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Abstract
Objective To estimate the prevalence of the Inborn Errors
of Metabolism (IEM), evaluate biomarker distributions and
determine benefits of screening for the inborn errors of
metabolism in Andhra Pradesh, India, using Tandem Mass
Spectrometry (MS/MS).
Methods The 4,946 newborns born during the period
2006–2008 in four major Government Maternity Hospitals
in a rural district in Andhra Pradesh, India, were screened at
an established newborn screening laboratory in the US
using their previously established norms.
Results Forty-seven neonates had out-of-range results (5
high probability; 28 low probability; 14 indeterminate).
Two infants with disorders (carnitine uptake disorder and
isovaleric aciduria) identified by screening are currently
doing well. One infant with presumed glutaric aciduria type
II, was deceased at the time of reporting. Another infant,
with glutaric aciduria type I, became symptomatic and died
at the age of 1 year despite early detection and treatment. A
comparison of the concentrations of biomarkers among
babies born in India and those born in Massachusetts, US,
was also undertaken and significant differences were noted.

Conclusions A high prevalence of disorders was observed,
but to estimate the true extent of the IEM in India larger
studies are required. This study also illustrates challenges
encountered in disease management highlighting the im-
portance of considering the access to confirmatory testing
and continuing clinical care before implementing any large-
scale NBS for conditions with resource-intensive health
needs such as the IEM detected by MS/MS.
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Introduction

Newborn screening provides an opportunity for identi-
fication of, and consequently early intervention in, pre-
symptomatic infants with serious inborn disorders to
prevent or mitigate adverse outcomes associated with
these conditions. Screening is accomplished, primarily,
by analysis of biomarkers in a micro-sample of blood
collected from newborns using a spectrum of analytic
methodologies. Currently, it is feasible to screen for
more than sixty conditions in various categories
(Endocrine, Inborn Errors of Metabolism, Hemoglobin-
opathies, Infectious and Immunological) and this num-
ber is only expected to increase over time with
advancements in technology [1, 2]. The panel of
disorders screened for, and the cohort of newborns
screened, varies substantially in the different parts of the
world [3]. In many nations newborn screening is
performed as standard practice on all babies born, while
in others newborn screening is not feasible, or is available
to only a subset of neonates.

I. Sahai (*) : T. Zytkowicz :R. B. Eaton
New England Newborn Screening Program,
University of Massachusetts Medical School,
305 South Street, Jamaica Plain,
Boston, MA 02130, USA
e-mail: Inderneel.sahai@umassmed.edu

S. Rao Kotthuri :A. Lakshmi Kotthuri
Konaseema Specialities,
Amalapuram, E.G District, Andhra Pradesh, India

R. R. D. Akella
Centre for DNA Finger Printing and Diagnostics,
Hyderabad, India

Indian J Pediatr (August 2011) 78(8):953–960
DOI 10.1007/s12098-011-0398-9



Although efforts are underway to implement universal
newborn screening, for at least a few common disorders, at
present newborn screening is not performed on all
newborns in India [4, 5]. Previous pilot studies conducted
in India have shown a high prevalence of treatable disorders
[6]. Chromatographic (TLC and HPLC), electrophoretic
(cellulose acetate and agarose) and ELISA based assays
were employed in the screening process and thus the
metabolic disorders detected were limited. One of the more
recent technologies introduced into newborn screening is
tandem mass spectrometry (MS/MS). MS/MS allows
simultaneous, rapid and accurate detection of multiple
amino acids and acylcarnitines, and hence has expanded
the spectrum of metabolic disorders identifiable by screen-
ing [7–10]. The authors report their experience of the first
pilot study conducted in India to screen for inborn errors of
metabolism using this methodology.

