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Abstract

Purpose: Newborn screening (NBS) is performed to identify neonates at risk for actionable, 

severe, early-onset disorders, many of which are genetic. The BabySeq Project randomized 

neonates to receive conventional NBS or NBS plus exome sequencing (ES) capable of detecting 

sequence variants that may also diagnose monogenic disease or indicate genetic disease risk. We 

therefore evaluated how ES and conventional NBS results differ in this population.

Methods: We compared results of NBS (including hearing screens) and ES for 159 infants in the 

BabySeq Project. Infants were considered “NBS positive” if any abnormal result was found 

indicating disease risk and “ES positive” if ES identified a monogenic disease risk or a genetic 

diagnosis.

Results: Most infants (132/159, 84%) were NBS and ES negative. Only one infant was positive 

for the same disorder by both modalities. Nine infants were NBS positive/ES negative, though 

seven of these were subsequently determined to be false positives. Fifteen infants were ES 

positive/NBS negative, all of which represented risk of genetic conditions that are not included in 

NBS programs. No genetic explanation was identified for 8 infants referred on the hearing screen.

Conclusions: These differences highlight the complementarity of information that may be 

gleaned from NBS and ES in the newborn period.

INTRODUCTION

Conventional state-mandated newborn screening (NBS) is routinely performed shortly after 

birth to diagnose severe, early-onset disorders, where prompt diagnostic evaluation and 

treatment can improve outcomes1. In the United States, NBS includes a dried blood spot in 
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addition to point-of-care tests, such as the hearing screen and screening for critical 

congenital heart diseases2–4. As this is a screening test, false-positive results commonly 

occur (as can false-negative results)2,5,6.

Exome or genome sequencing (ES/GS) may compliment traditional NBS in identifying risk 

for disease, ideally prior to the development of symptoms. We5,7 and others8 have previously 

described cases of inborn errors of metabolism that had been missed by traditional newborn 

screening and later detected by sequencing, raising the question of whether ES/GS should be 

incorporated during infancy for genetic risk assessment. Of the 35 disorders included in the 

Recommended Uniform Screening Panel (RUSP) that are tested using the dried blood spot, 

nearly all have a Mendelian genetic basis, including sickle cell disease, cystic fibrosis, and 

maple syrup urine disease, among others9. Various sequencing approaches are increasingly 

used in NBS algorithms for second-tier confirmation, and the use of sequencing has been 

proposed as an alternative primary method of detection10. Though a number of studies have 

demonstrated the ability of ES/GS to diagnose genetic conditions in symptomatic 

infants11–14, prior comparisons of traditional NBS with ES/GS have shown that infants may 

be missed by either method, though these analyses generally favor traditional NBS as more 

sensitive than ES/GS for the RUSP-targeted disorders15–17. There are relatively few studies 

comparing the results of ES/GS to NBS in a cohort that is not enriched for such disorders, 

with one prior study demonstrating a higher sensitivity of conventional NBS versus ES to 

detect NBS-targeted conditions18. We therefore evaluated the relationship between NBS and 

ES results in the BabySeq Project19 in order to highlight the unique attributes of each 

approach in a population-based sample.

MATERIALS AND METHODS

Study Design and Participants

The BabySeq Project was a randomized clinical trial examining the impact of ES in the 

clinical care of newborns. Details of its study design have been previously described19. In 

brief, healthy newborns from the Brigham and Women’s Hospital (BWH) Well Newborn 

Nursery and newborns admitted to Boston Children’s Hospital’s (BCH), Massachusetts 

General Hospital and BWH neonatal and cardiac intensive care units (NICUs and CICUs) 

were randomized to receive modified standard of care consisting of a standard NBS report 

and a family history report (control arm) or the same plus ES (intervention arm). Families in 

the intervention arm received a report with results that included variants indicating 

monogenic disease risk, heterozygous status for variants in genes associated with autosomal 

recessive childhood-onset disorders, and a very limited number of actionable adult-only 

onset disorders, as well as variants with pediatric pharmacogenomic associations17.

ES results for this cohort have been previously reported17. In this analysis, we analyzed NBS 

dried blood spot and newborn hearing screen results for the infants sequenced in the 

intervention arm of this study. Infants were considered “NBS positive” if any abnormal 

result was found on the dried blood spot conferring risk of disease and requiring follow-up 

diagnostic testing or a repeat sample. “NBS negative” infants either had no abnormalities 

found or had results indicating recent blood transfusion. “ES positive” infants had variants 

found conferring a diagnosis of a monogenic disease or disease risk and “ES negative” 
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infants had either no disease-causing variants found or were heterozygous for recessive 

variants that were not expected to have clinical implications.

RESULTS

Characteristics of the Study Population

Overall, 316 infants were enrolled in the study, and 159 of them were assigned to NBS plus 

family history plus ES. In this intervention arm, 127 infants were enrolled from the Well 

Baby Nursery and considered healthy (80%) and 32 were enrolled from ICUs (20%).

ES and NBS Results

The majority of infants were both NBS and ES negative (132/159, 84%). Of the NBS 

positive infants (12/159, 8%), most were enrolled from the NICU (7/12, 58%), and 4/12 

(33%) were false positives commonly seen particularly in critically-ill infants.

Three infants were both NBS and ES positive, but only one was positive for the same 

disorder by both modalities. Interestingly, this infant was initially flagged on NBS for 

biotinidase deficiency, but a follow-up NBS was reported normal. ES revealed two variants 

in BTD, one of which is associated with a mild phenotype. The baby was subsequently 

determined to have reduced enzyme activity indicating a mild form of the disease and was 

treated with biotin7. The other 2/3 had genetic conditions found by ES that are not included 

on NBS and NBS results that were deemed false positives: one had G6PD deficiency 

identified by ES but was flagged for a thyroid abnormality on NBS while the second infant 

was identified to be at risk for non-classic congenital adrenal hyperplasia by ES and this 

infant’s NBS was flagged for multiple abnormalities that are all false positives often seen in 

the NICU that later resolved (abnormal thyroid function, low T-cell receptor excision circles 

[T-RECs], and multiple abnormal amino acids consistent with administration of total 

parenteral nutrition).

