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Abstract

Introduction: Thispaper describesthedevelopment, current position and projected devel opment of massnewborn screeningin Singapore.
Methods: A search was conducted through the Medline and through the abstract books of conferences for papers on mass newborn
screening in Singapore. This was complemented with the author’s own records of the outcome of screening newborns at the National
University Hospital. Results: Cord blood screening for glucose-6-phosphate dehydrogenase (G6PD) deficiency began in 1965; through
patient isolation, prompt treatment of jaundice and parent education, kernicterus has been eliminated. Pilot screening for congenital
hypothyroidism began in 1981 and has become nationwide since 1990. Screening rates are almost 100% and with early treatment, mental
retardation has been eliminated in those affected. However, academic difficulties are present in about a third of patients. Screening for
hearing impairment now covers 80% of newborns. Theincidence of significant impairmentis1in 1000 birthsand interventions have been
in place before a year of age. Two strategies — measuring automated auditory brainstem responses (AABR) and otoacoustic emissions
supplementedwith AABR—arebeing evaluated. Conclusions: Theprogrammerequiresrefining of screening strategies, creation of acentral
registry of cases, provision of educational support and expansion to include screening with tandem mass spectrometry for multipleinborn

errors of metabolism.
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I ntroduction

Mass newborn screening is an essential preventative
public health programme which aims to diagnose, in the
presymptomatic phase, diseasesthat have abetter outcome
with early intervention. The development in 1960 by the
late Dr Robert Guthrie of a simple test, the GuthrieTest,
that enabled the detection of phenylketonuria (PKU) on
blood spotsonfilter paper paved theway for massnewborn
screening to begin in the United States.! About a decade
later, the ability with radioimmunoassay to determine
thyroxine (T4) levels on afilter paper blood spot enabled
newborn screening for congenital hypothyroidismto start.2
Diseases screened for need to be well defined, occur with
sufficient frequency and have aknown natural history. The
screening test should be able to discriminate between
affected and unaffected individuals and the chance that
those who have a positive result are affected should be
known. In addition, the financial benefits to society, the
facilities available to manage the patient identified by
screening and the ethical issuesthat will arisewill al need
tobeconsidered beforeadecisionto screenisimplemented.

These principleswerefirst proposed by Wilson and Jugner
in 1968.2 They have been dealt with in detail by Wald in
1984.*

Technological developments have enabled more
chemicals to be measured on blood spots. The parallel
devel opment of automated specimen handlinginstruments,
spectrophotometers, enzyme immunoassays and high
pressureliquid chromatography enabledanarray of diseases
to be detected through screening. These include
galactosemia, maple syrup urine disease, homocystinuria,
sickle cell disease, glucose-6-phosphate dehydrogenase
(G6PD) deficiency, cystic fibrosis, congenital adrenal
hyperplasiaand neuroblastoma. More recently, the advent
of gas chromatography and tandem mass spectrometry
have enabled the screening of a host of inborn errors of
metabolism including medium-chain acyl-coenzymeA
dehydrogenase deficiency (MCAD) and other fatty acid
oxidationdefects.>Withthefirm establishment of screening,
the need for integration of screening programs into the
basic health care delivery system and the requirementsfor
proper follow-up of children, diagnosis, management and
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evaluation has been recognised. These were the subjects
examined by the US Newborn Screening Task Force, 1999
andtheCouncil of Regional Networksfor Genetic Services,
2000.87 Inthis paper, the devel opment and current position
of mass newborn screening in Singaporewill be described.
This will be followed by a projection of the manner in
which screening needs to or is likely to develop, in the
immediate future.