Material and Methods

Cohort

The 4,946 newborns born during the period 2006–2008 in
four major Government Maternity Hospitals in a rural
district in Andhra Pradesh, India, were screened. Heel prick
capillary blood collected on S&S 903 filter paper was
transported to the New England Newborn Screening
Program (NENSP) via courier. The screening laboratory
checked the appropriateness of samples for analysis.
Unsatisfactory specimens were rejected and re-sampling
was done for those rejected. The majority of technically
satisfactory samples (60%) were obtained between day of
life (DOL) 1–3 and while the newborns were still in the
hospital. The remaining specimens (40%) were collected
when the neonates presented to the hospital clinic for a
routine check. Consent for inclusion in the study was
obtained in accordance with the guidelines provided by the
Indian council of Medical Research.

Analysis

The laboratory procedures, as previously reported [11],
involved extraction of biomarkers from the dried blood spots
into a methanol solution with stable isotope-labeled internal
standards, and derivatization for analysis by MS/MS. Table 1
shows the disorders screened for and the primary markers
measured for screening. The laboratory’s previously estab-
lished cutoffs, based on expected ranges in babies born in
New England, were utilized and no separate cut-offs were
established for specimens from babies in India. Specimens
with biomarker values that were above New England
Newborn Screening Program (NENSP) cut-offs were retested.

Reporting and Follow-Up of Out-of-range Results

All out-of-range results were sorted into one of the three
distinct categories: “Indeterminate”, “Low Probability” and
“High Probability” as per protocols in use by NENSP [Sahai I,
Eaton RB. Customized “FACT SHEETS”: Category-Based
Information Provided When Reporting “Positive” Results.
Poster. 2008 Newborn Screening and Genetic Testing
Symposium, San Antonio, TX. 3–6 November 2008].

The criteria for assigning “positive” results into one of
these categories were developed after a retrospective
analysis of archived results from babies screened by
NENSP. The biochemical parameters used in defining the
criteria include both magnitude of the deviation of the
primary marker from the population mean and the
biochemical profiles. To quantify biochemical profiles,
NENSP uses “Discriminator Indices” that essentially are
mathematical combinations of several characteristic analy-
tes [Sahai I, Zytkovicz T, Grady T, et al. Improving
Interpretation of “Positive” Newborn Screening Results: A
metabolomic approach for analysis of MS/MS data in
developing “Predictive Indices”. Poster 2007 Newborn
Screening and Genetic Testing Symposium, Minneapolis,
MN. 7–10 May 2007].

Results were communicated to the Principal Investigator
(PI) in India along with the subcategory-based recommenda-
tions. For High Probability results, an expedient evaluation
and confirmatory work-up was recommended.

For the “Low Probability” results, additional interven-
tion was suggested, but it varied based on the analyte
involved. For markers whose deviations were likely to
increase in affected neonates, but are associated with
disorders that could present critically within days of birth
(e.g. Cit & ASA), an immediate clinical evaluation and
some testing (e.g. ammonia) was recommended by the PI.
However confirmatory testing was recommended only if a
repeat specimen also tested abnormal. For markers that may
decrease over time even among affected neonates (e.g. C8,
C5-DC & C14: 1), confirmatory testing was recommended
in addition to a repeat screen.

For “Indeterminate” results, a repeat filter paper screen was
requested and confirmatory tests suggested only if the repeat
specimen also tested abnormal. Evaluation and confirmatory
testing was performed at the metabolic clinic in the DNA
Diagnostic and Fingerprinting Laboratory in Hyderabad.

Results

Demographic Data

Of the 4,946 initial specimens received, 4,870 specimens
(Males 2,620; Females 2,238; No gender data on 12) were
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Table 1 Primary markers analysed using tandem mass spectrometry during the study period, and the disorders screened for by these markers

Primary marker/sa Disorder (Acronyn; OMIM catalogue number)

Acylcarnitines

Free Carnitine (C0) Carnitine palmitoyltransferase deficiency, type-IA (CPT-I A; 255120)

Free Carnitine (C0)- Low Carnitine uptake disorder (CUD; 212140)

Propionylcarnitine (C3) Propionic acidemia (PA; 606054)

Methylmalonic aciduria, MUT type (MMA-MUT; 251000)

Methylmalonic aciduria, cbl A type (Cbl A; 251100)

Methylmalonic aciduria, cbl B type (Cbl B; 251110)

