
Effect of Whole-Genome Sequencing on the Clinical Management
of Acutely Ill Infants With Suspected Genetic Disease
A Randomized Clinical Trial
The NICUSeq Study Group

IMPORTANCE Whole-genome sequencing (WGS) shows promise as a first-line genetic test for
acutely ill infants, but widespread adoption and implementation requires evidence of an
effect on clinical management.

OBJECTIVE To determine the effect of WGS on clinical management in a racially and ethnically
diverse and geographically distributed population of acutely ill infants in the US.

DESIGN, SETTING, AND PARTICIPANTS This randomized, time-delayed clinical trial enrolled
participants from September 11, 2017, to April 30, 2019, with an observation period extending
to July 2, 2019. The study was conducted at 5 US academic medical centers and affiliated
children’s hospitals. Participants included infants aged between 0 and 120 days who were
admitted to an intensive care unit with a suspected genetic disease. Data were analyzed from
January 14 to August 20, 2020.

INTERVENTIONS Patients were randomized to receive clinical WGS results 15 days (early) or
60 days (delayed) after enrollment, with the observation period extending to 90 days. Usual
care was continued throughout the study.

MAIN OUTCOMES AND MEASURES The main outcome was the difference in the proportion of
infants in the early and delayed groups who received a change of management (COM) 60
days after enrollment. Additional outcome measures included WGS diagnostic efficacy,
within-group COM at 90 days, length of hospital stay, and mortality.

RESULTS A total of 354 infants were randomized to the early (n = 176) or delayed (n = 178)
arms. The mean participant age was 15 days (IQR, 7-32 days); 201 participants (56.8%) were
boys; 19 (5.4%) were Asian; 47 (13.3%) were Black; 250 (70.6%) were White; and 38 (10.7%)
were of other race. At 60 days, twice as many infants in the early group vs the delayed group
received a COM (34 of 161 [21.1%; 95% CI, 15.1%-28.2%] vs 17 of 165 [10.3%; 95% CI,
6.1%-16.0%]; P = .009; odds ratio, 2.3; 95% CI, 1.22-4.32) and a molecular diagnosis (55 of
176 [31.0%; 95% CI, 24.5%-38.7%] vs 27 of 178 [15.0%; 95% CI, 10.2%-21.3%]; P < .001). At
90 days, the delayed group showed a doubling of COM (to 45 of 161 [28.0%; 95% CI,
21.2%-35.6%]) and diagnostic efficacy (to 56 of 178 [31.0%; 95% CI, 24.7%-38.8%]). The
most frequent COMs across the observation window were subspecialty referrals (39 of 354;
11%), surgery or other invasive procedures (17 of 354; 4%), condition-specific medications (9
of 354; 2%), or other supportive alterations in medication (12 of 354; 3%). No differences in
length of stay or survival were observed.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, for acutely ill infants in an
intensive care unit, introduction of WGS was associated with a significant increase in focused
clinical management compared with usual care. Access to first-line WGS may reduce health
care disparities by enabling diagnostic equity. These data support WGS adoption and
implementation in this population.
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C ritically ill infants admitted to an intensive care unit
(ICU) are at risk for high levels of morbidity and
mortality.1,2 In the US, neonatal hospitalizations cost at

least $17 billion annually,3,4 including approximately 400 000
newborns admitted to neonatal ICUs.5

Genetic disorders are a leading cause of ICU admission, and
several recent investigations have used comprehensive genomic
testing in populations of acutely ill infants, using either whole-
exome sequencing, which surveys approximately 2% of the ge-
nome that codes for proteins, or whole-genome sequencing
(WGS), which evaluates approximately 95% of nuclear and mi-
tochondrial DNA. These studies have reported 20% to 50% diag-
nostic efficacy,6-14 with variability attributed to differing inclu-
sion criteria and comprehensiveness of the genomic test. The
highestyieldswereobservedincohortsofcriticallyill infantswith
clinical features strongly suggesting a genetic diagnosis.6-13 Ob-
servational and post hoc investigations of clinical utility have
shownthatuptotwo-thirdsofmolecularlydiagnosedinfantswill
receive an alteration in care6-14 and that genomic testing is per-
ceived as having high utility in the acute care setting.15 The wide-
spreadimplementationofWGSandothergenomictestsintheICU
has been hampered, however, by a lack of controlled studies in-
vestigating their effect on change of management (COM) using
matchedcomparatorgroups,real-worldinclusioncriteria,anddi-
verse populations.16