Position of Screening

In Singapore, mass newborn screening started at about
the same time as in the United States, but for a different
disease, namely G6PD deficiency. Neonates were
presenting frequently with severe haemolytic jaundice and
anaemia but without blood group incompatibility. Over a
10- month period starting in March 1955, 96 infants were
admitted with very severehyperbilirubinaemia(>20 mg/dL).
Only twowereduetoiso-immunisation. Twenty-six (27%)
of them were kernicteric and in addition, did not show
evidence of iso-immunisation. Death occurred in 81% of
the babies who had become kernicteric. As they were al
mature infants, it was postulated that their
hyperbilirubinaemia could have been due to the
physiological haemolysis of red cells that occur in the
newborn period aggravated by aninefficient liver secondary
to protein malnutrition in the mother and precipitated by
neonatal sepsis.® Exchange transfusionswere frequent and
though able to control the rise in serum bilirubin in the
majority of babies, the final outcome of death and or
kernicterusinalargenumber of caseswasof much concern.
Further studieswere carried out in the 237 cases admitted
in 1960 and 1961 with bilirubin values exceeding 20 mg/
dL. Kernicteruswaspresentin 87 (37%). G6PD deficiency
was identified in 44% of the kernicteric patients, whereas
blood group incompatibility was the cause in only 13%.°

Theeasewithwhichthedeficiency statecould bedetected
and kernicterus prevented by the avoidance of triggersled
totheestablishment in 1965 of massnewborn screening for
G6PD deficiency in Singapore by Wong.1*!* The primary
objective since then of our mass newborn screening
programme has been to prevent mental retardation arising
fromtreatableconditionsthat can beidentified by screening.
Factorsthat havemarkedly influenced our screening strategy
are: the amost universality of births in hospitals and
secondly, the very short stay in hospital after delivery.
Almost 30% and 60% of babies leave hospital within 24
hours and 48 hours of birth.

G6PD Deficiency

The strategy is to measure G6PD activity in cord blood
using rapid, quantitative or semi quantitative techniques.*?
Babiesidentified areprotected from haemolysisby keeping
them in hospital. Initialy it used to be for 3 weeks. The
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parents were, in addition, counselled and educated on the
nature of the disease, its hereditability and the common
triggers, namely naphthalene balls, Fava beans and herbal
tonicstakeninthepuerperium. Sincethen, wehavescreened
practicaly al 1.7 million of the babies born. G6PD
deficiency was found in about 1.62% of al newborns,
3.15% of males and 0.11% of females. A distinct racia
variation was observed in the males: Chinese, 3.94%;
Malays, 2.95% and Indians 0.66%.34

The molecular abnormality in our babies with G6PD
deficiency hasbeen studied.® Heretoo, aracial variationis
present. Among the Chinese the common variants are
Canton (nt 1376 G—T), 24%,; Kaiping (nt 1388 G—A),
21%; and Mediterranean, (nt 563 C—T) 10%. Two other
mutants, Gaozhou (nt 95 A—G) and Chinese 5 (nt 1024
C—T) were identified, but in low frequencies. Among
Malays, 6 different variants were identified, 3 not
categorised previously and the others being the variants
known commonly as Mahidol, Indonesian and
Mediterranean. Studies done in Singapore in a cohort of
220 Chinese G6PD deficient babiesrevealed that they had
bilirubinvaluesonthefirst day of lifethat weresignificantly
higher, 121.4 ymol/L (SE 3.4) thanthat inamatched cohort
of non-G6PD deficient babies, 2.8 pmol/L (SE 1.7). In
addition, thebilirubinlevelsinthemremained significantly
higher over the first 5 days of life.* Hyperbilirubinaemia
(>256 pmol/L) developed in 22% of them in contrast to
10% in non-G6PD deficient babies. This difference was
significant. None of the babies, however, developed
hyperbilirubinaemiaafter thefirst week of life. Kaplan has
shown that timed, predischarge serum hilirubin screening
canbeusedtoidentify affected neonatesat |ow, intermediate
or high risk of developing hyperbilirubinaemia.!” This
offers the possibility of a selective approach to their
discharge and follow-up surveillance.