Methylmalonic aciduria and Homocystinuria, cbl C type (Cbl C; 277400)

Methylmalonic aciduria and Homocystinuria, cbl D type (Cbl D; 277410)

Multiple carboxylase deficiency (MCD; 253270)

Malonylcarnitine (C3DC) Malonyl-CoA decarboxylase deficiency (MAL;248360)

Butyrylcarnitine (C4) Short-chain acyl-CoA dehydrogenase deficiency (SCAD; 201470)

Isobutyryl-CoA dehydrogenase deficiency (IBG; 611283)

Ethylmalonic encephalopathy (EE; 602473)

Hydroxybutyrylcarnitine (C4OH) 3-@Hydroxyacyl-CoA dehydrogenase deficiency (HAD; 231530)

Tiglylcarnitine (C5:1) Beta-ketothiolase deficiency ( BKT; 203750)

Isovalerylcarnitine (C5) Isovaleric acidemia (IVA; 243500)

2-Methylbutyryl-CoA dehydrogenase deficiency (2MBG; 610006)

Hydroxyvalerylcarnitine (C5OH) 3-Methylcrotonyl-CoA carboxylase deficiency (3MCC; 210200, 210210)

3-Methylglutaconic aciduria (3MGA; 250950 )

2-Methyl-3-hydroxybutyryl-CoA dehydrogenase deficiency (2M3HBA; 300438)

Glutarylcarnitine (C5-DC) Glutaric aciduria, type I (GA-I; 231670)

3-Methylglutarylcarnitine (C6-DC) HMG-CoA lyase deficiency (HMG; 246450)

Octanoylcarnitine (C8) Medium-chain acyl-CoA dehydrogenase deficiency (MCAD; 201450)

Decadienoylcarnitine (C10:2) 2,4-Dienoyl-CoA reductase deficiency (DE-RED; 222745)

Tetradecadienoylcarnitine (C14:2) &/or Very long-chain acyl-CoA dehydrogenase deficiency (VLCAD; 201475)

Tetradeceneoylcarnitine (C14:1)

Hydroxypalmitoylcarnitine (C16) &/or Long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency (LCHAD; 609016)

Hydroxyoleoylcarnitine (C18:1OH) Trifunctional protein deficiency (TFP; 609015)

Palmitoylcarnitine (C16 ) &/or Carnitine palmitoyltransferase deficiency (CPT-II; 608836 & 600649 )

Oleoylcarnitine (C18:1) Carnitine-acylcarnitine translocase Deficiency (CACT; 212138)

Elevation of Multiple Acylcarnitines (C4; C5-DC; C8) Glutaric Aciduria, type II (GA-II; 231680)

Amino acids

Arginine (Arg) Argininemia (ARG; 207800)

Argininosuccinic acid (ASA) Argininosuccinic aciduria ( ASA; 207900)

Citrulline (Cit) Citrullinemia, type I (CTLN-I; 215700)

Citrullinemia, type II (CTLN-II; 605814)

Citrulline (Cit) -Low Ornithine transcarbamylase deficiency (OTC; 311250)

Carbamoylphosphate synthetase deficiency (CPS; 237300)

N-acetylglutamate synthase deficiency (NAGS; 237310)

Leucine (Leu) &/or Maple syrup urine disease ( MSUD; 248600)

Valine (Val)

Methionine (Met) Homocystinuria (HCY; 236200)

Hypermethioninemia (MET; 250850)

Ornithine (Orn) Hyperornithinemia—Hyperammonemia—Homocitrullinuria Syndrome (HHH;
238970)

Phenylalanine (Phe) Phenylketonuria (PKU; 261600)

Benign hyperphenylalaninemia (H-PHE; 261600)

Biopterin Defects (BIOPT-BS; BIOPT REG)
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technically satisfactory for testing. The distribution of age
when specimens were collected is shown in Fig. 1;
approximately 60% of the samples were collected within
24–72 h of birth. In contrast, of the 134,539 initial
technically satisfactory specimens received from babies
born in Massachusetts (MA) in the same period, 94% were
collected within 24–72 h of birth. Also notable in this study
was that only 2% of specimens from India were from
babies weighing less than 1.5 kg or in the NICU. In
comparison 7% of babies born in MA weighed less than
1.5 kg or were in the NICU when the initial specimen was
collected.

