise difficult ethical questions in their own right. For these
reasons, we argue that Krabbe screening should only be continued as a research project that includes the

informed consent of parents to the testing.

Introduction

In 2006, New York State instituted the first newborn
screening for Krabbe disease, though not at the behest
of public health officials. The American College of
Medical Genetics had just recommended a radical ex-
pansion of newborn screening programs in the USA but
they explicitly refused to endorse screening for Krabbe
(ACMG, 2006: 6S). Instead, the push for Krabbe screen-
ing was spearheaded by Hall-of-Fame quarterback Jim
Kelly and his wife, Jill, whose son died from the disease,
and who were able to convince Governor George Pataki
to issue an executive order mandating the test. However,
the New York State experience shows the problems with
efforts to expand screening programs in the absence of
true understanding of the diseases involved. In its 5
years of testing and millions of dollars in costs, there
have been very few benefits, and the testing has un-
covered potential cases of late-onset disease that raise
difficult ethical questions in themselves. For these rea-
sons, we argue that Krabbe screening should only be
continued as a research project that includes the in-
formed consent of parents to the testing.

Background

Krabbe disease is an inherited, autosomal recessive, neu-
rodegenerative disease caused by a deficiency in a lyso-
somal enzyme, galactocerebrosidase (GALC). At birth,
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children appear normal, but they soon develop irritabil-
ity, spasticity, feeding difficulties, blindness and deaf-
ness. Soon their development slows and then stops.
Eventually, the children cease to have any voluntary
motion, and they die in childhood, often early
(Duffner et al., 2009a: 246). The disease is rare and
occurs in about 1 in 100,000 births (Wenger, 2011).
Until recently, there was no treatment, but hematopoi-
etic stem cell transplantation (HSCT) using umbilical
cord blood seems to result in significantly better out-
comes for the recipients, but only if the transplant is
done pre-symptomatically (Escolar et al, 2005). The
treatment is still experimental, and not all eligible pa-
tients have undergone the therapy. And it is far from
benign: it involves chemotherapy to ablate the bone
marrow of the patient, followed by HSCT, all on an
infant less than 2 months old. HSCT carries an esti-
mated 10 per cent risk of death and higher risk of mor-
bidity (Duffner et al., 2009a: 246). However, it seems to
replace the missing enzyme, and the children that sur-
vive the procedure grow and develop, though in many
cases, with significant disabilities; the exact long-term
prospects are still unclear (Escolar et al., 2005; Duffner
et al., 2009b).

Because HSCT is only effective if done pre-
symptomatically, newborn screening is the only system-
atic way to find infants who could benefit from it. On
that basis, advocates argued for its inclusion in the new-
born screening panel. They claimed that it fit the model
of other newborn screening programs, like that of
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phenylkentonuria (PKU), an inborn error of metabol-
ism which causes severe cognitive disabilities unless the
child is placed on a special diet before symptoms begin
to appear in the first few months of life. Krabbe advo-
cates believed that the screening and subsequent con-
firmatory enzyme assay would be sufficient to identify
those infants with severe GALC deficiency, who would
be appropriate candidates for HSCT.

Despite this comparison, testing for Krabbe disease
does not meet the traditional criteria for medical screen-
ing, as outlined in the classic report by J.M.G. Wilson
and G. Jungner (see Ross, 2012):

(1) The condition sought should be an important
health problem.

(2) There should be an accepted treatment for pa-
tients with recognized disease.

(3) Facilities for diagnosis and treatment should be
available.

(4) There should be a recognizable latent or early
symptomatic stage.

(5) There should be a suitable test or examination.

(6) The test should be acceptable to the population.

(7) The natural history of the condition, including
development from latent to declared disease
should be adequately understood.

(8) There should be an agreed policy on whom to
treat as patients.

(9) The cost of case-finding (including diagnosis and
treatment of patients diagnosed) should be eco-
nomically balanced in relation to possible expend-
iture on medical care as a whole.

(10) Case-finding should be a continuing process
and not a ‘once and for all’ project (Wilson and
Jungner, 1968: 26, 27).