Asaresult of preventive measures and parent education,
the incidence of kernicterus dropped dramatically and
there has been over the last 25 years, no reported cases of
kernicterus secondary to G6PD deficiency.*With greater
awareness of the disease among the population, the risk of
acute haemolysis in the neonatal period has reduced and
the period of hospitalisation has been reduced in stagesto
2 weeks and now 1 week. This reduction supported by the
findings from Singaporethat in G6PD newborns, bilirubin
values are significantly higher only in the first 5 days of
lifet® and that in about 40% significant hyperbilirubinaemia
doesnot develop.t® Another local study which hasjust been
just published has shown that G6PD deficient babies
without significant jaundicein thefirst week of life are not
at increase risk of its development in the second week of
life The negative predictive value was 100% (95% C.1.,
86.7%-100%).%°
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Hospitalisations later in infancy or childhood for acute
haemolysisarealso very rarenow. Thereisno report of the
screening missing an affected child.

Congenital Hypothyroidism

Screening for congenital hypothyroidism startedin 1980
asapilot study using the primary T4, supplemental thyroid
stimulating hormone (TSH) approach on the cord serum.?
From 1985, it was part of the basic service to newborns at
theNational University Hospital andaT4 and TSH strategy
wasadoptedto determinetherel ativemeritsof thefol lowing
recal criteria: 1) TSH >25 mIU/L (97" centile); 11) T4 <90
nmol/L (10" centile) withaTSH >16.5mlIU/L (90" centile);
and I1l) T4<64 nmol/L (-2SD). In the 11,789 babies
screened over the next 4 years, 3 babies with congenital
hypothyroidism were detected. The recall criterial, Il and
Il identified al, one and none of the hypothyroids,
respectively. All cases had TSH values of >50 mIU/L.2

Between 1985 and 1990, cord blood screening for
congenital hypothyroidism began to be part of the service
in some private hospitals. The coverage was, however, not
universal andthestrategiesvaried. In 1990, the Ministry of
Health funded a 1-year study to further evaluate screening
strategies. Thisinvolved extending the screening to babies
born at the Singapore General Hospital and the Kandang
Kerbau Maternity Hospitals. The T4 and TSH strategy was
again used. Congenital hypothyroidism was identified in
10 casesout of the 20,072 that were screened.2 The highest
T4 in the screening specimen of any of the cases was 112
nmol/L (about 0.5 SD below the mean) and thelowest TSH
was40 mIU/L (>99" centile). None of thosewith alow T4
(-2SD) and TSH below <14 (90" centile) proved onfollow-
up to have hypothyroidism. The results strengthened our
earlier finding of the poor sensitivity and specificity of a
low T4 in the cord serum for identifying congenital
hypothyroidism.

The beneficia effects revealed by the study led to
screening for congenital hypothyroidism in the newborn
period to be considered aspart of basic health serviceinthe
country. Thus, nationwide screening was established in
1990 using the primary TSH strategy. We continue to use
third generation semi-automated non-radioisotopic assay
characterised by a high sensitivity, low interference rates
and a short turn-around times. Thus the result of the
screening is almost always known before the initial
discharge (24 to 48 hours of age). Our experience has
shown that hypothyroids have, by day 3 to 4, TSH values
that are clearly different (higher) from that of normals. In
aseries of 130 healthy term infants we measured between
72 and 120 hoursof age, thefT4 and TSH levels. Themean
(1SD) wasfound to be 35.8 (11) pmol/L for fT4. For TSH,
the 97" percentilevaluewas 30 mlU/L of serum. Inanother
analysisof TSH level sobtained from 65,761 babiesscreened

between days 2 and 3, only 0.2% had val ues that exceeded
15 mIU/L of blood (30 mIU/L of serum).

Hence, babies with TSH values greater than 25 miU/L
(97" centile) inthescreening specimenarerecalled between
day 3to 4 for evaluation and diagnostic tests. Thisenables
treatment in affected babiesto beinitiated by theend of the
first week of life.