Distribution of Markers

Table 2 shows the means, median, 1st and 99th percentile of
the distribution of the primary biomarkers analysed by MS/
MS in neonates born in India. Also shown for comparison
are the parameters of the same biomarkers in the babies
born in MA. In view of the significant differences in the
age at specimen collection and in the number of VLBW/
NICU babies in the two populations, only specimens
collected between 24–72 h from non-NICU babies weigh-
ing more than 1.5 kg were included for the comparison.
Comparison was also restricted to specimens tested on the
same tandem mass spectrometer (n=29,413 from MA and
n=2,852 from India). Comparison of the concentrations of
biomarkers in the two populations using T-test analysis was
performed and p-values are shown in the last column.

Statistically significant differences were noted in the
concentrations of most biomarkers, with the amino acids
(except Leucine) and acylcarnitines (except free carnitine,
C16 and C18:1) being higher in the babies born in
Massachusetts as compared to babies born in India.

Out-of range Results

Of the 4,896 babies whose screening specimen was
collected within 30 days of life, 47 had out-of-range results
based on previously established NENSP cutoffs. The
marker abnormality, category breakdown and final out-
comes are shown in Table 3.

Confirmatory Testing

Plasma amino acids and urinary organic acid analyses were
performed on neonates with out-of-range markers, where
required, at the metabolic clinic of the DNA Diagnostic and
Fingerprinting Center, Hyderabad. However, in view of the
difficulty and expense involved in getting certain confir-
matory studies such as plasma acylcarnitine analysis on
babies included in the study, these studies were not
performed. Instead, the authors relied on acylcarnitines
measured on repeat dried blood spots for decision making
and monitoring. In most cases molecular analyses were not
undertaken.

Clinical History and Outcomes of Cases

Case I-Carnitine Uptake Deficiency (CUD) This male baby
was the first-born child of a consanguineous marriage
(parents were first cousins). He was noted to have low free
carnitine (C0), and other markers in a profile consistent
with CUD on newborn screening. At his initial clinical
evaluation on DOL 8, he was clinically asymptomatic and
his EKG was normal. Repeat testing revealed persistence of
low free carnitine and he was started on oral carnitine
100 mg/kg body weight. At 6-months of age, carnitine
supplementation was discontinued, but this resulted in a
drop in his free carnitine to significantly low levels
(3.6 μM). Carnitine supplementation was restarted, and
carnitine level has remained in the normal range since. He
is being followed periodically and at his last evaluation the

Table 1 (continued)

Primary marker/sa Disorder (Acronyn; OMIM catalogue number)

Tyrosine (Tyr) Tyrosinemia, type I (276700; TYRI)

Tyrosinemia, type II (276600; TYR II)

Tyrosinemia, type III (276710; TYR III)

a Unless noted otherwise, high primary marker concentrations constitute a positive screen

0%

10%

20%

30%

40%

50%

60%

70%

DOL < 1 DOL 1-3 DOL 3-7 DOL 7-30 DOL > 30 No Data

* DOL: Day of life

Fig. 1 Age at specimen collection
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developmental milestones were normal and an EKG was
normal. A second child was born to his parents last year,
and does not appear to be affected based on a normal
newborn screen.

Case II- Glutaric Aciduria Type II (GA-II) This female
child was born to a consanguineous couple (parents were
first cousins). Significant elevations of multiple acylcarni-
tines (C4, C8, C5DC, C14), in a pattern consistent with
GA-II, were noted in the screening specimen collected on
DOL 3. Although the family was contacted immediately
after the results became available, the baby was already
deceased at the time. According to the parents the neonate
had died suddenly on day of life 4. No confirmatory testing
could be performed, however family was provided genetic
counseling based on the presumptive diagnosis of GAII.