Here, we report on the results of a multicenter, random-
ized, time-delayed investigation of the effect of clinical WGS
on COM in infants admitted to an ICU at 5 US children’s hos-
pitals. Patient selection emphasized clinician suspicion of a ge-
netic disorder. Usual care, including molecular genetic test-
ing, was continued throughout the study, which captured
variation in infant management and enabled an assessment of
WGS effect within a real-world clinical population. The pri-
mary objective of the study was to determine whether the in-
troduction of WGS into an acutely ill infant population was as-
sociated with clinical utility as assessed by COM.

Methods
Trial Design
The randomized clinical trial protocol used a time-delayed
study design17 that was reviewed and approved by a central
institutional review board (Western Institutional Review
Board, Olympia, Washington) and each study site ethics
committee. The trial was sponsored by Illumina Inc as a col-
laboration between the sponsor and 5 academic medical
centers (Children’s Hospital of Philadelphia, University of
Nebraska Medical Center/Children’s Hospital, Children’s
Hospital of Orange County/Rady Children’s Institute for
Genomic Medicine, Washington University/St Louis Chil-
dren’s Hospital, and Le Bonheur Children’s Hospital) and
was supported by statistical analysis services from Precision
for Medicine. Participants were recruited between Septem-
ber 11, 2017, and April 30, 2019, with an observation period
extending to July 2, 2019. The trial was conducted in accor-
dance with the principles of the Declaration of Helsinki. The
study was proposed by the sponsor, with the design devel-

oped collaboratively, and was conducted in accordance with
the Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline. The trial protocol including the statistical
analysis plan is provided in Supplement 1, and the clinical
services laboratory information can be found in the eAppendix
in Supplement 2.

Participants
Patientswererecruitedfromparticipatingacademicmedicalcen-
ter ICUs. Eligible patients were aged between 0 and 120 days with
a suspected genetic etiology of disease based on objective clini-
calfindingsforwhichgenetictestingwouldbeconsidered.Atleast
1 biological parent was required for participation. Exclusion cri-
teria included an established genetic diagnosis; high clinical sus-
picion for trisomy 13, 18, 21, or monosomy X; or full explanation
of the patient’s phenotype by complications of prematurity. Pa-
tients born prematurely with indications of a genetic disease, eg,
those with multiple congenital anomalies, were considered for
enrollment. Other affected family members, generally siblings,
wereconsiderediftheirphenotypicfindingswereconsistentwith
the patient’s condition and lacked an etiologic diagnosis. Detailed
inclusion and exclusion criteria are described in eMethods 1 in
Supplement2.RaceandethnicitywerecollectedfollowingUSDe-
partment of Health and Human Services recommendations and
classificationstoassessdifferencesinoutcomes.Writteninformed
consent was obtained for each patient and participating relatives,
and pre- and posttest genetic counseling was offered to all
participants.

Interventions
Owing to the potential benefit of WGS in the acute care popula-
tion, a time-delayed study design was used to ensure that all par-
ticipantsreceivedaccesstothediagnostictechnology.Infantswho
met the inclusion criteria were randomized to receive WGS test-
ing results either 15 or 60 days after enrollment—the early and de-
layed groups, respectively—with a total 90-day observation win-
dow. Staff at each site were blinded to the randomization group
of each patient until 15 days after enrollment. To ensure that the
interventiondidnotinterferewithusualcareintheICU,thestudy
directedhealthcareprofessionalstoorderanyimagingormolecu-
lar testing deemed appropriate. Whole-genome sequencing was
performed on duo, trio, or quad family structures in the Clinical
Laboratory Improvement Amendments–certified, College of

Key Points
Question What is the effect of whole-genome sequencing (WGS)
on clinical management in a diverse population of acutely ill
infants?

Findings In this randomized time-delayed clinical trial conducted
at 5 children’s hospitals, a diverse population of 354 infants was
randomized to receive WGS either 15 days or 60 days after
enrollment. In both study groups, access to WGS doubled the
proportion of patients with a precision diagnosis and a change of
clinical management.