Our screening rates are over 99.9% and recall rates just
over 1%. The incidence of congenital hypothyroidism is
about 1 in 3000 and two-thirds of the cases are due to
dysgenesis. These prevalence rates are similar to those
obtained by other screening programs that use a similar
primary TSH strategy.®?® Programmes that adopt the
primary T4, supplemental TSH strategy report slightly
lower prevalence rate of about 1 in 3500 to 1in 4000 live
births. Recall rates are determined by cut off values. With
acut off set at 40 mlU/L for cord serum, recall rates of less
than 0.5% can be expected.

Almost al proven cases had cord TSH values that were
clearly high (>40 mIU/L). The mgjority required only one
visitfor thediagnosisto beestablished. A preliminary audit
of screening at National University Hospital revealed 212
babies (1.56%) with a cord TSH >25 mIU/L in 13,584
babieswho were screened at National University Hospital
between June 1994 and December 1998. Statistical
evaluation of these results revealed a positive predictive
value (PPV) of 0.04 (9/212). The likelihood ratio was 67
(13575/203). Assuming apre-test probability of 1in 3000,
the post-test probability was 1 in 46 {67/(2999 + 67)}
(Joseph R, unpublished observation). We have studied
methods to lower the recall rate. One is to measure a
supplemental free thyroxine (FT4) concentrations in the
screening specimen of babies with a high cord TSH and
recall only if the FT4 level isbelow 1 SD above the mean.
This was shown to reduce the recall rates to about 0.7%
with increase in the PPV but no loss of sensitivity.?® The
numbersinthisstudy aresmall and need to beverified with
alarger cohort of babies with elevated cord TSH levels.

Theb5 casesthat wereidentified inthepil ot study 20 years
ago have al completed the regular 12 years of formal
schooling, are now working or undergoing post-secondary
education and remain physically and emotionally healthy.
Among the cohort of 10 babies that were diagnosed in
National University Hospital from 1985 and who are in
school now, only 1 isin the monolingual stream. Another
2 are experiencing difficulties in meeting academic
reguirements.

Hearing | mpair ment

At the National University Hospital, we have been
screening newborns for hearing impairment from 1995,
using initially the distraction method and from 1999, the
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transient evoked otoacoustic emissions (TEOAE). The
screening is conducted at the bedside, usually on the first
day of life and normal response is assigned when the
TEOAEsmeet predeterminedcriteria. Babieswith TEOAES
that do not meet predetermined criteria are rescreened
using the same technique about 2 weeks later and once
more at 6 weeks. Those failing at 6 weeks are considered
to be tested positive on screening and referred to the
Otolaryngology Department for formal diagnostic tests.
Our screening rates haverisen from an initial 97% to 99%
currently and normal screening results are obtained in
95%. A 1in 1036 incidence of severe hearing impairment
was found in our newborn population of 6219 that were
screened.* Inall but 1 thediagnosiswas madeby 7 months
of age and interventions set in place within 2 months of
diagnosis. A specificity of 95% and PPV of 29% were
obtained. A similar strategy was used at the Singapore
General Hospital from 1998.3* Similar outcomes were
obtained in the 4000 babies screened. The OAE screening
issimpleand cheap but hasahigh fal se positiverate (about
15% at thefirst screen on day 1 and then reducing by about
50 % with each retest). In contrast, screening using the
automated auditory brainstemresponses(AABR) technique
is associated with a much lower false positive rate (about
5% onday1 and reducing to about 1% by the 2™ retest). The
instrument and the consumables are, however, are about 6
to 10 times the costs of the OAE screener and its
consumabl es, respectively. Inaddition, thetest takeslonger
to complete and the screener needsto be moreexperienced.
An OAE with asupplemental AABR strategy may help to
garner the benefits of both tools.

We have, since 2002, complemented the TEOAE screen
with an early, automated auditory brainstem response
(AABR) evaluation. This hasreduced our referral rate for
diagnostic evaluation to less than 1%. The outcome of the
pilot programmes at National University Hospital and
Singapore General Hospital hasresultedintheinitiationin
2002 of a pilot national study of screening for hearing
impairment at the National University Hospital, Singapore
General Hospital and the KK Women's and Children’'s
Hospital. Thisstudy issupported by acentral database that
tracks every baby that has been screened, through recall,
diagnosisand intervention, measuring outcomes at each of
the stages.