Case III-Glutaric Aciduria-I (GAI) This male neonate was
the first-born child of non-consanguineous parents. He was
born at 36-wks gestation with a birth weight of 1.7 kg. His
newborn screening revealed an elevation of C5DC in a
pattern consistent with GAI. At his initial evaluation he was
asymptomatic, active and feeding well. Urinary organic
acid analysis revealed elevated glutaric acid and 3-
hydroxyglutaric acid, confirming the diagnosis of GAI. In
addition to the above metabolities, increased excretion of 2-
ketoglutaric acid and succinic acid was noted. Treatment
with carnitine and riboflavin and a low protein diet, with
special emphasis on avoidance of foods high in lysine and
tryptophan, was initiated. Since the specialized medical
formula to provide the recommended daily allowances for
the essential amino acids was not available at an affordable
cost, the family opted not to continue with this. Over the

Table 2 A comparison of the primary marker parameters in specimens from babies born in India with those born in Massachusetts

Analyte Specimens from India (n=2,852) Specimens from Massachusetts (n=29,413) T-test

Median Mean 1st %ile 99th %ile Median Mean 1st %ile 99th %ile p

C0 33.58 35.82 14.19 75.50 22.09 23.50 10.17 49.97 0.00

C3 1.27 1.42 0.31 3.97 1.89 2.04 0.79 4.74 0.00

C3DC 0.02 0.02 0.01 0.05 … …

C4 0.32 0.36 0.13 0.95 0.33 0.37 0.17 0.96 0.37

C4OH 0.10 0.11 0.03 0.36 … …

C5:1 0.01 0.01 0.00 0.03 0.01 0.01 0.00 0.03 0.09

C5 0.20 0.22 0.09 0.60 0.17 0.19 0.08 0.42 0.00

C5OH 0.07 0.08 0.03 0.17 0.11 0.12 0.05 0.28 0.00

C5DC 0.02 0.03 0.01 0.07 0.04 0.04 0.01 0.09 0.00

C6DC 0.01 0.01 0.00 0.03 0.02 0.02 0.01 0.06 0.00

C8 0.08 0.08 0.04 0.22 0.09 0.09 0.06 0.19 0.00

C10:2 0.01 0.01 0.00 0.03 … …

C14:2 0.02 0.02 0.01 0.05 0.03 0.03 0.01 0.07 0.00

C14:1 0.12 0.14 0.03 0.41 0.15 0.17 0.06 0.41 0.00

C16 3.69 3.79 0.71 7.91 3.17 3.29 1.35 6.32 0.00

C18:1 1.42 1.46 0.40 2.91 1.39 1.44 0.68 2.63 0.00

C16OH 0.02 0.02 0.01 0.05 0.03 0.03 0.01 0.06 0.00

C18:OH 0.02 0.02 0.01 0.04 0.02 0.02 0.01 0.04 0.06

Arg 6.25 7.79 2.42 32.02 12.44 14.05 3.96 38.59 0.00

ASA 1.28 1.36 0.45 3.09 1.68 1.75 0.64 3.38 0.00

Cit 7.89 8.39 3.88 19.18 11.36 11.96 6.09 24.10 0.00

Leu 156.4 162.9 80.52 307.1 145.6 149.5 89.19 245.1 0.00

Val 110.9 114.8 58.35 209.5 117.6 122.5 66.56 223.2 0.00

Met 17.76 18.47 10.09 35.87 23.89 24.50 14.50 40.06 0.00

Orn 25.91 27.84 11.04 60.90 53.13 58.73 25.22 148.7 0.00

Phe 51.76 54.00 29.59 99.78 59.28 60.59 37.68 94.88 0.00

Tyr 75.51 84.29 33.17 234.4 84.11 90.97 35.33 214.4 0.00

Only specimens collected within 24–72 h from babies not in the NICU, weighing more than 1,500 g and tested on the same tandem mass
spectrometer are included in the analysis

Higher median value shown in bold
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course of time the infant developed developmental delay
with myoclonic seizures and failure to thrive, and expired at
1 year of age.