Meaning These data support WGS implementation for acutely ill
infants with a suspected genetic condition.
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AmericanPathologists–approvedIlluminaClinicalServicesLabo-
ratory, which included assessment of single nucleotide variants,
indels, copy number variants, mitochondrial variants, and spi-
nal muscular atrophy gene status using a family-informed analy-
sis pipeline (eMethods 2 in Supplement 2). Primary WGS findings
were classified as positive, likely positive, inconclusive, or nega-
tive based on clinical concordance with the patient’s phenotype
by the medical monitor and each site’s principal investigator. Sec-
ondary findings were reported in accordance with American Col-
lege of Medical Genetics guidelines.18 Incidental findings were
reported for pathogenic or likely pathogenic variants with medi-
cal actionability. Discrepancies were assessed in monthly team
calls, and the final classification of the site principal investigator
was considered final. Usual care was continued for all patients at
all study sites for the duration of the study. Adverse events were
classifiedandrecordedforeachpatient,withunanticipateddeath
independent of the study intervention the most common find-
ing (eFigure 1 in Supplement 2).

Outcomes
The primary outcome was the difference in the proportion of pa-
tients who received a COM in the early and delayed groups at 60
days. Change of management was assessed using a state-change
classification of patients as either having no change in care, a
condition-specific intervention, condition-specific supportive
care, palliative care, or a combination of the latter 3 (eTable 1 in
Supplement 2). Change of management data were collected by
each site’s study coordinators and attending clinicians, and COM
assessments were reviewed with the participating clinicians at
each site in study review meetings and by the medical monitor.
Inallcases,thesiteprincipal investigatormadethefinaldecisions
aboutpatientCOMclassificationateachtimepointusingthestate-
change rubric. Change of management was investigated within
the delayed group by assessing the difference in the number of
patientswithCOMintheintervalbetween60days(returnofWGS
results) and the end of the observation period at 90 days after en-
rollment.Secondaryoutcomemeasuresreportedhereincludedi-
agnostic efficacy (also frequently reported as diagnostic yield, ie,
the proportion of positive diagnoses per group reported as a per-
centage) of both WGS and usual-care testing, and time to diagno-
sis relative to WGS and usual-care testing test outcomes and rela-
tive to enrollment, day of life, death, or discharge. An assessment
of diagnostic accuracy was not performed as planned owing to
elements of the study that involved active discussion of ambigu-
ous WGS testing results. A planned analysis of change in care set-
tingwasnotpursuedowingtothehighproportionofpatientswho
were rapidly discharged. Physician and patient satisfaction sur-
vey findings and a health economic analysis of resource utiliza-
tion will be presented in a subsequent manuscript.

Statistical Analysis
The null hypothesis of this study was that there would be no dif-
ference in COM between early and delayed groups 60 days after
enrollment. The power analysis was based on a fixed sample size
of 300 patients with 80% power to detect a significant increase
in the proportion of cases with COM on the assumption of a 20%
difference in diagnostic yield between the early and delayed
groups—ie, that WGS would enable 20% more diagnoses when

compared to the aggregate performance of all usual-care molecu-
lardiagnostictestsat60days.Changeofmanagementwastreated
as a categorical variable, and independence was assessed using
a Cochran-Mantel-Haenszel test with the study site as the covar-
iate. Diagnostic efficacy across groups was assessed by examin-
ing the difference in the count of patients with positive and likely
positive test results with those who received a usual-care nega-
tive or inconclusive result using a Welch 2-sample t test. Within-
patient assessment of diagnostic efficacy was analyzed using the
McNemar test for paired data with continuity correction. A Cox
proportional hazard model was used to assess time to diagnosis.
Aplannedinterimanalysistookplaceat150patientsenrolled.Sta-
tistical analysis of the primary outcome was performed by Pre-
cision for Medicine. P < .05 was considered significant. All sta-
tistical analyses were performed between January 14 and August
20, 2020. Additional details are available in the trial protocol in
Supplement 1 and eMethods 3 in Supplement 2.