Phenylketonuria (PKU)

Screening for PKU requires that the baby needs to have
been sufficiently challenged with proteins. The standard
phenylalanineassay isabletoreliably discriminatebetween
affected and heal thy newbornsonly by about 72t0 96 hours
of age. We have thus not initiated mass screening of
newborns for PKU because the majority of the newborns
go home within 48 hours of birth. Our screening for PKU
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has been confined to babies of parents coming from
countries where the disorder is screened for.

Organisation of Screening

Massnewborn screening in Singapore hascertain unique
features. The screenings have aways been physician-
initiated, physician-driven and hospital-based. Thereisno
central screening laboratory and personnel have not been
specifically hired to administer or manage the screening
programme. Thenational policy isthat screening for G6PD
deficiency and congenital hypothyroidism will be
considered as part of basic health care. However, the State
doesnot, through legislation, mandate screening. The State
meetsamajor proportion of the screening chargesincurred
by a subsidised patient. The primary role of the State was
and continuesto bethe encouragement of theestablishment
of effective and efficient screening programmes. This is
mainly through the provision of research grantsat the stage
when screening for aparticul ar diseaseisbeing considered.
The charge for screening varies slightly between the
hospitals.

Projections for Screening

Our experience with screening has helped us identify
certainprinciples. Theseincludeaiming for 100% coverage,
ensuring affordability of the screening, the benefit of using
sensitive and rapid assays, daily receipt of the screening
results, initiation of therecall processbeforedischarge, and
personalised and customised counselling for parents of
babies who tested positive.

For G6PD deficiency, studies are underway to ascertain
the risks if any of an earlier discharge (<1 week) from
hospital.

In the case of newborn screening for congenital
hypothyroidism, we are exploring thelikelihood of further
reductioninrecall ratesby performing asecond TSH assay
in babies with a cord TSH >25 mIU/L at about 24 to 48
hours of age (i.e. just before hospital discharge). We were
able to obtain an early sample (<48 hours and before
hospital discharge) in 45 of the 66 that met recall criteria
over a 17-month period of screening 4706 babies. In 39
babies, the TSH had already fallen to below 20 mIU/L (90
centile) and did not warrant further evaluation. Thus, only
6 babies needed a formal recall. The effective recall rate
was 0.2%, a more than 80% reduction from the original
1.5% recall rate.*> We have continued with the use of a 2-
stage screening, and recall rates have remained low. It is
envisaged that with increasing numbers screened in this
manner formal statistical analysiswill provethe benefitsof
this strategy and facilitate a refinement in our national
screening strategy for congenital hypothyroidism.

One often stated weakness of a primary TSH screening
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strategy for congenital hypothyroidism is the inability to
identify newborns with secondary or primary
hypothyroidism manifesting with only alow T4vaue. A
number of programmes have reported on the nature and
frequency of this situation. From the United States, the
North West Regional Newborn Screening Programme,
which uses aprimary T4 and supplemental TSH strategy,
reported an incidence of such abnormalitiesin lessthan 1
in 50,000 of the approximately 1.74 million babies they
screened over a20-year period.® The French audit of their
primary TSH screening strategy revealed an incidence of
1in 299,736 of hypothyroids with delayed rise in TSH
levels.3* More recently, researchers from Ontario used a
receiver operating characteristic (ROC) plot to evaluatethe
diagnostic accuracy of a primary TSH screening strategy
and the primary T, and supplemental TSH strategy. The
ROC areas of the respective strategies were 0.9841 and
0.9557, respectively.® Nine out of 117 cases would have
been misclassified asnormal by the T4/TSH strategy while
theTSH strategy correctly classifiedall 9asbeing abnormal.
Thus, the evidence for the superiority of the TSH strategy
is very strong. Detecting the odd case of secondary
hypothyroidism or primary hypothyroidism with a
“delayed” TSH rise through the introduction of a parallel
T4 screen will not only double the cost but also require
follow-up of avery largenumber of patients, resultinginan
increasein the number of parentswho have been disturbed
by the knowledge of apositive screening test, a substantial
increasein the burden of those managing thefollow-up and
even reducing the credibility of the programme. As
establishing adiagnosis of hypothyroidism in the absence
of anabnormal TSH isvery difficult and tedious, theremay
even be atendency for an expedient diagnosis to be made
andtreatmentinappropriately and unnecessarily introduced.
The best way to deal with this group may be to accept that
screening can never pick up every case and by having a
high index of suspicion when symptoms are present.