If anything, we should expect a mandatory newborn
screening program—which uses the power of the state
to require all newborns to be tested—to meet all these
criteria quite clearly.' But Krabbe testing does not do so.
While the disease is serious, it affects a very small
number of children, so New York State, with a birth
rate of about 250,000 a year, expected to see only two
cases a year, so it may meet criteria (1), but not clearly.
The question then becomes whether the resources
needed to detect these two cases might be better spent
on other public health programs, and so Krabbe testing
does not clearly meet criteria (9).

In addition, while the treatment is only effective if
provided pre-symptomatically (4), that treatment is
not well established (2). Indeed, in this respect, it is
quite unlike PKU where the benefits of treatment for
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the child are so great that if parents are unable or
refuse to provide the PKU diet, a strong case can be
made for medical neglect. But parents who refuse the
treatment for Krabbe are not clearly acting against the
best interest of their child. These parents are faced with
subjecting their 2-month-old infant to an unproven
process that may itself damage, if not kill, their child
with the end result that the child will be severely dis-
abled. Against that option is the high probability—
though, given our lack of knowledge about the disease,
not the certainty—that their child will develop a disease
that is certain to kill her in early childhood. We may
disagree with a decision to forego treatment, but it is not
so out-of-bounds that it would constitute medical
neglect.

Finally, Krabbe testing fails to meet the Wilson—
Jungner criteria because, although a test is available
and relatively easy to administer (3), (6), what the re-
sults mean is still unknown (7), (8). Indeed, from the
beginning, experts knew there might be complications
in interpreting the results. While the infantile form of
Krabbe disease is the focus of newborn screening, there
are also late-onset forms. In these forms, symptoms may
begin at any time, from the age of 6 months to late
adulthood, and the patient’s condition has a variable
rate of deterioration that may not be related to the age
of onset. HSCT has been tried for these forms, but it has
not been consistently successful (Kolodny et al., 1991;
Krivit et al., 1998; Duffner et al, 2009a). So currently,
there are no established treatments for the late-onset
forms of Krabbe disease, and no clear benefit in
pre-symptomatic testing of this cohort. Unfortunately,
the newborn screening test and confirmatory GALC
enzyme activity by themselves do not distinguish be-
tween the early infantile and late-onset forms.
Furthermore, the natural history of late-onset Krabbe
disease is so poorly understood that no one knows if
or when a child at risk for the late-onset form of
the disease will actually develop it. It thus burdens the
parents and the child with knowledge that in no way
benefits the child. It thereby adds stress to lives of
these families and creates a cadre of ‘patients in
waiting’, stuck indefinitely in a no man’s land between
illness and normality (Timmermans and Buchbinder,
2010).

To deal with the uncertainty that pervades the find-
ings in the testing, the ad hoc group formed to imple-
ment the program in New York, the Krabbe Consortium
(a group that includes one of us), devised a procedure to
make recommendations to assess the risk of developing
the infantile form of the disease based on GALC enzyme
activity, on GALC genotype and on a comprehensive
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medical evaluation of the infant* (Duffner et al., 2009a:
248-50). Through this method, the Consortium has
tried to pick out the infants who are most at risk for
the infantile form of the disease and who might, there-
fore, benefit from HSCT. According to data collected
and reviewed by the Consortium, in the first 5 years of
testing, from August 2006 to August 2011, 1 million
children have been screened for Krabbe disease. Of
those, 228 had an initial positive test. Upon further test-
ing, 114 of these were found to be normal. Of the re-
maining, 84 were considered ‘low risk’, meaning that
their GALC enzyme activity was low, but apparently
functional. The remaining 30 had low enzyme levels
that were felt to put them at either moderate (n=19)
or high (n=11) risk for the disease. None of those at
moderate risk has shown any symptoms of Krabbe dis-
ease, but 13 of them have two GALC mutations.
Whether these children in the moderate-risk category
will develop a form of Krabbe disease later in life is un-
clear; certainly those with low GALC activity and two
GALC mutations are at risk, both biochemically and
genetically. Of the 11 infants found to be at high risk,
all have two GALC mutations, and their particular mu-
tations, enzyme activity, clinical evaluations and neuro-
diagnostic testing were reviewed to determine the
likelihood that they would develop the infantile form
of Krabbe disease. For seven of these ‘high-risk’ infants,
the likelihood of onset in infancy was not thought high
enough to recommend HSCT. None are known to have
developed any symptoms of Krabbe disease at this time.
The parents of the remaining four patients were encour-
aged to seek HSCT for their children. Of these four, the
parents of one refused treatment and the child has de-
veloped Krabbe disease; the treatment of one was done
after neurologic symptoms had developed, and the child
has severe neurological problems; one had the treatment
and is doing relatively well with motor delays; and one
died of complications from the treatment.