Results
Patients
A total of 354 infants with features indicative of a genetic dis-
ease were enrolled from ICUs at 5 children’s hospitals from Sep-
tember 11, 2017, to April 30, 2019, with the date of observa-
tion extending to July 2, 2019. Approximately 35% of
approached families declined to participate, consistent with
previous studies and the challenges of recruitment in the acute
care setting.19,20 Enrolled individuals matched the race and eth-
nicity distribution of the US population (19 Asian individuals
[5.4%], 47 Black individuals [13.3%], 250 White individuals
[70.6%], and 38 individuals of other race [10.7%]; and 81 La-
tino or Hispanic individuals [22.9%]) and were drawn from 4
US geographic regions (West Coast, Midwest, South, and North-
east) (Table 1; eTable 2 in Supplement 2).

Patients were randomized to either early (n = 176) or de-
layed (n = 178) return of WGS results (Figure 1 and Table 1). The
baseline characteristics of both groups were similar, includ-
ing age (mean, 15 days; IQR, 7-32 days) and time from admis-
sion to enrollment (Table 1; eFigures 2 and 3 and eTable 2 in
Supplement 2). A total of 296 of 354 infants (83%) were re-
cruited from the neonatal ICU, 23 (7%) from the pediatric ICU,
and 35 (10%) from the cardiovascular ICU (eTable 3 in Supple-
ment 2). For the majority of enrolled infants, DNA samples from
both parents were available, which enabled family-trio WGS
analysis (Table 1). Consistent with previous reports,21 the most
frequent clinical indication for testing was multiple congeni-
tal anomalies (Table 1; eTables 2 and 4, and eFigure 4 in Supple-
ment 2; eTables 5 and 6 in Supplement 3). Deaths contributed
a total of 32 losses (9%), highlighting the disease severity of
the enrolled patient population (Figure 1). Taking into ac-
count other participants lost to follow-up, there were a total
of 161 and 165 infants available for investigation in the early
and delayed groups, respectively, before analysis of the pri-
mary outcome (COM) at day 60 (Figure 1). Assessments of di-
agnostic efficacy and other secondary outcome measures were
calculated against the total enrolled in each group unless oth-
erwise stated.
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) Flow Diagram of Enrollment
and Randomization of Patients in the NICUSeq Clinical Trial

546 Infants approached 

176 Randomized to the early arm

165 Infants received WGS results after 15 d

161 Infants available for assessment after 60 d 165 Infants available for assessment and 
return of WGS results after 60 d

161 Infants available for assessment after 90 d

178 Randomized to the delayed arm

192 Declined or did not meet 
eligibility requirements 

11 Excluded  
10 Deaths
1 Sample failure 

13 Excluded  
11 Deaths
1 Sample failure 
1 Protocol violation  

354 Approved and randomized

4 Excluded  
3 Deaths
1 Lost to follow-up

159 Infants available for assessment after 90 d

2 Excluded  
2 Deaths

4 Excluded  
4 Deaths

The NICUSeq study used a
randomized time-delayed design to
investigate the effect of
whole-genome sequencing (WGS) on
changes of management. The patient
attrition noted here does not include
2 deaths in the early group that
occurred after day 90 but within the
study window.

Table 1. Demographic and Clinical Characteristics at Enrollment

Characteristic

No. (%)

Early (n = 176)a Delayed (n = 178)b All patients (n = 354)

Age, mean (IQR), d 14 (6-28) 17 (7-37) 15 (7-32)

Girls 74 (42.0) 79 (44.4) 153 (43.2)

Boys 102 (60.0) 99 (55.6) 201 (56.8)c

Race

Asian 7 (4) 12 (6.8) 19 (5.4)

Black 26 (14.8) 21 (11.8) 47 (13.3)

White 125 (71.0) 125 (70.2) 250 (70.6)

Otherd 18 (10.2) 20 (11.2) 38 (10.7)

Ethnicity

Latino or Hispanic 47 (26.7) 34 (19.1) 81 (22.9)

Not Latino or Hispanic 128 (72.7) 141 (79.2) 269 (76.0)

Unknown 1 (0.6) 3 (1.7) 4 (1.1)

Family composition for testing

Trio 130 (73.9) 139 (78.1) 269 (76.0)