Nine infants were NBS positive and ES negative, reflecting abnormalities found on dried 

blood spot analysis that were not corroborated by sequencing, typically because the NBS 

was false positive (7/9 cases). The two true positive NBS results were hemoglobin variants 

(FAB and FAV) that ES analytic pipelines may not be optimized to detect and were not 

thought to be clinically significant; both infants were enrolled from the well-baby nursery. 

Of the remaining seven infants who were NBS positive/ES negative, 5/7 were in the NICU 

and felt to illustrate common false positives seen with prematurity and critical illness and 

two were in the well-baby nursery and had false positive abnormal thyroid screens.

Fifteen infants were ES positive and NBS negative, reflecting risks for genetic conditions 

that are not included on NBS panels – such as cardiomyopathies and cancer risk syndromes 

that have later onset. Of the 15 infants, 10 were healthy and 5 were enrolled from a NICU. In 

one case enrolled from the NICU, ES results were diagnostic for an underlying genetic 

syndrome that had not previously been considered: this infant presented with anal atresia 

and was found to have a de novo likely pathogenic variant in ANKRD11 associated with 

KBG syndrome. These infants are described in detail in a previous study17 and summarized 

in the Figure.
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All 8 infants whose initial hearing screens were abnormal (one bilateral, the rest unilateral) 

were ES negative. Four, including the bilateral referral, passed follow-up hearing screens, 

and none of the remaining four unilateral referrals (all well newborns) had any reported 

health issues or specialty visits noted on follow-up assessments and are therefore assumed 

not to have significant congenital hearing loss.

Discussion

We present an analysis of infants in the BabySeq Project who underwent both ES and NBS. 

Our findings demonstrate that the ES and NBS results serve complimentary roles in 

determining disease risk, with each modality having strengths and weaknesses. Regarding 

the utility of ES compared to NBS in diagnosing the RUSP-targeted conditions, we detected 

only one case in our cohort: the case of partial biotinidase deficiency as previously 

reported7. Overall, the NBS results in our cohort did not reveal any baby at risk for severe, 

early-onset disease. The dearth of “true positive” results for NBS-targeted disorder by either 

modality is similar to prior population-based studies owing to the rarity of these 

conditions15,18. The recent NEXUS study, which enrolled and sequenced children with 

known inborn errors of metabolism or hearing loss in addition to healthy newborns, found 

that most (15/17) inborn errors of metabolism were found on ES and that ES yielded an 

explanation for suspected hearing loss in only 18% (5/28). As with our study, conditions not 

targeted by NBS were also identified15. Another study of 1,696 individuals undergoing trio 

GS, compared with NBS results, also demonstrated higher sensitivity of NBS for diagnosing 

inborn errors of metabolism18. This is further supported by a study of nearly 1,500 

individuals with positive NBS who underwent ES, where actionable disorders identified by 

NBS were missed on ES16. These prior studies suggest that relying on ES/GS alone to detect 

inborn errors of metabolism, where prompt intervention is critical, would not be advised at 

this time due to limitations in sequencing technology and variant interpretation.

Our present cohort demonstrates that abnormal findings on NBS requiring follow-up are 

frequently seen in newborns, particularly those in the NICU, as evidenced by the 12/159 

“NBS positive” cases. While many of these will resolve on subsequent NBS samples, 

particularly such findings as abnormal thyroid markers seen commonly in premature or 

critically-ill infants, hypothyroidism warranting treatment is occasionally detected which 

would not be found using sequencing alone. Hemoglobin variants were also identified by 

NBS our cohort but not reported on the sequencing analysis, because the variants in 

hemoglobin genes were either difficult to detect by ES (e.g. hemoglobin Barts, FAB, due to 

deletion) or because the hemoglobin variant (FAV) is likely to have uncertain or no clinical 

significance and therefore would not meet ES reporting standards. We similarly found a low 

yield of ES as a primary screen for hearing loss, with only one infant found to have a 

condition causing hearing loss (variant in KCNQ4) detected by sequencing. This infant 

passed the NBS hearing screen, which is not surprising given that hearing loss due to 

pathogenic KCNQ4 variant is late-onset. ES was not able to be fully evaluated as a follow-

up to the newborn hearing screen as none of the 8 infants who screened positive were later 

identified to have severe hearing loss. Overall, our results demonstrate that NBS is highly 

sensitive for hemoglobinopathies and thyroid abnormalities while ES will allow screening 
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for numerous Mendelian disorders for which there is no current NBS analyte or algorithm 

and not necessarily a therapy.

Eighteen of the 159 infants who underwent ES were found to have results indicative of 

monogenic disease or disease risk. This demonstrates the potential value of sequencing in 

the newborn period to detect conditions that are generally not targeted by NBS panels, 

particularly those that confer later-onset disease risk and are variably penetrant. However, 

this is counterbalanced by ethical challenges such as the psychosocial implications of 

returning such information to the parents of a newborn. The full impact of early 

identification of disorders detected on ES is not known, and further research is needed. As 

sequencing technology continues to evolve, its utility for identifying actionable conditions in 

the newborn must be continually assessed.
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Figure. 
Comparison of conventional NBS using dried blood spot versus ES results. Additional 

details on ES positive cases have been previously published17.
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