Case IV-Isovaleric Aciduria (IVA) One baby in the cohort
was the third child of a couple whose two previous children
had died of metabolic acidosis. This male baby was born at
34-wks weighing 1000 g. In view of the low birth weight
and family history, he was managed in the NICU and was
started on a low protein formula on DOL 3. The screening
specimen, collected on DOL 2, revealed a significant
elevation of C5 in a pattern consistent with IVA. Urinary
organic acid analysis using GC-MS confirmed the diagno-
sis of IVA. His neonatal period was notable for a few

episodes of diarrhea and severe anemia requiring blood
transfusion. He has remained on a low protein diet and
carnitine, and currently at the age of 3-years, his cognitive
and motor development is normal.

Discussion

On comparing the demographic data of all the babies screened
from India with those of babies born in Massachusetts,
significant differences were noted in the percentage of
babies who were noted to be in Intensive/Special Care
Units (ICU) or had birth weights under 1.5 kg (2% in

Table 3 Marker abnormality, category breakdown and final outcomes of all positive screens

Out-of-range analyte Final outcome

Category: high probability (n=5)

LEU (n=1) Transient. Plasma amino acids normal.

C5 (n=1) IVA. Thriving and developing normally at age 3 years

LOW C0 (n=1) CUD. Thriving and developing normally at age 2-1/
2 years

C5 DC (n=1) GA-I. Died at age 1-yr despite treatment

Multiple Markers (n=1) Metabolic profile consistent with GA-II.

Deceased at time of contact.

Category: low probability (n=28)

LOW CIT (n=1) Transient. Plasma amino acid normal.

C0 (n=1) Transient. Resolved by repeat testing.

C3 (n=1) Transient. Resolved by repeat testing.

C5OH (n=2) Transient. Resolved by repeat testing.

C8 (n=2) 985A>G mutation not present.

Transient. Resolved on repeat testing.

C10:2 (n=1) Transient. Resolved by repeat testing.

C16 &/OR C18:1 (n=5) 4/5 Transient. Resolved by repeat testing. All
asymptomatic.

C14:1 (n=1) Transient. Resolved on repeat testing.

However, followed as presumptive VLCAD till molecular
analysis can be arranged. Asymptomatic.

Multiple Markers (n=14). With at least 3 among LEU, C5, C8, C12, C14:1 & C14
above their cut-off, and the remaining in high range of normal

11/14 Transient. Resolved by repeat testing.

All asymptomatic.

3/14 lost to follow-up.

Category: indeterminate (n=14)

TYR (n=5) 4 Transient. Resolved by repeat testing.

No succinylacetone elevation 1 baby had expired at time of contact.

PHE (n=3) 2 Transient. Resolved by repeat testing.

1 baby had expired at time of contact.

LEU (n=2) 2 Transient. Resolved by repeat testing.

ORN (n=1) Transient. Resolved by repeat testing.

LOW CIT (n=1) Transient. Resolved by repeat testing.

PHE & LEU (n=2) 1 Transient. Resolved by repeat testing.

1 baby had expired at time of contact.
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India; 7% in MA), and in the age at specimen collection.
The authors, therefore, restricted each population to
specimens collected at 24–72 h of age from non-NICU
babies weighing over 1.5 kg, and analyzed on the same
instrument, for further comparisons. It is interesting to
note that even with these restrictions the concentrations
of the biomarkers differed significantly among the
normal babies born in India as compared to the babies
born in Massachusetts. A similar difference was not
noted among babies born in Massachusetts when com-
pared to babies born in other New England states also
tested by NENSP. In order to explain the differences, the
authors compared other factors that may have contributed
to the differences. Table 4 shows the demographic data of
the two populations (after restriction to non-NICU babies
of similar age and weight as described previously). One
notable difference was the percentage of babies on breast
milk (99% in India; 66% in MA). The authors feel that
variations in norms related to feeding and maternal diet,
possibly in addition to some founder effects affecting the
metabolic pathways, are responsible for the observed
differences in marker concentrations. The observed varia-
tions in biomarker concentrations among the populations
raise the question for a need for population-specific
screening cut-offs, but larger studies would be required
to confirm that this is needed or justified to distinguish
affected babies from normals. Careful analysis of the
profiles using ratios and indices may be able to compen-
sate for such differences.