In 5 years of Krabbe disease newborn screening and a
cost of $3.5 million (Salveson, 2011: 98-102), the pro-
gram has identified, at best, four cases for which the
testing was designed. It has also created considerable
frustration and anxiety for the families of some 20
other infants, who are told that their children might
develop a devastating neurodegenerative illness, but
that there is no good way to predict if, much less
when, it would occur or how it might be avoided
(DeLuca et al., 2011; Salveson, 2011: 66—69, 75-82).
For these families, the state has screened for a late-onset
disease for which there is no pre-symptomatic treat-
ment, subjected their children to a multitude of tests,
created considerable anxiety and then told them that no

one knows what the results mean and that there was
nothing that could be done. Understandably, some par-
ents became angry with the whole process (Salveson,
2011: 66, 67, 83-90).

Confronting the future

The Krabbe program cannot, then, be considered a suc-
cess. At best, it has effectively treated one infant, but in
the process it has created considerable anxiety at a sub-
stantial cost to the state. We can respond to this situ-
ation in one of three ways.

First, we could abandon Krabbe newborn screening
altogether, arguing that the benefits for the very few
children who might be helped are outweighed by the
cost of the program and the unwarranted anxiety it cre-
ates. Part of the argument would be that the Krabbe
screening program was badly conceived in the first
place as it mandates universal screening when the dis-
ease is so poorly understood. And part of the argument
is that the money could be spent on other programs—
like increased pre-natal screenings—that would save
more lives (Baily and Murray, 2008). For just these rea-
sons, the US Advisory Committee on Heritable
Disorders in Newborns and Children has recently con-
firmed the conclusion of the ACMG report not to rec-
ommend Krabbe testing (Kemper et al., 2010).

Second, we could continue to screen for Krabbe dis-
ease on the theory that we should treat the few cases we
find and follow other at-risk children over time to
understand better the natural history of the late-onset
forms. Obviously, the case for this strategy would be
stronger if the treatment for Krabbe disease were less
risky and its benefits more clear. Nevertheless, we
might still justify the testing by arguing that the best
way—and perhaps the only way—to understand early
and late-onset Krabbe disease would be to follow the
patients at risk to discover which of them develops the
disease and how it progresses when they do.” Such
knowledge is crucial for our ability to develop treat-
ments, and it can only be found by identifying
pre-symptomatic patients with newborn screening.
But if a key goal of the newborn screening program is
to conduct research, then the State of New York appears
to be forcing every newborn to participate in a research
study without the consent of her parents. Even if no
newborn is enrolled in one of the follow-up studies
without the consent of her parents, the state has already
coerced families into becoming potential research sub-
jects, whether they want to be or not.



Finally, we could simply treat Krabbe testing as the
long-term research project that it is. Under this plan, we
would eliminate the mandate for Krabbe testing, so that
we would no longer use the power of the state to force
parents to test their children as the state does not have a
compelling interest to do so. Instead, the test would be
recommended to parents under a research protocol. In
doing so, we would be able to achieve two goals: first, we
could find and treat most cases of infantile Krabbe dis-
ease and thereby learn how to improve that treatment
and second, we could gain important information about
how late-onset forms develop in the hope that we can
develop treatments for it in the future. As with any re-
search program enrolling children, the state would need
to obtain the consent of the parents after providing
them with information about the disease, about the
treatments for the infantile form and about the research
program to follow all at-risk children. Then, at least,
parents would know what to expect if their child tests
positive, and they could decide if the program sounds
too burdensome. This approach, in fact, seems to be
favored by parents, who accept newborn screening
for diseases that have no treatment because they
want to prepare themselves, but who do not favor man-
datory screening for late-onset diseases (Hasegawa
et al., 2011).