Duo 41 (23.3) 35 (19.7) 76 (21.5)

Quad 4 (2.3) 3 (1.7) 7 (2.0)

Indication for testing

Congenital anomalies

Multiple 109 (61.9) 92 (51.7) 201 (56.8)

Isolated major 26 (14.8) 36 (20.2) 62 (17.5)

Neurologic disorder 22 (12.5) 30 (16.9) 52 (14.7)

Single major feature 18 (10.2) 19 (10.7) 37 (10.5)

a Results returned at visit 2, 15 days
after enrollment.

b Results returned at visit 3, 60 days
after enrollment.

c Includes a single patient with
indeterminate sex.

d Parents who selected “other” have
indicated that they do not identify
as Asian, Black, or White race.
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Change of Management
To assess whether receiving clinical WGS altered clinical man-
agement, the difference in the proportion of infants in the early
and delayed groups with a COM was investigated. The study
used a COM rubric that categorized infants into those with gen-
erally supportive care, management directed to the primary
genetic etiology, supportive care specific to the genetic con-
dition, palliative care, or a combination thereof. Change of man-
agement was assessed by comparing patient categorization at
sequential visits (eTable 1 in Supplement 2).

At the time of the primary outcome, day 60, the early group
showed 2-fold more infants with a COM compared with the de-
layed arm (34 of 161 [21.1%; 95% CI, 15.1%-28.2%] vs 17 of 165
[10.3%; 95% CI, 6.1%-16.0%]; P = .009; odds ratio, 2.3; 95% CI,
1.22-4.32) (Table 2; eTable 7 in Supplement 3 and eTable 8 in
Supplement 2). Additionally, within-group analysis of the de-
layed group showed that COM increased by more than 2-fold
after the return of WGS findings at 90 days to 45 of 161 pa-
tients receiving a COM (28.0%; 95% CI, 21.2%-35.6%) (Table 2)
despite more than 60 days elapsing before results were re-
turned. Patients with a pathogenic or likely pathogenic WGS
finding were more than 3-fold more likely to receive a COM
compared with those with uncertain or negative findings
(eTable 9 in Supplement 2). Overall, 83 of 326 patients (25.0%;
95% CI, 20.8%-30.6%), or two-thirds of those who received a
genetic diagnosis by any means, had a COM (Table 2).

The most frequent COMs at 60 days were associated with
condition-supportive care and included subspeciality refer-
ral (21 of 354; 6.0%) and changes to medication (5 of 354; 1.4%),
followed by condition-specific management, which included
therapeutics specific to the primary genetic etiology (7 of 354;
2.0%) and surgical interventions (12 of 354; 3.4%) (Figure 2A;
eTable 7 Supplement 3). All COMs were more frequent in the
early cohort at day 60 and increased in the delayed cohort af-
ter the return of WGS findings (Figure 2A). A minority of pa-
tients (4 of 354; 1.1%) had redirection to palliative or other sup-
portive care. The greatest number of patients to receive a COM
were those with multiple congenital anomalies (45 of 182; 24%),
but the highest proportion were patients with neurologic dis-

orders (17 of 45; 35%) (Figure 2B). Whole-genome sequenc-
ing findings were frequently returned after discharge from the
ICU and associated with COM (Figure 2C).

Several diagnoses led to COMs with notable clinical ef-
fect. For example, a male infant aged 29 days randomized to
the early group received a diagnosis of Wiskott-Aldrich syn-
drome (OMIM 301000) by WGS and received a corrective bone
marrow transplant (patient 909). In some cases, inappropri-
ate interventions were halted as a result of diagnosis, includ-
ing in a female infant aged 11 days with epilepsy who was strati-
fied to the delayed group and diagnosed by WGS with an
unsuspected KCNQ2 (OMIM 602235) variation; as a result, an
ongoing metabolic work-up was stopped, including the inef-
fective administration of pyridoxine (patient 922).

A total of 4 of 354 infants (1%) received a COM as a result
of nondiagnostic WGS results in the absence of any other mo-
lecular findings. Two infants (0.5%) with secondary findings
in MYBPC3 and TP53, and 2 (0.5%) with incidental findings in
PRSS1 and ABCA4 were referred to specialty clinics
(eTables 10-12 in Supplement 3).