The long-term outcome of hypothyroids detected by
newborn screening, who in addition had an early onset (<3
months of age) of treatment, isfar superior than that of the
patient treated later. They function well within the normal
range. Nevertheless, even in patients with early onset of
treatment, abilities and academic performance are below
that of age-matched controlsor siblings.® They thusrequire
surveillanceand special attentionduring their school years.

We need to establish a central registry to enhance the
gathering of comprehensive epidemiologic data that will
help in understanding the aetiology, diagnostic features
and outcome of patients identified by screening. This, in
turn, will help to refine screening strategy, recall criteria
and goals of therapy.

In the area of newborn hearing screening, we anticipate
that by 2004, al newbornsin Singaporewill have accessto

hearing screening. Thetask isto ensure that the screening
programmes at the different hospitals achieve the quality
indicators of screening rates of >95%, diagnostic referral
ratesof <4%, diagnosisby 3monthsof ageandinterventions
within 6 months of age as recommended by the Joint
Committee on Infant Hearing (United States).s”

Inasociety withanormof only 1to 2 children per family,
thevalueof ascreeningfor otherinbornerrorsof metabolism
risestremendously. Wehaveobserved that informed parents
are willing to pay for efficient and effective screening
services. The inborn errors of metabolism, though rare
individualy, are quite common when seen as a single
group. The South Australian Neonatal Screening Centre
hasrecently reported a1 in 3862 (95% C.I., 3312 to 4450)
incidence rate of inborn errors in a population of 54,079
newborn screening specimens.® All these illnesses are
characterised by the likelihood of creating mental
retardation, being detectable before the onset of damage by
neonatal screening and the retardation being preventable
by dietary modification.

As such, mass newborn screening for inborn errors of
metabolism should be readily accepted and eagerly
requested for by parents. Paediatricians are thus obliged to
makethisserviceavailable. Screening for asingledisorder,
such as PKU, may not be the best strategy, now that with
tandem mass spectrometry, many metabolic disorders can
be screened from asingle spot of blood and at minimal cost
increments.* The sensitivity of the measurementsare such
that babieswith most metabolic orders can be picked up as
early as24to48 hoursof birth. It used to betaught that PKU
is rare in the Chinese when compared to the Caucasian
incidence of 1 in 16,000. Screening results from China
have shown that thisisnot true (1:14,767 out of ascreened
population of 1.1 million) and thediseaseisjust ascommon
in the Chinese.* Thus, the setting up in Singapore of a
screening service for inborn errors using tandem mass
spectrometry will be the next step in the expansion of
newborn screening. Thiswill require investment in state-
of-the-art equipment, appointing dedicated technologists,
developing accesstoreferencelaboratoriesfor confirmation
of diagnosisand training cliniciansfor the comprehensive
management of the affected child and its family. Our
current cord screening programme for G6PD deficiency
and congenital hypothyroidism will also need to be
integrated into a day-2 screening. Since our annual births
would use up only about 50% of the capacity of such a
screening tool, we will be able to offer the services to
patients in the region.

Amidst the burden of meeting basic hedth care of
Singaporean children, thetimehascomefor advancesto be
made. Expanded mass newborn screening and
comprehensive treatment and follow-up of cases will be
one of the fronts of the advance.
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