Nevertheless, this proposal has at least two problems.
First, requiring consent implies that some parents will
not consent to the testing, and that raises the possibility
that a child with infantile Krabbe will be missed. Because
the treatment is burdensome, parents can reasonably
reject it, and if the parents would reject the treatment,
then the screening is pointless. Gaining the consent of
the parents, besides putting the research program on a
better ethical footing, has an important side benefit: it
would help to create an alliance between the researchers
and parents by involving the parents in the process from
the beginning, and it would thereby demonstrate respect
for their role in their children’s health. Such an alliance
may prove crucial in helping parents make decisions if
their children do develop Krabbe disease (Ross, 2010).*
The limited experience of parental consent for newborn
screening has shown that most parents will usually agree
to testing if given the choice (Faden et al., 1982; Botkin,
2009; Comeau and Levin, 2009), so we have reason to
think that few, if any, children with disease will be
missed.

The second problem is that requiring consent comes
with a cost. Getting meaningful consent takes time and
effort, and someone will have to pay for it. Past experi-
ence has had mixed results (Faden et al., 1982; Laing and
Maclntosh, 2004; Feuchtbaum et al., 2007; Miller et al.,
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2010; Ross, 2010: 304), so we cannot assume that
the costs of the consent process will be negligible. In
addition, as there will be some costs associated with
setting up a mechanism by which only some of the new-
born samples are tested for Krabbe, this proposal is
likely to increase the costs of the program. These costs,
of course, would be part of a research program, and we
would have to decide if this research program is the best
use of our limited research funds. So, even if this pro-
posal is the best option for dealing with the ethical
issues, it may still not win in a competition for research
funding.

If such a research program is worthwhile, it should
stand on its own merits, and it should not be conducted
by hijacking the newborn screening mandate. By gaining
the consent of the parents, the state can perform a valu-
able service by facilitating this research, but it should not
coercively recruit patients into it. Thus, while requiring
consent from the parents does not solve all of the ethical
issues with Krabbe newborn screening, we think it pre-
sents the best available approach.

Conclusions

As newborn screening continues to expand and ethical
and social conflicts arise (Kemper et al, 2010;
Timmermans and Buchbinder, 2010; DeLuca et al.,
2011), now is the time to think about how to strike
the balance between the ethical concerns. We think
that states should proceed cautiously, but that they
should be willing to be creative in managing potential
conflicts. We make the following recommendations: (i)
Mandatory newborn screening should be reserved for
diseases that require pre-symptomatic treatment, but
only if that treatment is well established and known to
have good results and (ii) voluntary screening for dis-
eases can be considered for other diseases, where we
have some reason to believe that we can develop better
therapies by learning more about the course of the dis-
ease. Voluntary screenings, of course, will always require
the informed consent of the parents. Such a cautious
approach may not be what some newborn screening
advocates desire, but it is the best way to minimize the
ethical harm that these programs can cause.
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Notes

1. The extent to which parents can opt out of newborn
screening varies from state to state in the USA and
from country to country, but even in those places
where parents may opt out, they are often unaware
that they may do so (Mandl et al., 2002: 272; Kim
et al., 2003: el22; Clayton, 2005; Detmar et al,
2007; DeLuca et al., 2011: 58; Nicholls, 2012).

2. A nice flowchart of this process can be found in
Kemper et al., 2010: 541.

3. One such study has already been funded by National
Institutes of Health to evaluate the progression of
brain changes using advanced imaging techniques to
develop better prognostic tools (Escolar, 2011).

4. For that reason, some ethicists think that all new-
born screening should require parental consent
(Ross, 2010).
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Dees and Kwon review the lessons learned since 2006
when New York State (NYS) adopted newborn screen-
ing for Krabbe disease as part of their mandatory new-
born screening (NBS) panel and conclude that ‘Krabbe
screening should only be continued as a research project
that includes the informed consent of parents to the
testing’ (Dees and Kwon, 2013).

Dees and Kwon are not the first to propose that
newborn screening expansions be developed as research
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protocols (Botkin, 2005; Natowicz, 2005; Ross and
Waggoner, 2012). Nevertheless, their review of the
NYS Krabbe pilot comes at a critical time as Illinois is
about to embark on NBS for Krabbe disease and six
other lysosomal storage disorders (LSDs), ‘when the
conditions set out in the statute have been met
(Hasbrouck, 2012: 1). The conditions include the estab-
lishment and verification of relevant and appropriate
performance specifications; the availability of quality
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