Diagnostic Efficacy and Other Secondary
Outcome Measures
Consistent with the COM findings, the diagnostic rate in the
early group was 31.0% (95% CI, 24.5%-38.7%; 55 of 176 pa-
tients diagnosed) compared with 15.0% (95% CI, 10.2%-
21.3%; 27 of 178 patients diagnosed) in the delayed group at
day 60 (P < .001), indicating that systematic WGS deploy-
ment led to a 2-fold increased diagnostic efficacy compared
with aggregate usual-care testing. Similarly, the diagnostic rate
doubled within the delayed group to 31.0% (95% CI, 24.7%-
38.8%; 56 of 178 patients diagnosed; within-subject P < .001)
(Table 2) at day 90 after the return of WGS results. The largest
number of diagnoses were in infants with multiple congeni-
tal anomalies (63 of 191; 33%), and the highest proportion were
those with a single major clinical feature (19 of 35; 54%)
(Figure 3A). Whole-genome sequencing revealed a wide range
of causal variant types, including terminal and interstitial chro-
mosomal copy number variants, complex compound hetero-

Table 2. Diagnostic Efficacy and Change of Managementa

Variable
Early Delayed All patients
No./total No. % (95% CI) No./total No. % (95% CI) No./total No. % (95% CI)

At 60 d
Diagnostic efficacyb 55/176 31.0 (24.5-38.7) 27/178 15.0 (10.2-21.3) 82/354 23.0 (18.9-27.0)
Change of
managementc

Change 34/161 21.1 (15.1-28.2) 17/165 10.3 (6.1-16.0) 51/326 15.6 (11.9-20.1)
No change 127/161 78.9 (71.8-84.9) 148/165 89.7 (84.0-93.9) 275/326 84.4 (79.9-88.1)

At 90 d
Diagnostic efficacy 55/176 31 (24.5-38.7) 56/178 31.0 (24.7-38.8) 111/354 31.0 (26.6-36.5)
Change of
management

Change 38/159 23.9 (17.5-31.3) 45/161 28.0 (21.2-35.6) 83/326 25.0 (20.8-30.6)
No change 123/159 76.1 (70.1-83.6) 120/161 73.0 (67.1-81.1) 243/326 75.0 (69.4-79.2)

a Denominators for change of management account for transfers, deaths, and
other losses to follow-up; diagnostic efficacy denominators are the total
enrolled for each arm.

b Difference in diagnostic efficacy between the 2 arms: P < .001.

c Difference in change of management: P = .009; odds ratio, 2.3 (95% CI,
1.22-4.32).
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zygous variants, mitochondrial variants, and SMN1 copy loss
leading to spinal muscular atrophy (Figure 3B; eTable 5 in
Supplement 3). In the majority of resolved cases, de novo vari-
ants associated with autosomal dominant disorders were ob-
served (Figure 3B; eTable 5 in Supplement 3). Among those di-
agnosed by WGS, 9 recurrent diagnoses were observed (eTable 5
in the Supplement 3), including 5 infants with type 1 Kabuki
syndrome (OMIM 147920). Secondary and incidental find-
ings were reported in 20 infants (5%) and 23 infants (6%) in-
fants, respectively (eTables 10 and 11 in Supplement 3).

The overall time to diagnosis was broadly associated with
time to return of WGS testing results (eFigure 5 in Supple-
ment 2). Unexpectedly, WGS returned positive findings in 9 of
32 extremely and very preterm infants (28.1%) (eTable 13 in
Supplement 2), suggesting that WGS testing may have broad
applicability in premature neonates.

Usual-care testing during the observation period varied
substantially by site, as anticipated, and ranged from karyo-
typing to WGS with the negative microarray testing making
up the majority of tests results (eFigure 6 in Supplement 2).
For the 63 of 354 patients (17%) who received both positive
WGS and usual-care molecular testing, there was concor-
dance in 53 of 63 (85%). Among the 10 differences, 8 were
attributable to differences in variant classification or report-
ing practices, and 2 were associated with genomic altera-
tions that are currently undetectable with WGS (ie, methyla-
tion abnormalities and low-level somatic mosaicism)
(eTable 5 in Supplement 3 and eTable 14 in Supplement 2).
Usual-care testing in both the early and delayed groups was
concentrated in the first approximately 40 days of life, after
which few additional diagnoses were achieved (eFigure 5 in
Supplement 2).