The spread of all positive screens into the three
categories was substantially different among babies from
India with those from MA. Of the 48 positive screens
among babies born in India, 30% were in the “Indetermi-

nate Category” and 60% were in the “Low Probability
Category”. On the other hand, the category-based distribu-
tion pattern was reversed among babies born in MA, with
60% of screens falling in the “Indeterminate Category” and
30% in the “Low Probability Category”.

This difference was primarily due to the number of babies
with an elevation of multiple markers, with at least 3 among
LEU, C5, C8, C12, C14:1, C14 and C16 above their
individual cut-offs, and the remaining in the high range of
normal. Of the 4, 896 initial specimens from India 14 were
noted to have this profile, while of more than 100,000
specimens from MA tested during the same period only 2
were noted to have this pattern. An elevation of several
markers in the pattern above is seen in neonates with Glutaric
Aciduria-II; however all cases of GA-II detected previously
by NENSP have had much higher concentrations (and fell in
the “High Probability” category). When a much larger cohort
of neonates from MA was analyzed previously, those babies
with a similar elevation of multiple markers in the “Low
Probability” category, and who had extensive diagnostic
testing were all concluded to be false-positives; in these cases
a maternal riboflavin deficiency or a transient mitochondrial
dysfunction was suggested. The elevations in the 14 babies
from India in the study resolved on retesting but an extensive
diagnostic work-upwas not performed. Although it is possible
that some of the 14 neonates with this profile had GA-II, it is
unlikely. Notably several markers (Leucine, C5 and C16) in
this pattern of multi marker elevation have higher overall
mean/median concentrations in specimens from babies from
India. This difference in the median concentrations is likely
related to the large number of neonates with the above-
mentioned specific pattern of out-of-range results, but the
cause remains unclear. A higher prevalence of maternal

India (n=2,852) Massachusetts (n=29,413)

Weight distribution

1.5–2.0 kg 31 89

2.0–2.5 kg 288 1,089

2.5–3.0 kg 951 5,515

3.0–3.5 kg 1,268 12,688

> 3.5 kg 41 9,909

No Data 273 123

Feeding status

Breast fed 338 14,349

Formula fed 3 6,856

Formula and breast fed 0 3,588

No data 2,511 4,620

Gender

Male 1,509 15,003

Female 1,337 14,406

No data 6 4

Table 4 Comparison of demo-
graphic data for specimens uti-
lized for marker concentration
analysis
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riboflavin deficiency in the Indian population is a possibility
but data were not available to confirm this speculation.

To the best of authors’ knowledge, this was the first
unselected population-based newborn screening study con-
ducted for disorders using MS/MS in a region in India. More
recently, the state of Goa has begun to screen all newborns
born in a Goa Government healthcare facility for several
conditions. The authors observed a high prevalence of inborn
errors of metabolism to the extent of one in every two
thousand newborns in the region. This pilot underscores the
necessity of performing larger population-based newborn
screening studies to estimate the true extent of the inborn
errors of metabolism in India. It also illustrates some
challenges that are likely to be encountered when screening
for these disorders is introduced into the general population.
The authors experienced significant difficulties in obtaining
some confirmatory studies for infants who screened positive,
due to lack of accessibility to many of the families to
diagnostic-quality laboratory analyses. Procuring the special-
ized diets, the mainstay of treatment, for individuals con-
firmed to have a disorder was another arduous task because
these rare formulas are not manufactured in India and have to
be imported from outside the country at high expense.
Benefits of screening can only be realized if infants identified
by screening receive the necessary follow-up intervention and
life-long therapy [12–14]. Hence it will be imperative to
consider the availability of, and access to, confirmatory
testing and continuing clinical management before imple-
menting any large-scale population-based newborn screening
for conditions with resource-intensive health needs, such as
the inborn errors of metabolism detected using MS/MS.
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