Figure 2. Change of Management (COM) Types, Effect by Clinical Classification, and Occurrence Relative to Discharge
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Investigation of survival and length of stay stratified by
arm, test outcome, or observational period revealed no sig-
nificant differences between groups (Figure 3C and D; eFig-
ures 7 and 8 in Supplement 2). A negative correlation, how-
ever, was observed between gestational age and both time to
enrollment (adjusted R2, 0.1199; P = 1.52 × 10−11) and length of
stay (early group adjusted R2, 0.03382; P = .009; delayed group
adjusted R2, 0.04512; P = .003) supporting early WGS deploy-
ment in this population (eFigure 9 in Supplement 2).

Discussion
This randomized clinical trial investigated the effect of WGS on
COM, as a measure for clinical utility, using a time-delayed trial
design and a predefined rubric of care classification. It included
several elements designed to capture the effect of WGS on COM
against a background of real-world variability in infant care, in-
cluding simplified inclusion criteria, enrollment from 5 children’s

hospitals,araciallyandethnicallydiversepatientpopulation,and
the continuation of all usual-care practices, including molecular
testing, which were anticipated to vary among enrollment sites.

The primary end point was the difference in the number
of patients who received a COM 60 days after enrollment, which
showed that 2-fold more patients in the early group had re-
ceived a COM and a molecular diagnosis compared with the
delayed group. Within-group analysis of the delayed group rep-
licated these findings, showing that even when the return of
WGS results was delayed by 60 days, there was a further dou-
bling in the number of patients with a COM and a precision mo-
lecular diagnosis. Although the analysis of diagnostic effi-
cacy was restricted to those patients with primary etiologic
findings, COM was observed for a small proportion (1%) of pa-
tients who only received WGS secondary or incidental find-
ings during the observation period.

The majority of observed management changes were sup-
portive, with specialty referrals being the most common altera-
tion of care. In 8% of diagnosed patients, however, changes of

Figure 3. Secondary Outcomes Including Whole-Genome Sequencing (WGS) Findings, Length of Stay, and Survival
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management directly addressed their etiologic molecular altera-
tion. Additionally, the proportion of patients with a COM at day
90 trended upward even for infants who received their WGS di-
agnosisearly,suggestingthatgeneticfindingsmayprovideafoun-
dation for long-term clinical decision-making. There were no ob-
served differences in length of stay or mortality, suggesting that
either the principal effect of WGS was more focused and refined
clinical care or that a larger study with shorter WGS testing turn-
around times may be necessary to see these effects.

Improved diagnostic efficacy associated with WGS was
likely tied to the wide range of variant types investigated and
its uniform application to all patients across all 5 study sites,
in contrast to the use of a wide range of usual-care testing. In-
deed, we found that two-thirds of patients received a COM re-
gardless of the testing modality, suggesting that the 2-fold
higher diagnostic efficacy of systematically applied first-line
WGS in acute infant care could reduce health care disparities.

Limitations
The primary limitation of this study was an observation win-
dow limited to 90 days. Given that the results presented here
indicate ongoing use of genetic data for clinical decision-

making, it is likely that subsequent genetic testing–related
COMs were not captured. Additional limitations included the
lack of validated instruments to assess patient- and family-
reported outcomes and the study size and structure, which lim-
ited investigation of the diagnostic efficacy of WGS com-
pared with specific usual-care tests. The cost of WGS may be
a barrier to implementation in some environments, but this
may be ameliorated by 2030 if recent projections of a $20 WGS
are correct.22

Conclusions
The results of this randomized clinical trial add to a growing
body of literature demonstrating that comprehensive ge-
nomic testing of acute care infants can be implemented in
health systems,6 affect clinical management,6-14 and is posi-
tively viewed by both clinicians15 and the parents23 of acutely
ill infants. The findings reported here demonstrate that WGS
leads to focused, and therefore improved, patient care and
should be considered as a primary tool in the assessment of
critically ill infants with a suspected genetic disease.
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